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Individual Product Data Sheets for models not listed here are available from your local Burr-Brown salesperson or 
representative. See the listing on the inside back cover. 



HOW TO USE THIS BOOK 



If you know the MODEL 
NUMBER, 



Use the Model Index on the INSIDE 
FRONT COVER. 



If you know the PRODUCT 
TYPE, 



Use the TABBED TABLE OF 

CONTENTS on page v. Or, use the 
SELECTION GUIDE TABLES at 

the front of each tabbed section. 



If you know the MODEL 
NUMBER FROM ANOTHER 
MANUFACTURER, 



Use the CROSS-REFERENCE 
INFORMATION in Section 15. 



If you want NEW MODELS, 



Use the Model Index on the INSIDE 
FRONT COVER or the SELEC- 
TION GUIDE TABLES at the front 
of each tabbed section. New models 
are shown in boldface. Contact your 
local Burr-Brown salesperson or 
representative for information on 
new models. 



If you want a PRICE, 



If you are in the U.S.A., see the 
U.S-A. PRICE LIST, Section 16. If 
you are outside the U.S.A., contact 
your local Burr-Brown salesperson 
or representative. 



If you want MILITARY 
components, 



Contact your local Burr-Brown 
salesperson or representative. See 
INSIDE BACK COVER. 



If you want DIE, 



Contact your local Burr-Brown 
salesperson or representative. See 
INSIDE BACK COVER. 
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ABOUT BURR-BROWN 



Burr-Brown Corporation is a leading designer and manufacturer of precision 
microcircuits and microelectronic-based systems for use in data acquisition, 
signal conditioning, measurement, and control. 

We make our products for customers who pursue business success much as 
we do — ^through worldwide competition based on high performance, high 
quality, and high value. Our customers include OEMs, sophisticated end- 
users, systems integrators, and VARs who demand an extra measure of 
performance for their products and operations. 

COMPANY FACTS 

• Founded in 1956. 

• Corporate headquarters, Tucson, Arizona, U.S.A. 

• 1500 employees. 

• Manufacturing and technical facilities: Tucson; Livingston, Scotland; 
Atsugi, Japan. 

• Sales and distribution subsidiaries in Austria, Belgium, England, France, 
Germany, Italy, Japan., the Netherlands, Sweden, and Switzerland; 19 inter- 
national sales representative organizations worldwide. 

• Over 300 sales and service staff worldwide. 

• 800+ high-performance products. 

BURR-BROWN PRODUCTS 

• Precision Unear microcircuits, including data converters, operational and 
instrumentation amplifiers, power amplifiers, and isolation amplifiers. Many 
military/high reliability models. 

• DC/DC converter power supplies in a broad range of input/output 
ratings.* 

• Board-level microcomputer subsystems, including high-speed DSP 
boards for VME and IBM PC systems; industrial STD boards; and modular 
PC instrumentation for data acquisition, test, measurement, and control.* 

• Data entry terminals, transaction processors, and peripherals for factory 
data collection, inventory control, labor tracking, and quality assurance. 
Modems, multiplexers, and network servers for industrial data communica- 
tions and LANs. See Section 14. 

* These items are described in Section 14 and in separate databooks. Also see 
Section 1. 
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BUILT-IN QUALITY AND RELIABILITY 
GUARANTEE HIGH PERFORMANCE 

We have been building quality and reliability into our microcircuits, subsys- 
tems, and systems for over 30 years. Today, our manufacturing and quality 
assurance processes and procedures are backed by millions of units of 
worldwide experience; we make sure our customers get all the operating 
performance in their applications that we design into our products. 

A SYSTEMS APPROACH TO 

QUALITY MANUFACTURING 

In the manufacture of microcircuits, sophisticated production techniques 
and test equipment are used to fabricate silicon wafers and fashion them into 
hybrid and monolithic electronic components. Our engineers have pio- 
neered hundreds of innovations in manufacturing technology, including 
thin-film deposition processes and wafer-level laser trimming to improve 
accuracy and stability. 

HIGH-PERFORMANCE PEOPLE 

Our 1500 worldwide engineers, technicians, managers, and other employ- 
ees are educated, trained and motivated to continuously improve the prod- 
ucts and services demanded by our customers. Employee skills are con- 
stantly improved through in-house and community educational programs to 
meet new operating and competitive challenges. From top to bottom, our 
people focus on the customer and his needs; everyone is a high-performance 
partner in your aggregate business success. 

GETTING IT RIGHT THE FIRST TIME! 

Quality control, like almost everything else at Burr-Brown, begins at the 
design phase. The completed design is carefully checked prior to production 
to make sure that it will meet the quality criteria set up for it. Incoming 
materials from vendors are sampled and carefully inspected to the standard 
established for each item before going into manufactured product. 
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During production, our in-line quality control people sample parts from the 
production line at several stages and inspect partially assembled products 
against performance criteria. A 100% electrical test performed after pro- 
duction completes the manufacturing cycle. 

Inspection and testing don't stop when production is completed. Many 
Burr-Brown products are subjected to **bum-in" at elevated temperatures to 
catch early or "infant mortality" failures before they reach the customer. 

To maintain both quality and on-time delivery, Burr-Brown uses several 
computerized manufacturing systems. In our AMAPS system, information, 
such as the location of materials, how they are being used, inventory of 
parts, and what materials need to be ordered, is collected and analyzed on 
a regular basis to make sure the work flows smoothly. 

We are also now expanding a rigorous Statistical Process Control (SPC) 
system throughout the company. Our employees are directly involved in all 
aspects of the manufacturing process, so we "do it right the first time" 
instead of catching errors later. SPC is a proven technique that represents the 
future in electronics manufacturing. 
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UNDERSTANDING COMPONENT 
MODEL NUMBERS 



Most Burr-Brown component products in this book have model numbers in 
the following form: 



ADC 80 



M 



H 



-12 



/QM 



Quality Designator 
(optional) 

Additional Performance 
Information (optional) 

Package Designator 

Performance Grade/Temp Range Designator 

Additional Performance Information (Second Generation, 
Improved Performance, etc.), 1 or 2 Letters (optional) 

Model Sequence Designator, 2 to 4 digits 

Product Type Prefix 

Exceptions: Second-source products are marked as similarly to the original 
vendor's part number as possible. 



Some products designed for digital audio and signal processing applications 
have model numbers as follows: 

PCM 58 P -J 

Performance Grade/Temp Range Designator 
Package Designator 
Model Sequence Designator, 2 to 4 digits 
Product Type Prefix 
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PRODUCT TYPE PREFIXES 



Product Type 



Prefix 



Description 



Amplifiers 


OPA 


Operational Amplifier 




INA 


Instrumentation Amplifier 




PGA 


Programmable Gain Amplifier 




ISO 


Isolation Amplifier 


Analog Circuit 


MFC 


Multifunction Converter 


Functions 


MPY 


Multiplier 




DIV 


Divider 




LOG 


Logarithmic Amplifier 



Frequency Products 



VFC 
UAF 



Voltage-to-Frequency Converter 
Universal Active Filter 



Conversion Products 


ADC 


A/D Converter 




ADS 


A/D Converter with Sample/Hold 




DAC 


D/A Converter 




MFC 


Multiplexer 




PCM 


A/D and D/A Converters for Audio 
and Digital Signal Processing 




SDM 


System Data Modules 




SHC 


Sample/Hold 


Miscellaneous 


PWS 


Power- Supply 




PWR 


Power Supply 




REF 


Reference 




XTR 


Transmitter 




RCV 


Receiver 



PERFORMANCE GRADE AND TEMPERATURE RANGE DESIGNATORS 



0°C to 70°C 
(Commercial) 



Temperature Range 



-25°Cto+85°C<^) 
(industrial) 



-55°Cto+125°C 
(Military) 



Increasing Parametric 
Performance 



H 
J 
K 
L (best) 



A 
B 
C (best) 



R 
S 
T (best) 



NOTE: (1 ) For some industrial products this may be -40°C to 85°C. 



PACKAGE DESIGNATORS 



QUALITY DESIGNATORS 



M 


Metal (hermetic) 


P 


Plastic DIP (nonhermetic) 


G 


Ceramic (hermetic or 




nonhermetic) 


U 


SOIC 


N 


PLCC 


L 


Ceramic Leadless Chip Carrier 


D 


Die 


H 


Ceramic hermetic 



Q Burr-Brown's Q program 

QM or /QM Burr-Brown's Q program with 

Military Visual Criteria 
Bl or B Burn-in 
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WHERE TO GO FROM HERE: 
BURR-BROWN SALES & SERVICE 



GETTING TECHNICAL ASSISTANCE 

We have a large and competent field sales force, backed up by an 
experienced staff of technical applications specialists. They are eager to 
assist you in selecting the right product for your application. This free 
service is available from our Tucson-based headquarters and all sales 
offices. 



GETTING PRODUCT DATA SHEETS 
AND OTHER TECHNICAL LITERATURE 

Burr-Brown uses Product Data Sheets (PDSs) to describe its components. 
This Data Book is a compilation of PDSs for products recommended for 
new designs at the time of publication (1/89). You can receive individual 
PDSs for older products, new introductions, or revisions of existing prod- 
ucts by contacting your local Burr-Brown salesperson or representative. 
See the listing on the inside back cover. 

HOW TO PLACE AN ORDER 

You can place orders via telephone, FAX, mail, TWX, or TELEX with any 
authorized Burr-Brown field sales office, sales representative, or our head- 
quarters in Tucson. A complete list of sales offices is on the inside back 
cover of this book. When placing an order, please provide complete infor- 
mation, including model number with all option designations, product de- 
scription or name, quantity desired, and ship-to and bill-to addresses. This 
will help us serve you most efficiently. 

PRICES AND TERMS 

Prices listed in this catalog are effective until March 31, 1989 and unless 
otherwise noted apply only to domestic U.S.A. customers. All other cus- 
tomers should contact their local Burr-Brown sales office for pricing. 
Prices and specifications are subject to change without notice. 

For U.S.A. customers all prices are FOB Tucson, Arizona, U.S.A., in U.S. 
dollars. Applicable federal, state, and local taxes are extra. Terms are net 
30 days. 
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QUOTATIONS 

Price quotations made by Burr-Brown or its authorized field sales repre- 
sentatives are valid for 30 days. Delivery quotations are subject to recon- 
firmation at the time of order placement. 



RETURNS AND WARRANTY SERVICE 

When returning products for any reason, it is necessary to contact Burr- 
Brown prior to shipping for authorization and shipping instructions. In the 
U.S.A., contact our Tucson headquarters. In other countries, contact your 
local Burr-Brown sales office or representative. Please ship returned units 
prepaid and supply the original purchase order number and date, along 
with an explanation of the malfunction. Upon receipt of the retumed unit, 
Burr-Brown will verify the malfunction and will inform you of the 
warranty status, cost to repair or replace, credits, and status of replacement 
units where applicable. 
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BURR-BROWN 
TECHNICAL LITERATURE 



An extensive library of Burr-Brown technical literature is available to 
design engineers and others interested in using Burr-Brown components. 
Contact your local Burr-Brown salesperson or representative for the items 
you need. See the listing on the inside back cover. 



PRODUCT DATA SHEETS (PDSs) 

Individual PDSs similar to those in this book are available. You may want 
to request a particular PDS to get the most recent version or to obtain infor- 
mation on products not featured here. This last group includes new products 
not introduced when this book was created and those listed in Other Prod- 
ucts Still Available tables in the introductory material of each section. 

MILITARY PRODUCTS DATA BOOK 

This publication covers the complete line of Burr-Brown military/high re- 
liability components and die. Burr-Brown's Military Products Division 
facilities have been certified to both MIL-STD-976 and MIL-STD-1772. All 
product families are fully specified from -55°C to +125°C with up to three 
performance grades at the /883B product assurance level. For more informa- 
tion, see page 14-5. 

The Military Products Data Book will be available in Second Quarter 1989. 
To obtain a copy, contact your local Burr-Brown salesperson or representa- 
tive. See the listing on the inside back cover. 

POWER SOURCES HANDBOOK 

Burr-Brown offers a wide selection of power conversion products, all 
completely described in this useful book. In addition to containing detailed 
PDSs, it also has an extensive selection guide, a discussion of advanced 
reliability programs, a glossary of terms, and application notes for effective 
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use of these products. For more information, see pages 14-1 to 14-4. 

The Power Sources Handbook will be available in early 1989. To obtain a 
copy, contact your local Burr-Brown salesperson or representative. 

RELIABILITY REPORTS 

Burr-Brown performs extensive reliability evaluations of new products and 
processes. Copies of these reports are available from your local Burr-Brown 
salesperson or representative. 

APPLICATIONS HANDBOOK 

This is a booklength collection of more than 50 Application Notes written 
by Burr-Brown's engineering staff. It offers practical, detailed information 
on the most popular components, such as those covered in this book — 
operational amplifiers, isolation amplifiers, digital-to-analog converters, 
analog-to-digital converters, and more. 

UPDATE 

Burr-Brown publishes this full-color supplement several times a year to 
keep our customers informed about new product developments, supporting 
literature, and applications. 

TECHNICAL BOOKS 

Burr-Brown engineers, in cooperation with McGraw-Hill, have authored 
the world's most extensive and authoritative library dealing with the art of 
analog signal conditioning, conversion, and computation. These four hard- 
bound books, described below, are respected and referenced throughout the 
international engineering community. They are available to you directly 
from Burr-Brown. 

FUNCTION CIRCUITS: Design and Applications 

This volume is the first to cover the multifaceted area of analog function cir- 
cuits. It explores in depth both the design theory and numerous applications 
for such analog functions as Multipliers, Dividers, Logarithmic Amplifiers, 
Exponentiators, RMS-to-DC Converters, and Active Filters. It also clearly 
shows how to specify and test these functions, which are increasingly 
becoming available in integrated circuit form, (more than 300 pages, 200 
illustrations) 
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OPERATIONAL AMPLIFIERS: Design and Applications 

This pioneering work provides practical information you can directly apply 
to instrumentation design. It covers basic theory, test methods, amplifier 
design techniques, and applications. Part I discusses the design of opera- 
tional amplifiers, offering insight into factors determining performance 
characteristics, and outlines techniques for their control. Part II presents a 
wide range of practical operational amplifier applications, and provides 
sufficient descriptions of operation to permit design adaptation from the 
specific circuits described, (more than 470 pages, 300 illustrations) 



APPLICATIONS OF OPERATIONAL ^ 

AMPLIFIERS: Third Generation Techniques CC 



The second volume of the Operational Amplifier series, this book is much 



D 



more than just a collection of circuit or theoretical analysis. It also presents < 

numerous applications of operational amplifiers in a variety of electronic ^ 

equipment — specialized amplifiers, signal controls, processors, waveform H 

generators, and special-purpose circuits. It is a storehouse of detailed, -J 

practical information, featuring numerous circuit diagrams, circuit values, ^r 

pertinent design equations, error sources and test-based comments on the q 

efficiency of the arrangements and devices, (more than 230 pages, 170 2 
illustrations) 



O 
UJ 
H 
DESIGNING WITH OPERATIONAL Z 

AMPLIFIERS: Applications Alternatives ^ 

The latest volume of the Operational Amplifier series offers a wealth of in- S 

novative applications and circuit techniques that have recently been devel- CD 

oped. Example applications include complete explanations of circuit opera- q; 

tions, allowing you to efficiently develop further circuits. Practical limita- DC 

tions are also discussed, in addition to pertinent design equations that can g^ 
be adapted to your specific requirements, (more than 270 pages, 200 illus- 
trations) 
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OPERATIONAL AMPLIFIERS 



APPLICATION GROUPS 

Burr-Brown operational amplifiers are listed in eight applications groups de- 
scribed below. This helps you determine and select the best operational 
amplifier available for a design. Instrumentation amplifiers and isolation 
amplifiers are described in Sections 3 and 4 respectively. 



LOW DRIFT 

Low drift operational amplifiers are best suited for applications where 
accuracy must be preserved over a substantial temperature range. These 
amplifiers are optimized to minimize the initial input offset voltage and input 
offset voltage change with temperature. Input offset drifts from 0.1|iV/°C to 
5|iV/°C are available within this group. 

LOW BIAS CURRENT 

Low bias current operational amplifiers consist of FET input designs. This 
group includes amplifiers with input bias currents from O.OlpA to 50pA. 
Applications with large feedback resistances or large source resistances (long 
time constants, integrators, current sources, etc.) and buffer applications will 
benefit by the use of low bias current amplifiers. 

LOW NOISE 

This group contains low noise bipolar and FET input operational amplifiers. 
Burr-Brown units offer guaranteed noise spectral density, 100% tested. In 
applications such as low noise signal conditioning, light measurements, 
radiation measurements, photodiode circuits or low noise data acquisition, 
the fully characterized and tested voltage noise performance of these units 
allows the designer to truly bound noise errors. 
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WIDEBAND 

Wideband operational amplifiers have bandwidths greater than 5MHz. This 
group also contains fast settling and high slew rate amplifiers. These ampli- 
fiers reduce phase errors at high frequencies and accurately reproduce 
complex waveforms. These amplifiers are well suited for pulse, video, fast 
settling, and multiplexing applications. 

HIGH VOLTAGE 

Amplifiers in this group are designed to provide large output voltage swings 
and to operate on wide ranges of supply voltage. Output voltages from ±10V 
and ±145V (up to 290V, single supply) are available in this applications 
group. These amplifiers provide good frequency response and performance 
in other parameters. Most models have electrically isolated packages and 
automatic thermal sensing and shutdown. All units have FET inputs to 
minimize bias current errors when the amplifier is used with the large 
resistances usually found with high-voltage amplifiers. 

HIGH CURRENT 

These amplifiers provide output currents from ±1 A to ±10A. They are used 
with small load resistances, coax cable driving, and with power booster ap- 
plications. Many units have self-contained thermal sensing and shutdown to 
automatically protect the amplifiers from overheating and damage. All of 
these units have electrically isolated packages. 

UNITY-GAIN BUFFER (POWER BOOSTER) 

Unity-gain buffer amplifiers have a wide variety of applications. They are 
used to boost the output current capability of another amplifier, buffer an 
impedance that might load a critical circuit or to be an input impedance 
converter from an input that must not be loaded. These amplifiers may also 
be used inside the feedback loop of another operational amplifier to form a 
current-boosted composite amplifier. 

SPECIAL PURPOSE 

Special purpose op amps provide features or performance that don't fit 
conventional categories. These include op amps specified for very wide 
temperature range and devices with switchable inputs. 

OPERATIONAL AMPLIFIERS SELECTION GUIDES 

The following Selection Guides show parameters for the high grade. Refer to 
the Product Data Sheet for a full selection of grades. Models shown in 
boldface are new products introduced since publication of the previous Burr- 
Brown IC Data Book. 
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LOW DRIFT 

Low offset voltage drift vs temperature performance in both FET and bipolar 
input types is obtained by our sophisticated drift compensation techniques. 
First, the drift is measured and then special laser trim techniques are used to 
minimize the drift and the initial offset voltage at 25°C. Finally, "max drift" 
performance is retested for conformance with specifications. 



LOW DRIFT 


(^5jiV/°C) 




















Boldface 


= NEW 








Offset Voltage, 


Bias 


Open 


Frequency 


















max 


Current 


Loop 


Response 










1 


n 






At 


Temp 


(25°C), 


Gain, 


Unity 


Slew 


Rated 






1 


■a 






25*^0, 


Drift, 


max 


min 


Gain 


Rate 


Output, 


min 


Temp 








Description 


l\Aodel 


(±mV) (±nV/°C) 


(nA) 


(dB) 


(MHz) 


(V/jis) 


(±V) 


(±mA) 


Range(') 


Pkg 


Page 




FET 


OPA627M 


0.1 


0.8 


20 


110 


16 


45 


12 


30 


ind 


T0.99 


2-174 


CO 

111 
u. 




OPA627P 


0.25 


2 


50 


104 


16 


40 


12 


30 


ind 


DIP 


2-174 




OPA111M 


0.25 


1 


±0.001 


120 


2 


2 


11 


5 


ind 


TO-99 


2-55 


Wideband 


OPA156M 


2 


5 


0.05 


94 


6 


14 


10 


5 


Mil 


TO-99 


2-80 




OPA356M 


2 


5 


0.05 


94 


6 


14 


10 


5 


Com 


TO-99 


2-80 






OPA602M 


0.25 


2 


±.001 


92 


6.5 


28 


10 


15 


ind 


TO-99 


2-145 




OPA602P 


0.5 


5 


±.002 


88 


6.5 


24 


10 


15 


Ind 


DIP 


2-145 


< 




OPA606M 


0.5 


5 


±0.01 


100 


13 


35 


12 


5 


Com 


TO-99 


2-158 


-J 

< 




























Dual FET 


0PA2111M 


0.5 


2.8 


±0.004 


114 


2 


2 


11 


5 


ind 


TO-99 


2-195 


z 




OPA2107P 


0.5 


5 


0.006 


80 


5 


15 


11 


10 


Ind 


DIP 


2-193 


o 


Bipolar 


OPA27J, Z 


0.025 


0.6 


±40 


120 


8 


1.9<3) 


12 


16.6 


Mil 


TO-99, 
DIP 


2-27 


5 

DC 




OPA37J, Z 


0.025 


0.6 


±40 


120 


63<2) 


11.9(3> 


12 


16.6 


Mil 


TO-99, 
DIP 


2-27 


Ui 
Q. 




OPA27P 


0.100 


1.8 


±80 


117 


8 


1.9(3) 


12 


16.6 


Com 


DIP 


2-27 


O 




OPA37P 


0.100 


1.8 


±80 


117 


63(2) 


11.9<3) 


12 


16.6 


Com 


DIP 


2-27 




Low Power 


0PA21Z 


0.1 


1 


25 


120 


0.3 


0.2 


13 


5 


Ind 


DIP 


2-21 





NOTES: (1) Com=: 0°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to +125°C. (2) Gain-bandwidth product for OPA37. 
Ay = 5 min. (3) Typical. 

LOW BIAS CURRENT 

Our many years of experience in designing, manufacturing and testing FET 
amplifiers give us unique abilities in providing low and ultra-low bias current 
op amps. These amplifiers offer bias currents as low as 75f A (75 x 10"^^A) and 
voltage drift as low as l|iV/°C. With offset voltage laser-trimmed to as low 
as 250|xV, the need for expensive trim pot adjustments is eliminated. 



LOW BIAS CURRENT (<50pA) 












Boldface = NEW 


Offset Voltage, 
max 
At Temp 
25°C, Drift, 
Description Model (±mV) (±^V/°C) 


Bias 
Current 
(25°C), 
max 
(PA) 


Open 

Loop 

Gain, 

min 

(dB) 


Frequency 

Response 

Unity Slew 

Gain Rate 

(MHz) (V/ns) 


Rated 
Output, min 
(±V) (±mA) 


Temp 

Range<') Pkg Page 


FET 0PA111M 0.25 1 


±1 


120 


2 


2 


11 5 


Ind TO-99 2-55 
(Continued on next page.) 
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LOW BIAS CURRENT (<50pA) (Continued) 
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Offset Voltage, Bias Open Frequency 

max Current Loop Response 

At Temp (25°C), Gain, Unity Slew Rated 

25°C, Drift, max min Gain Rate Output, min Temp 



Description 


Model 


(±mV) (±nV/°C) 


(pA) 


(dB) (MHz) 


(V/jis) 


(±V) 


(±mA) 


Range(') 


Pkg 


Page 


FET 


OPA627M 
OPA627P 


0.1 
0.25 


0.8 
2 


20 
50 


110 
104 


16 
16 


45 
40 


12 
12 


30 
30 


Ind 
Ind 


TO-99 
DIP 


2-174 
2-174 


Low Noise 


OPA101M 
OPA102M 


0.25 
0.25 


5 
5 


-10 
-10 


94 
94 


10 
40 


6.5 
14 


12 
12 


12 
12 


Ind 
Ind 


TO-99 
TO-99 


2-43 
2-43 


Ultra-Low 
Bias Current 


OPA128M 
AD515H 


0.5 
1 


5 
25 


±0.075 
0.075 


110 
88 


1 
0.35 


3 
1 


10 
10 


5 
5 


Com 
Com 


TO-99 
TO-99 


2-72 
2-13 


Dual FET 


0PA2111M 
0PA2111P 
OPA2107P 


0.5 

2 

0.5 


2.8 
15 
5 


±4 

±15 

6 


114 
106 
80 


2 
2 
5 


2 
2 
15 


11 
11 
11 


5 
5 
10 


Ind 

Com 

Ind 


TO-99 

DIP 

DIP 


2-195 
2-195 
2-193 


Quad FET 


OPA404G 
OPA404P 


0.75 
2.5 


3(2) 
5(2) 


±4 
±12 


92 
88 


6.4 
6.4 


35 
35 


12 
11.5 


5 
5 


Ind 
Com 


DIP 
DIP 


2-94 
2-94 



Low Cost 0PA121M 2 10 

0PA121P 3 10 

OPA602M 0.25 2 

OPA602P 0.5 5 



±5 110 2 

±10 106 2 

1 92 6.5 

2 88 6.5 



2 11 5 Com TO-99 2-66 

2 11 5 Com DIP 2-66 

28 10 15 Ind TO-99 2-145 

24 10 15 Ind TO-99 2-145 



Wideband 



OPA606M 
OPA606P 



0.5 
3 , 



5 

10(2) 



±10 
±25 



100 
90 



13 
12 



35 
30 



12 
11 



Com 
Com 



TO-99 2-145 
DIP 2-145 



NOTES: (1) Com = 0°C to +70°C, Ind - 

LOW NOISE 



25°C to +85^C, Mil = -55°Cto+125°C. (2) Typical. 



Now both FET and bipolar input op amps are offered with guaranteed low 
noise specifications. Until now the designer had to rely on "typical" specs for 
his demanding low noise designs. These fully characterized parts allow a truly 
complete error budget calculation. 



LOW NOISE (Very Low e^) 


















Boldface 


= NEW 










Frequency 












Noise 


Bias 


Offset Open 


Response 












Voltage 


Current 


Voltage, max Loop 




Slew 












at 10kHz 


, (25°C), 


at 


Temp Gain, 


Gain 


Rate, 


Rated 








max 


max 


25°C 


Drift min 


BW 


min 


Output, min 


Temp 






Descrlp. Model (nV/VHz) 


(pA) 


(±mV) (±|iV/°C) (dB) 


(MHz) 


(V/ns) 


(±V) 


(±mA) 


Range(') Pkg 


Page 


Bipolar OPA27J, Z 3.8 


±40nA 


0.025 


0.6 120 


8 


1.9<2) 


12 


16.6 


Mil 


TO-99, 
DIP 


2-27 


OPA37J, Z 3.8 


±40nA 


0.025 


0.6 120 


63 


11.9<2) 


12 


16.6 


Mil 


TO-99, 
DIP 


2-27 


Wide OPA101M 8 


-10 


0.25 


5 94 


20 


5 


12 


12 


Ind 


TO-99 


2-43 


Bandwidth OPA102M 8 


-10 


0.25 


5 94 


40 


10 


12 


12 


Ind 


TO-99 


2-43 



FET 



OPA111M 8 ±1 


0.25 


1 


120 


2 


1 


11 


5 Ind TO-99 2-55 


OPA602M 12(2) 1 


0.25 


2 


92 


6.5 


28 


10 


15 Ind TO-99 2-145 
(Continued on next page.) 
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LOW NOISE (Very Low e^) (Continued) 
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Descrip. Model 



Frequency 
Noise Bias Offset Open Response 

Voltage Current Voltage, max Loop Slew 

at 10kHz, (25°C), at Temp Gain, Gain Rate, 

max max 25°C Drift min BW min 
(nV/VHz) (pA) (±mV) (±^V/°C) (dB) (MHz) (V/^s) 



Rated 
Output, min Temp 
(±V) (±mA) Range(^) Pkg Page 



FET 


OPA627M 
OPA627P 


5.4 
6.2 


20 
50 


0.1 
0.25 


0.8 
2 


110 
104 


16 
16 


45 
40 


12 
12 


30 
30 


Ind 
Ind 


TO-99 
DIP 


2-174 
2-174 


Low Cost 


OPA27P 
OPA37P 


4.5 
4.5 


±80nA 
±80nA 


0.100 
0.100 


1.8 
1.8 


117 
117 


8 
63 


1.9<2) 
11.9t2) 


10 
10 


16.6 
16.6 


Com 
Com 


DIP 
DIP 


2-27 
2-27 


Dual FET 


0PA2111M 
0PA2111P 


8 

6<2) 


±4 
±15 


0.5 
2 


2.8 

15 


114 
106 


2 
2 


1 
1 


11 
11 


5 
5 


Ind 
Com 


TO-99 
DIP 


2-195 
2-195 



NOTES: (1) Ind = -25°C to +85°C, Mil = -55°C to +125°C, Com = 0°C to +70°C. (2) Typical. 



CO 

tr 
m 



UNITY-GAIN BUFFER (POWER BOOSTER) 

These versatile amplifiers boost the ouput current capability of another 
amplifier; buffer an impedance that might load a critical circuit; and may be 
used inside the feedback loop of another op amp to form a current-boosted, 
composite amplifier. Currents as high as ±200mA are available with speeds 
of2000V/|as. 



UNITY-GAIN BUFFER 














Boldface = NEW 


Description Model 


Rated 
Output, min 
(±V) (±mA) 


Frequency Responses 
~3dB Full Power Slew Rate Gain 
(MHz) (MHz) (V/|is) (V/V) 


Input 
Impedance Temp 

(Q) Range(') Pkg Page 


High 3553AM 
Performance 


10 


200 


300 


32 


2000 


-1 


10^^ ind TO-3 2-225 


Low Cost OPA633H, 


P 11 


80 


275 


65 


2500 


«1 


1.5x10« Ind T0-8,DIP 2-176 



NOTE: (1) Ind = -25°C to +85°C. 



WIDE BANDWIDTH 

Design expertise in wideband circuits combines with our fully developed 
technology to create cost-effective wideband op amps. Burr-Brown high- 
speed amplifiers also offer outstanding DC performance specifications. 



WIDE BANDWIDTH (>5MHz) 


Descrip. Model 


Frequency Response 

Slew 
Gain Rate tg 
BW min ±0.1% 
(MHz) (V/ns)(ns) 


Comp 


Rated 
Output, min 
(±V) (±mA) 


Offset Voltage, Open 
max Loop 
At Temp Gain, 
25°C Drift min Temp 
(±mV) (±nV/°C) (dB) Range<'> Pkg 


Page 


FET OPA156M 
OPA356M 


6 10 ^.5[\s 
6 10 1.5ns 


int 
int 


10 5 
10 5 


2 5 94 Mil TO-99 
2 5 94 Com TO-99 


2-80 
2-80 



< 

HI 
Q. 
O 



(Continued on next page.) 
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WIDE BANDWIDTH (>5MHz) (Continued) 
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Frequency Response 








Offset Voltage 


, Open 












Slew 












max 


Loop 


) 










Gain 


Rate 


*s 




Rated 


At 


Temp 


Gain 












BW 


min 


±0.1% 




Output, min 


25°C 


Drift 


min 


Temp 






Descrip. 


Model 


(MHz) 


(V/pis) (ns) 


Comp 


(±V) 


(±mA) 


(±mV) 


(±jiV/°C) (dB) 


Range 


(1) Pkg 


Page 


FET 


OPA602M 


6.5 


28 


600 


int 


10 


15 


0.25 


2 


92 


Ind 


TO-99 


2-145 




OPA602P 


6.5 


24 


600 


int 


10 


15 


0.5 


5 


88 


Ind 


TO-99 


2-145 


(Dual) 


OPA2107 


5 


15 


IflS 


int 


11 


10 


0.5 


5 


80 


Ind 


DIP 


2-193 




OPA605C 


200, 
A=1000 


300(3) 

1 


300 


ext 


10 


30 


0.5 


5 


96(3) 


Ind 


DIP 


2-152 




OPA606M 


13 


25 


lixs 


int 


12 


5 


0.5 


5(2) 


100 


Com 


TO-99 


2-158 




OPA606P 


12 


20 


Ins 


int 


11 


5 


3 


10(2) 


90 


Com 


TO-99 


2-158 




OPA627M 


16 


45 


400 


int 


12 


30 


0.1 


0.8 


110 


Ind 


TO-99 


2-174 




OPA627P 


16 


40 


400 


int 


12 


30 


0.25 


2 


104 


Ind 


DIP 


2-174 




3554M 


1700. 
A=1000 


1000 

1 


120 


ext 


10 


100 


1 


15 


100 


Ind 


TO-3 


2-229 




3551 


50, 
A=10 


250 


400 


ext 


10 


10 


1 


50(2) 


88 


Com 


TO-99 


2-221 




3550 


20, 
A=1 


100 


400 


int 


10 


10 


1 


50(2) 


88 


Com 


TO-99 


2-217 


Bipolar 


3508 


100. 
A=100 


20 


— 


ext 


10 


10 


5 


30(2) 


98 


Com 


TO-99 


2-215 




3507 


20, 


80 


200 


ext 


10 


10 


'° J 


30(2) 


83 


Com 


TO-99 


2-213 






A=10 












^ 










Quad FET OPA404G 


6.4 


28 


600 


int 


11.5 


5 


0.75 


3(2) 


92 


Ind 


DIP 


2-94 




OPA404P 


6.4 


24 


600 


int 


11.5 


5 


2.5 


5(2) 


88 


Com 


DIP 


2-94 


Low Noise OPA27 


8,A=1 


1.9<2) 





int(3) 


12 


16.6 


0.025 


0.6 


120 


Mil TO-99, DIP 


2-27 


Bipolar 


OPA37 


63,A=5 


11.9(2) 


' — 


int(3) 


12 


16.6 


0.025 


0.6 


120 


Mil TO-99, DIP 


2-27 


Low Noise OPA101M 


20, 


5 


2.5|Lis 


int 


12 


12 


0.25 


5 


94 


Ind 


TO-99 


2-43 


FET 




A=100 


























OPA102M 


40, 
A=100 


10 


1.5^is 


int 


12 


12 


0.25 


5 


94 


Ind 


TO-99 


2-43 


Fast 


OPA600M 


5000, 


500 


80 


ext 


9 


180 


4 


40 


86 


Ind 


DIP 


2-137 


Settling 




A=1OO0 


1 






















Very Fast 


OPA620 


170 


200(2) 


10 


int 


2.7 


150(2) 


0.5 


5(2) 


55 Com, Mil 


DIP 


2-166 


Settling 


OPA621 


250, 


1000(2)10 


ext 


2.7 


150(2) 


0.5 


5(2) 


55 Com, Mil 


DIP 


2-170 


Precision 




A=10 
























Very Fast 


OPA675G 


3000, 


200 


15 


ext 


2.1 


30 


1 


5 


65 Com, Mil 


DIP 


2-186 


Settling 




A=16 
























Switched 


OPA676G 


3000, 


200 


15 


ext 


2.1 


30 


1 


5 


65 Com, Mil 


DIP 


2-186 


Input 




A=16 
























Low Cost 


OPA27P 


8.A=1 


1.9(2) 





int 


12 


16.6 


0.100 


1.8 


117 


Com 


DIP 


2-27 




OPA37P 


63. 
A=5 


11.9(2J 




int(3> 


12 


16.6 


0.100 


1.8 


117 


Com 


DIP 


2-27 



Wide 0PA11HT 12,A=1 4 1.5|as ext 

Temp OPA27HT 6,A=1 1,9 — int 

Range 



10 15 5(2) 5 98 -55/+200°C TO-99 2-17 

12 16.6(2) 0.050 0.25(2) 1 20 -55/+200°C TO-99 2-39 



NOTES: (1 ) Com = 0°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to +1 25°C. (2) Typical. (3) G = 5 min. for OPA37. 
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HIGH VOLTAGE, HIGH CURRENT 
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Offset Voltage, 


Bias 


Frequency 


















1 


max 


Current Response 


Open 












Rated Output, 


At 


Temp 


(25°C), 


Unity 


Slew 


Loop 










IVIodel 


min 


25°C Drift 
(±mV) (±!xV/°C) 


max 
(pA) 


Gain 
(MHz) 


Rate 

(V/^lS) 


Gain 
(dB) 


Temp 
Range(i) 


Pkg 




Description 


(±V) 


(±mA) 


Page 


High Power 


OPA501M 


26 


10A 


5 


40 


20nA 


1 


1.35 


98 


Ind 


TO-3 


2-109 




0PA511M 


22 


5A 


10 


65 


40 


1 


1 


91 


Ind 


TO-3 


2-117 




OPA512BM 


35 


10A 


6 


65 


30 


4 


2.5 


110 


Ind 


TO-3 


2-122 




OPA512SM 


35 


15A 


3 


40 


20 


4 


2.5 


110 


Mil 


TO-3 


2-122 




OPA541M 


35 


5A 


1 


30 


50 


1.6 


8 


90 


Ind 


TO-3 


2-127| 


(Dual) 


OPA2541M 


35 


5A 


1 


30 


50 


1.6 


8 


90 


Ind 


TO-3 


2-205) 




OPA550 


35 


2A 


1 


30 


50 


3 


15 


90 


Ind 


TO-220 


2-135 




3573!^ 


20 


2AW 


10 


65 


40nA 


1 


2.6 


94 


Ind 


TO-3 


2-243 




3572M 


30 


2A(4) 


2 


40 


100 


0.5 


3 


94 


Ind 


TO-3 


2-237 




3571 M 


30 


1A(3) 


2 


40 


100 


0.5 


3 


94 


Ind 


TO-3 


2-237 


Wideband 


3554M 


10 


100 


1 


15 


50 


1700(2) 


1200 


100 


Ind 


TO-3 


2-229 


High Voltage 


3584M 


145 


15 


3 


25 


20 


20(2) 


150 


126 


Com 


TO-3 


2-255 




3583M 


140 


75 


3 


25 


20 


5 


30 


118 


Ind 


TO-3 


2-251 




3582 


145 


15 


3 


25 


20 


5 


20 


118 


Com 


TO-3 


2-247 




3581 


70 


30 


3 


25 


20 


5 


20 


112 


Com 


TO-3 


2-247 




3580 


30 


60 


10 


30 


50 


5 


15 


106 


Com 


TO-3 


2-247 




OPA445BM 


35 


15 


3 


10 


50 


2 


10 


100 


Ind 


TO-99 


2-104 


Buffer 


3553M 


10 


200 


50 


300(5) 


200 


300 


2000 


NA 


Ind 


TO-3 


2-225 




OPA633 


11 


80 


15 


33(5) 


35^A 


275(5) 


2500 


NA 


Ind 


TO-8, DIP 2-176 



NOTES: (1 ) Com = 0°C to +70°C, Ind = -25X to +85°C, Mil = -55°C to +1 25°C. (2) Gain-bandwidth product. (3) 2A peak. 
(4) 5A peak. (5) Typical. 

SPECIAL PURPOSE 

These op amps offer specialized performance or function, including devices 
with wide temperature range, low quiescent current, and switched inputs. 



SPECIAL PURPOSE 


















Boldface 


= NEW 






Offset Voltage, 


Bias 


Open 


Frequency 
















max 


Current 


Loop 


Response 
















At 


Temp 


(25°C), 


Gain, 


Unity 


Slew 


Rated 












25°C, 


Drift, 


max 


min 


Gain 


Rate 


Output, 


min 


Temp 






Description 


Model 


(±mV) (±nV/°C) 


(nA) 


(dB) 


(MHz) 


(V/fis) 


(±V) 


(±mA) 


Range<i) 


Pkg 


Page 


Low Power 


OPA21Z 


0.1 


1 


25 


120 


0.3 


0.2 


13.7 


1.4 


Ind 


DIP 


2-21 


Switchable 


OPA201G 


0.1 


1 


25 


120 


0.5 


0.1 


13.5 


5 


Com 


DIP 


2-86 


Input 


























Very Fast 


OPA675G 


1 


5 


35|iA 


65 


185<3) 


350 


2.1 


30 


Com, Mil 


DIP 


2-186 


Settling 


OPA676G 


1 


5 


35|iA 


65 


185<3) 


350 


2.1 


30 


Com, Mil 


DIP 


2-186 


Wide Temp 


OPA11HT 


5 


5(2) 


±25 


94 


12 


7 


10 


15 


-55°C to 


TO-99 


2-17 


Range 




















+175°C 








OPA27HT 


0.05 


0.25(2) 


IjiA 


120 


6 


1.9 


12 


16<2) 


-55°C to 
+200°C 


TO-99 


2-39 



CO 
LU 



< 

.J 
< 

z 
g 

< 

q: 

LU 
CL 

o 



NOTES: (1) Com = 0°C to +70°C, Ind = -25°C to +85°C Mil = -55°C to +125°C. (2) Typical. (3) -3dB BW at Gain of +10V/V. 
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MODELS STILL AVAILABLE BUT NOT FEATURED IN THIS BOOK 



Model 



Description 



Recommended 
Newer Model Equlvalency(^) 



3329/03 Hybrid Power Booster 

3500 Low Bias Current Op Amp 

3501 Low Bias Current Op Amp 
3510 Low Drift Op Amp 

3521 Low Drift Op Amp 

3522 Low Drift Op Amp 

3523 Low Bias Current Op Amp 

3527 Low Drift FET Op Amp 

3528 Low Bias Current Op Amp 
3542 FET Input Op Amp 
OPA37HT Wide Temp Op Amp 
0PA1 03 Low Bias Current Op Amp 
0PA1 04 Low Bias Current Op Amp 
DEM1 02 Demo Kit for 1801 02 
DEM1 06 Demo Kit for 1801 06 



OPA633 


F/E 


OPA27 


F/E 


0PA111 


PIP 


OPA27 


F/E 


0PA111 


PIP 


0PA111 


PIP 


OPA128 


PIP 


0PA111 


PIP 


OPA128 


PIP 


OPA121(2) 


PIP 


0PA11HT 


PIP 


OPA128 


PIP 


OPA128 


P/P 



NOTES: (1 ) P/P « Pin for Pin. A true second source. F/E = Functional Equivalent. Very similar function, very similar performance, 
but not pin for pin. C/P » Closest Part. Similar function, similar performance, but significant differences exist. (2) Supply Range for 
0PA121 is ±5V to ±18V (instead of ±5V to ±20V). 
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OPERATIONAL AMPLIFIERS GLOSSARY 

COMMON-MODE INPUT IMPEDANCE 

Effective impedance (resistance in parallel with capacitance) between either 
input of an amplifier and its common, or ground terminal. 

COMMON-MODE REJECTION (CMR) 

When both inputs of a differential amplifier experience the same common- 
mode voltage (CMV), the output should, ideally, be unaffected. CMR is the 
ratio of the common-mode input voltage change to the differential input 
voltage (error voltage) which produces the same output change. 

CMR (in dB) = 20 log^^ CMV/Error Voltage W 

Thus a CMR of 80dB means that IV of common-mode voltage will cause an [ii 

error of lOOjiV (referred to input). 



LL 



COMMON-MODE VOLTAGE (CMV) g 

That portion of an input signal common to both inputs of a differential »J 

amplifier. Mathematically it is defined as the average of the signals at the two 2 

inputs: O 

CMV = (e, + e,)/2 F 

COMMON-MODE VOLTAGE GAIN S 



Ratio of the output signal voltage (ideally zero) to the common-mode input 
signal voltage. 

COMMON-MODE VOLTAGE RANGE 

Range of input voltage for linear, nonsaturated operation. 

DIFFERENTIAL INPUT IMPEDANCE 

Apparent impedance, resistance in parallel with capacitance, between the two 
input terminals. 

FULL POWER FREQUENCY RESPONSE 

Maximum frequency at which a device can supply its peak-to-peak rated 
output voltage and current, without introducing significant distortion. 

GAIN-BANDWIDTHPRODUCT 

Product of small signal, open-loop gain and frequency at that gain. 
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INPUT BIAS CURRENT 

DC input current required at each input of an amplifier to provide zero output 
voltage when the input signal and input offset voltage are zero. The specified 
maximum is for each input. 

INPUT BIAS CURRENT vs SUPPLY VOLTAGE 

Sensitivity of input bias current to power supply voltages. 

INPUT BIAS CURRENT vs TEMPERATURE 

Sensitivity of input bias current to temperature. 

INPUT CURRENT NOISE 

Input current that would produce, at the output of a noiseless amplifier, the 
same output as that produced by the inherent noise generated internally in the 
amplifier when the source resistances are large. 

INPUT OFFSET CURRENT 

Difference of the two input bias currents of a differential amplifier. 

INPUT OFFSET VOLTAGE 

DC input voltage required to provide zero voltage at the output of an amplifier 
when the input signal and input bias currents are zero. 

INPUT OFFSET VOLTAGE vs SUPPLY VOLTAGE (PSR) 

Sensitivity of input offset voltage to the power supply voltages. Both power 
supply voltages are changed in the same direction and magnitude over the op- 
erating voltage range. 

INPUT OFFSET VOLTAGE vs TEMPERATURE (DRIFT) 

Rate of change of input offset voltage with temperature. At Burr-Brown, this 
is the change in input offset voltage from +25°C to the maximum specifica- 
tion temperature, plus the change in input offset voltage from +25°C to the 
minimum specification temperature, this quantity is divided by the specified 
temperature range. 

INPUT OFFSET VOLTAGE vs TIME 

The sensitivity of input offset voltage to time. 

INPUT VOLTAGE NOISE 

Differential input voltage that would produce, at the output of a noiseless 
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amplifier, the same output as that produced by the inherent noise generated 
internally in the amplifier when the source resistances are small. 

MAXIMUM SAFE INPUT VOLTAGE 

Maximum voltage that may be applied at, or between, the inputs without 
damage. 

OPEN-LOOP GAIN 

Ratio of the output signal voltage to the differential input signal voltage. 

OPERATING TEMPERATURE RANGE 

Temperature range over which the amplifier may be safely operated. ^ 

UJ 

OUTPUT RESISTANCE ^ 

Open-loop output source resistance with respect to ground. ^ 

< 

POWER SUPPLY RATED VOLTAGE ;^ 

Normal value of power supply voltage at which the amplifier is designed to Z 

operate. ^ 

< 

POWER SUPPLY VOLTAGE RANGE S 

Q. 

Range of power supply voltage over which the amplifier may be safely q 

operated. 

QUIESCENT CURRENT 

Current required from the power supply to operate the amplifier with no load 
and with the output at zero volts. 

RATED OUTPUT 

Peak output voltage and current that can be continuously, simultaneously 
supplied. 

SETTLING TIME 

Time required, after application of a step input signal, for the output voltage 
to settle and remain within a specified error band around the final value. 

SLEW RATE 

Maximum rate of change of the output voltage when supplying rated output 
current. 
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SPECIFICATION TEMPERATURE RANGE 

Temperature range over which "versus temperature" specifications are speci- 
fied. 



STORAGE TEMPERATURE RANGE 

Temperature range over which the amplifier may be safely stored, unpow- 
ered. 



UNITY-GAIN FREQUENCY RESPONSE 

Frequency at which the open-loop gain becomes unity. 
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in 

o 

< 



FET-lnput Electrometer 
OPERATIONAL AMPLIFIER 



(0 
lU 



< 
z 
o 

< 
CC 
UJ 
Q. 
O 



FEATURES 

• ULTRA-LOW BIAS CURRENT: 0.075pA max 

• LOW POWER: 1.5mA max 

• LOW OFFSET: ImV max 

• LOW DRIFT: 15/uV/°C max 

• LOW COST 

• REPLACES ANALOG DEVICES AD515 

DESCRIPTION 

The Burr-Brown ADS 15 is a monolithic pin-for-pin 
replacement for the hybrid Analog Devices ADS 15 
ultra-low bias current operational amplifier. 

Laser-trimmed offset voltage and very-low bias 
current are important features of this popular 
amplifier. Monolithic construction allows lower cost 
and higher reliability than hybrid designs. 

The ADS IS is available in three electrical grades; all 
are specified over 0°C to +70°C and supplied in a 
TO-99 hermetic package. 



APPLICATIONS 

• pH SENSORS 

• INTEGRATORS 

• TEST EQUIPMENT 

• ELECTRO-OPTICS 

• CHARGE AMPLIFIERS 

• GAS DETECTORS 



Case (Guard) 




Output 



Noninverting 
Input 



O 00 



-Vcc 



Trim 
AD515 
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SPECIFICATIONS 



ELECTRICAL 

At Vcc = ±15VDC and Ta = +25°C unless otherwise noted Pin 8 connected to ground 



PARAMETER 


CONDITIONS 


AD515J 


AD515K 


AD515L 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


OPEN-LOOP GAIN, DC 1 


Open-Loop Voltage Gam' 


RL>2kn 

RL>10kO 

Tmin tO Tmax, 

RL = 2k 


20k 
40k 

15k 






40k 
100k 

40k 






25k 
50k 

25k 






v/v 
v/v 

v/v 


RATED OUTPUT | 


Voltage Output Rl = 2kn 


Tmin to Tmax 


±10 


±12 




* 


* 




* 


♦ 




V 


RL = 10kQ 


Tmin tO Tmax 


±12 


±13 




* 


* 




* 


♦ 




V 


Load Capacitance Stability 


Gain = +1 




1000 






* 






* 




PF 


Short Circuit Current 




10 


25 


50 


* 


* 


* 


* 


* 


* 


mA 


FREQUENCY RESPONSE | 


Unity Gam, Small Signal 






350 






* 






* 




kHz 


Full Power Response 


20V p-p, 
























RL = 2k 


5 


16 




* 


* 




* 


* 




kHz 


Slew Rate 


Vo = +10V, 
Rl = 2k, 
























Gam = -1 


03 


10 




* 


* 




* 


* 




V///S 


Overload Recovery 


Gain = -1 




16 


100 




* 


* 




* 


* 


fJS 


INPUT 1 


OFFSET VOLTAGE'^' 
























Input Offset Voltage 


VcM = OVDC 




04 


30 




* 


1 




* 


1 


mV 


Average Drift 


Tmin tO Tmax 






50 






15 






25 


fjyrc 


Supply Rejection 


Tmin tO Tmax 


68 


86 
50 


400 


80 




100 


74 




200 


dB 
/yV/V 


BIAS CURRENT'^' 
























Input Bias Current 


VcM = OVDC 






300 






150 






75 


fA 


Either Input 
























IMPEDANCE 
























Differential 






10'^ II 1 6 






* 






* 




OlIpF 


Common-Mode 






10'= II 8 






* 






* 




II pF 


VOLTAGE RANGE'^' 
























Differential Input Range 




±20 






* 






* 






V 


Common-Mode Input Range 




±10 


±11 




* 


* 




* 


* 




V 


Common-Mode Rejection 


ViN = ±10VDC 


66 


94 




80 






70 






dB 


NOISE 
























Voltage 01Hz to 10Hz 






40 






* 






* 




//Vp-p 


fo = 10Hz 






75, 






* 






* 




nV/x/H^ 


fo = 100Hz 






55 






♦ 






* 




nV/v/hiz 


fo = 1kHz 






50 






* 






* 




nV/v/Hz 


Current 01Hz to 10Hz 






003 






* 






* 




pAp-p 


fo= 10Hz to 10kHz 






01 






* 






* 




pA rms 


POWER SUPPLY 1 


Rated Voltage 






±15 






* 






* 




VDC 


Voltage Range, 
























Derated Performance 




±5 




±18 


* 




* 


* 




* 


VDC 


Current, Quiescent 


lo^OmADC 




08 


1 5 




* 


* 




* 


* 


mA 


TEMPERATURE RANGE | 


Specification Range 


Ambient temp 







+70 


* 




* 


* 






°C 


Storage 


Ambient temp 


-65 




+150 


* 




* 


* 






°C 



* Specification same as AD515J 

NOTES (1) With or without nulling of Vos (2) Offset voltage, offset current, and bias current are measured with the units fully warmed up (3) If it is possible for 
the input voltage to exceed the supply voltage, a series protection resistor should be added to limit input current to 5mA The input devices can withstand overload 
currents of 3mA indefinitely without damage 
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ABSOLUTE MAXIMUM RATINGS 



ORDERING INFORMATION 



Basic model number 
Performance grade - 



AD515 X H 



J, K, L = 0°C to +70°C 



Package code 



H = TO-99 metal can 



CONNECTION DIAGRAM 



Top View 



Guard and Case 




Output 



Supply ±18VDC 

Internal Power Dissipation*^* 500mW 

Differential Input Voltage"'^' ±36VDC 

Input Voltage Range'^' ±18VDC 

Storage Temperature Range — SS^C to +150''C 

Operating Temperature Range — 55°C to +125°C 

Lead Temperature (soldering, 10 seconds) +300°C 

Output Short Circuit Duration'^* Continuous 

Junction Temperature +175°C 



NOTES (1) Packages must be derated based on ^jc = 150°C/W or 5ja = 
200°C/W (2) For supply voltages less than ±18VDC the absolute 
maximum input voltage is equal to the supply voltage. (3) Short circuit 
may be to power supply common only Rating applies to +25°C ambient. 
Observe dissipation limit and Tj 

MECHANICAL 



"H" PACKAGE 

NOTE Leads in true position within 010" 
( 25mm) R at MMC at seating plane 
Pin numbers shown for reference only 
Numbers may not be marked on package 
Pin matenal and plating composition 
conform to Method 2003 (solderability) 
of MIL-STD-883 (except paragraph 3 2) 



TO-99 (Hermetic) 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


C 


165 


185 


4 19 


4 70 


D 


016 


021 


041 


53 


E 


010 


040 


25 


1 02 


F 


010 


040 


25 


1 02 


G 


200 BASIC 


5 08 BASIC 1 


H 


028 


034 


071 


86 


J 


029 


045 


74 


1 14 


K 


500 


__ 


12 7 




L 


110 


160 


2 79 


406 


M 


45° BASIC 


45° BASIC 


N 


095 1 105 


2 41 1 2 67 




in 

tn 
Q 

< 



CO 

cc 

UJ 

.J 

0. 



5 

Ul 
Q. 

o 



TYPICAL PERFORMANCE CURVES 

Ta = +25° 0, Vcc = ±15VDC unless otherwise noted 



NORMALIZED BIAS CURRENT vs TEMPERATURE 



OPEN-LOOP FREQUENCY RESPONSE 



1k 
100 



I I I I I .y 

Za !! ! 

^rz=: = iz= = =: 



-25 +25 +50 +75 +100 +125 

Ambient Temperature (°C) 





> 


















"- 




~ 






" 


120 
































































ino 


- 




1 






























>& 


























80 






s 


^' 






























^s 


+t 




"^ 






■'^ 




<t> 


















\ 


\^ 




















60 


V 














— 


am 


. 








1 


i 




1 




40 










L 


s 


Sj 








\ 
























H 


'^ 






\ 








20 




















^ 




^ 




























'V 










n 
















1 






-C 


^- 


1 







100 Ik 10k 100k 1M 

Frequency (Hz) 
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POWER SUPPLY REJECTION vs FREQUENCY 



COMMON-MODE REJECTION vs FREQUENCY 
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40 


1 1 
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Ik 10k 100k 1M 10M 

Frequency (Hz) 



APPLICATIONS INFORMATION 

OFFSET VOLTAGE ADJUSTMENT 




FIGURE 1. Offset Voltage Trim. 

INPUT PROTECTION 

The AD515 requires input protection only if the source is 
not current limited. Limiting input current to 0.5mA 
with a series resistor is recommended when input voltage 
exceeds supply voltage. 

Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
device. In precision operational amplifiers (both bipolar 
and FET types), this may cause a noticeable degradation 
of offset voltage and drift. 

Static protection is recommended when handling any 
precision IC operational amplifier. 

GUARDING AND SHIELDING 

As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input leads. If large feedback resistors are used,- they 
should also be shielded along with the external input 
circuitry. 



Leakage currents across printed circuit boards can easily 
exceed the bias current of the AD515. To avoid leakage 
problems, it is recommended that the signal input lead of 
the AD515 be wired to a Teflon standoff. If the lead is to 
be soldered directly into a printed circuit board, utmost 
care must be used in planning the board layout. 

A "guard" pattern should completely surround the high 
impedance input leads and shouM be connected to a low 
impedance point which is at the signal input potential. 
The amplifier case should be connected to any input 
shield or guard via pin 8. This insures that the amplifier 
itself is fully surrounded by guard potential, minimizing 
both leakage and noise pickup (see Figure 2). 



Non-inverting 



rn, 



'"O ' » f 




inverting 



TO-99 Bottom View 



—vw*^^ — -w^ 




Board layout for input guarding: 

Guard top and bottom of board. 

Alternate— use Teflon® standoff for sensitive Input pins. 

Teflon® E I Du Pont de Nemours & Co 



FIGURE 2. Connection of Input Guard. 
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BURR -BROWN 





0PA11HT 



Wide Temperature-Range 

General Purpose 
OPERATIONAL AMPLIFIER 



FEATURES 

• -55<^C TO +175<>C SPECIFICATIONS 

• 30nA MAX, INPUT BIAS CURRENT AT +175<'C 

• ±6mV. MAX. INPUT OFFSET V0LTA6E AT -^m^Z 

• ±^V/<*C TYP. INPUT OFFSET VOLTAGE COEFFICIENT 

• 12MHz BANDWIDTH. TYPICAL 

• HERMETIC PACKAGE WITH STANDARD PINOUT 

(741-TYPE) 



DESCRIPTION 

These specifications give you a versatile operational 
amplifier that will work in circuits that are subjected 
to extremely wide temperature ranges. Typical ap- 
plications for OPAllHT include general purpose 
gain blocks, high-speed pulse amplifiers, audio 
amplifiers, high-frequency active filters, high-speed 
integrators, and photodiode amplifiers. 

You're assured of this product's performance over 
the-55°Cto+175°C range because we conduct 100% 
screening procedures in accordance with MIL-STD- 
883, method 5004, class B. Burn-in is performed at 
200°C. Our sample and inspection procedures include 
both destructive and nondestructive bonding wire 



pull tests in accordance with Method 201 1 of MIL- 
STD-883. The product is assembled in a clean-room 
environment. 

Model OPAllHT is internally compensated for 
stability at all gains. Pins are available for special 
tailoring of the bandwidth compensation. Significant 
advantages in high gain, wide bandwidth, low-bias 
current, high output current and high common- 
mode rejection are provided by OPAllHT. Inputs 
are protected against common-mode voltages up to 
the value of the power supplies while the output is 
current limited to offer short circuited protection. 
TO-99 hermetic package has standard 741 -type 
pinout arrangement. 
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SPECIFICATIONS 



ELECTRICAL 

Specifications at ±15VDC and Ta = -M75°C unless otherwise noted 



MECHANICAL 



MODEL 


0PA11HT 1 


CHARACTERISTIC 


SYMBOL 1 MIN 1 TYP 1 MAX 1 UNIT 1 


OPEN LOOP GAIN, DC. single-ended Av 1 


No load 
Rl= 2kn 




94 


103 
100 




dB 
dB 


RATED OUTPUT 1 


Voltage, Rl= 2kn 
Current (Ta = 25°C) 


Vom 
lorn 


±10 
±15 


±12 
±23 




V 
mA 


DYNAMIC RESPONSE) Ta = 25»C) I 


Small-Signal Bandwidth (OdB) 
Full-Power Bandwidthl Vout = ±10V 
Slew Rate f Ru = 2kO 
Settling Time (0.1%) 
Rise Time (10% to 90%, small-signal) 


BWfp 
SR 


50 
4 


12 
75 
7 

1.5 
30 




MHz 
kHz 
V/Msec 
/isec 
nsec 


INPUT OFFSET VOLTAGE V,o I 


Initial (Without adj at25°C) 
Over Temperature 

Ta = +175»C 

Ta = -55»C 

Average Vio coefficient 
Average V,o coefficient vs 

supply voltage(TA = 25°C) 






±1 

±5 
±10 


±5 

±6 

±7 

±200 


mV 

mV 

mV 

mV/oC 

mV/V 


INPUT BIAS CURRENT lib 1 


Initial at +25°C 
Over Temperature 

Ta = +175°C 

Ta = -55'C 

Average hb coefficient 






±10 
±01 


±25 

±30 
±40 


nA 

nA 

nA 

nA/°C 


INPUT DIFFERENCE CURRENT lio I 


Initial at +25°C 
Over Temperature 

Ta = +175°C 

Ta = -55»C 

Average l.o coefficient 






±10 
±01 


±25 

±30 
±40 


nA 

nA 

nA 

nA/oC 


INPUT IMPEDANCE (Ta = 25°C) I 


Differential 
Common Mode 


r, 

Ci 

r,(CM) 
c,(CM) 


100 


300 

3 
1000 

3 




Ma 

PF 

Mn 

pF 


INPUT VOLTAGE RANGE | 


Common Mode 
Differential Mode 
Common-Mode Rejection 
Over Temperature (-55°C ^ Ta ^ -l-175°C) 


CMR 


80 


100 
100 


±11 
±12 


V 

V 

dB 
dB 


POWER SUPPLY(Ta = 25«C) I 


Rated Voltage 
Voltage Range, derated 
Current, quiescent 

Over Temperature (-SS^C ^ Ta < +175°C) 
Power Supply Rejection 

Ratio (Ta = -1-175-C) 


Vcc 
Iq 

PSrr 


80 


±8 to ±22 

±3 
±3 

100 


±15 
±3.7 


V 

V 

mA 
mA 

dB 


TEMPERATURE RANGE | 


Specification 

Operating 

Storage 


-55°C<Ta<-H175°C 
-55°C < Ta < +200°C 
-65°C<Ta<+250X 



TO-99 package 




'71 



K 


i 




i^^\ 




♦ 


^')) 


t 


_t 



NOTE 

Leads m true position within 010" 

( 25mm) R ® MMC at seating plane 



DIM 


INCHES 


MILLIMETERS 1 


MIN 


MAX 


MIN 


MA)^ 


A 


335 


370 


851 


9 40 


B 


305 


335 


7 75 


8 51 


C 


165 


185 


419 


4 70 


D 


016 


021 


41 


53 


E 


010 


040 


25 


1 02 


F 


010 


040 


25 


1 02 


G 


200 BASIC 


5 08 BASIC 1 


H 


028 


034 


071 


86 


J 


029 


045 


74 


1 14 


K 


500 





127 





L 


110 


160 


2 79 


406 




45° BASIC 


45° BASIC 


N 


095 I 105 


2 41 1 2 67 



CONNECTION DIAGRAM 



BANDWIDTH CONTROL 


OFFSET ADJ 


^ 


©" 


-IN \2y~ 


t> 


— ^nouT 


@ 




+IN 


V- 
(TOP VIEW) 


OFFSET ADJ 


PIN 4 IS CONNECTED TO CASE 






1 
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TYPICAL PERFORMANCE CURVES 

(at ±15VDC and Ta = +25°C unless otherwise specified) 



OPEN LOOP FREQUENCY RESPONSE' 



(1) 



100 
80 
60 
40 



^ 






OpF 






>^ 


^ 


10pF 






s 


^ 


^ 
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COMMON MODE VOLTAGE RANGE vs SUPPLY VOLTAGE 
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OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 
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OUTPUT VOLTAGE SWING vs FREQUENCY 
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EQUIVALENT INPUT NOISE vs BANDWIDTH 
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AS A FUNCTION OF TEMPERATURE 
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1. Capacitance values shown are compensation from pin 8 to common Not required for stability See Figure 1 2 See Figure 3. 
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APPLICATIONS 



BANDWIDTH COMPENSATION 

The frequency response of the OPA 1 1 HT can be adjusted 
by use of an external compensation capacitor from pin 8 
to common as shown in Figure I. The open-loop 
frequency response curves illustrate the effect of various 
values of capacitance. The OPA 1 1 HT is stable at any gain 
level without the use of compensation, provided that stray 
wiring capacitance and/ or load capacitance are not 
excessive, and that moderate values of feedback res- 
istance are used (Rfb ^ lOkH). A load capacitance of 
«*50pF is desirable in all feedback configurations. 

STABILITY 

Because the OPAIIHT is an extremely-fast amplifier 
with high gain, stray wiring capacitance and inductance in 
power supply leads can cause circuit oscillation. This can 
be prevented by proper circuit layout (all leads or patterns 
as short as possible) and by properly by passing the power 
supply lines to common at points close to the ampiifier. In 
addition, it is recommended that the load be bypassed by 
a 50pF capacitor, see Figure 1. 

OFFSET VOLTAGE AND ADJUSTMENT 

Although the offset voltage of these amplifiers is only a 
few millivolts, it may in some cases be desirable to null 
this offset. This is done by use of a lOOkfl potentiometer 
as shown in Figure 2. 



TEST CIRCUIT - DYNAMIC RESPONSE 

The test circuit of Figure 3 is used for measurement of 
slew rate, settling time, rise time and overshoot. Both rise 
time and overshoot are measured for a small output signal 
(Vol I = ±100mV). Slew rate and settling time are 
measured for a lOV, p-p, square wave. 
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BYPASS J^ J^ 




^ BYPASS -ir ztr 



FIGURE 1. Compensated Amplifier with Supply Load 
Bypassing. 
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FIGURE 2. External Adjustment of Offset Voltage. 
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FIGURE 3. Dynamic Response Test Circuit. 



VOLTAGE REGULATOR AT aOO^'C 

In many applications, a regulated source of ±15V is 
needed. A voltage regulator that typically will operate up 
to +175°C is shown in Figure 4. This regulator accepts 
+ 1 6V to 4-30 V at its input and provides + 1 5 V at 20mA at 
its output. A complementary version may be constructed 
to provide -15V by using the OPA 1 1 HT with a 2N17I 1 
transistor. Short-circuit protection should be added if 
required. 
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FIGURE 4. A +I5V Voltage Regulator that will 
Operate at +175°C. 



Burr-Brown IC Data Book 



2-20 



Vol. 33 



BURR -BROWN 




WW 






0PA21 



AVAILABLE IN 
DIE FORM 



o 



Low-Power Precision 
OPERATIONAL AIVIPLIFIER 



CO 

tr 

UJ 
LL 

-J 

OL 

< 
< 
o 

< 
UJ 

a. 
O 



FEATURES 

• LOW SUPPLY CURRENT 

230a/A max at Vcc = ±15V 

• WIDE SUPPLY RANGE 

±2.5Vto±18V 

• LOW OFFSET VOLTAGE 

IOOa/V max 

• LOW OFFSET VOLTAGE DRIFT 

1.0//V/°C max 

DESCRIPTION 

A unique circuit design, state-of-the-art monolithic 
processing and advanced laser-trimming techniques 
are used to provide a low power amplifier with out- 
standing parameters — truly "instrumentation grade" 
performance over a wide voltage supply range. 



APPLICATIONS 

• PORTABLE EQUIPMENT 

• BATTERY OPERATION 

• IMPROVED REPLACEMENT FOR OP-21 



The OPA21 consumes only 6.9mW of power at Vcc 

= ±15V and l.lmW at Vcc = ±2.5V but offers far 

higher performance than MOS op-amps. 

The OPA21 is internally compensated for unity-gain 

stability. 




© ©"cc 



OFFSET TRIM 



SIMPLIFIED CIRCUIT 
International Airport Industrial Park • P.O. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP • Telex: 66-6491 



Burr-Brown IC Data Book 



PDS-482C 

2-21 



Vol 33 



SPECIFICATIONS 

ELECTRICAL 

At Ta = +25°C and ±Vcc = 2.5VDC to 15VDC, unless otherwise noted. 



PARAMETERS 


CONDITIONS 


0PA21E 
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uNi-re 
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40 


100 




300 


500 


yuV 




-25°C to +85''C 
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Bias Current 






7 


' 25 




15 


50 


nA 




-25°C to +85°C 




9 


40 




18 


75 


nA 


INPUT NOISE 1 


Voltage 


01Hz to 10Hz 




1 










//Vp;^ 


Voltage Density 


III 

II II II 

M? H? h9 




60 
20 
20 










nV/VHz 
nV/x/H^ 
nV/x/Hi 


Current Density 


fo = 1Hz 
fo = 10Hz 
fo = 100Hz 




07 
25 
07 










pA/x/Ri 
pA/v/Hz 
pA/x/Hz 


INPUT RESISTANCE | 


Differential 






6 






4 




MO 


Common-Mode 






10^°||2 










nilpF 


INPUT VOLTAGE RANGE | 


Input Voltage Range 


-25°C to +85°C 


-125 
+14 3 
-120 
+14.0 






* 






V 
V 
V 
V 


COMMON-MODE REJECTION RATIO | 
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104 


114 




90 


100 




dB 




-25°C to +85°C 


100 


108 


( 


85 


95 




dB 


LARGE SIGNAL VOLTAGE GAIN | 
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RATED OUTPUT | 
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DYNAMIC RESPONSE | 


Slew Rate 


Cl = lOOpF, Rl = 25kO 
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Closed-Loop Bandwidth 


AcL = +1, RL = 10kO 
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TEMPERATURE RANGE | 


Specification 


Ambient 


-25 




+85 


* 






°C 


Operating 
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NOTE (1) Guaranteed fully warmed-up 



'Specification same as OPA21E 
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ABSOLUTE MAXIMUM RATINGS 




Supply Voltage ... 


±18V 


Internal Power Dissipation'^' .... 


SOOmW 


Input Voltage 


Supply Voltage 


Differentiallnput Voltage 


±30V 


Output Short Circuit Duration 


Indefinite 


Storage Temperature Range . . . 


-eS^'C to +150''C 


Operating Temperature Range 


-SS^C to +125''C 


Lead Temperature Range (soldering, 60sec) +300X 1 


NOTE (1 ) Maximum package power dissipation vs ambient temper- | 


ature 




Maximum Ambient 


Derate Above 


Package Temperature 


Maximum Ambient 


Type for Rating 


Temperature 


8-Pin Hermetic DIP (Z) +75°C 


6 7mW/°C 



PIN CONFIGURATION 



MECHANICAL 




8-PIN HERMETIC DIP 
("Z" SUFFIX) 
NOTE 

Leads in true position within 01" 
(0.25mm) R at MMC at seating plane. 

Pin material and plating composition 
conform to Method 2003 (solderability) 
of MIL-STD-883 (except paragraph 3 2). 

Pin numbers shown for 
reference only Numbers 
may not be marked on 
package. 
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TYPICAL PERFORMANCE CURVES 

(Ta = +25°C, ±Vcc = 15VDC unless othenvise noted) 
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OPEN-LOOP GAIN vs FREQUENCY 
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INPUT BIAS CURRENT vs 
TEMPERATURE 
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APPLICATIONS 

Figures 1 through 6 are typical applications of the 
OPA21. 




FIGURE 1. Voltage Offset Trim. 



0.5//A 
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Input 3 




I ± ^-L 
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Two 9V Batteries 

Eveready No. 522 «2k Hours 



FIGURE 2. Fully-Floating Current Meter. 
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Voltage Gain = 20dB 



FIGURE 4. AC Amplifier. 




fc = 10Hz 
Q = 707 
Gain = +1V/V 
Offset = ±125//V max 



FIGURE 5. Second-Order lOHz Low-Pass Filter. 
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FIGURE 3. Portable Microphone Amplifier. 
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175A/A at +25°C 



RiNT = 1 8kn 




FIGURE 6. Portable Tire Pyrometer. 
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Ultra-Low Noise Precision 
OPERATIONAL AMPLIFIERS 
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FEATURES 

• LOW NOISE: 100% tested, 3.8nV/VHz max at 1kHz 

• LOW OFFSET: ZS/iV max 

• LOW DRIFT: 0.6/iV/«C max 

• HIGH OPEN-LOOP GAIN: 120dB min 

• HIGH COMMON-MODE REJECTION: 114dB min 

• HIGH POWER SUPPLY REJECTION: lOOdB min 

• FITS OP-07. OP-05. AD5ia AD517 SOCKETS 



DESCRIPTION 

The OPA27/37 is an ultra-low noise, high precision 
monolithic operational amplifier. 

Laser-trimmed thin-film resistors provide excellent 
long-term voltage offset stability and allow superior 
voltage offset compared to common zener-zap 
techniques. 

A unique bias current cancellation circuit allows bias 
and offset current specifications to be met over the 
full -55°C to +125°C temperature range. 

The OPA27 is internally compensated for unity- 
gain stability. The decompensated OPA37 requires 
a closed-loop gain > 5. 

The Burr-Brown OPA27/37 is an improved re- 
placement for the industry-standard OP-27/OP-37. 
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APPLICATIONS 

• PRECISION INSTRUMENTATION 

• DATA ACQUISITION 

• TEST EQUIPMENT 

• PROFESSIONAL AUDIO EQUIPMENT 

• TRANSDUCER AMPURER 

• RADIATION HARD EQUIPMENT 
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0PA27/37 SIMPLIFIED CIRCUIT 



-Vcc 
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SPECIFICATIONS 

ELECTRICAL 

At Vcc = P15VDC and Ta = +25° C unless otherwise noted 



PARAMETER 


CONDITIONS 


OPA27/37A, OPA27/37E 


OPA27/37B, OPA27/37F 


OPA27/37C, OPA27/37G 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


INPUT 1 


NOISE 
























Voltage, fo = 10Hz 


100% tested, (A, E) 




3.1 


55 




3.5 


55 




3.8 


8 0'^' 


nV/v/Hz 


fo = 30Hz 


100% tested, (A. E) 




2.9 


4.5 




31 


4.5 




33 


5 6'^' 


nV/x/Hz 


fo = 1kHz 


100% tested, (A, E) 




27 


3.8 




3.0 


38 




32 


4 5'^' 


ny/y/Hz 


fB = 01Hzto10Hz 






07 


018 




0.08 


0.18 




0.09 


25'^' 


AfV, p-p 


Current,"' fo = 10Hz 


100% tested, (A. E) 




1 7 
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1.7 


40 




1.7 




pM\fHz 


fo = 30Hz 


100% tested, (A, E) 
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2.3 




1.0 


23 




1 




pA/v/Hi 


fo = 1kHz 


100% tested, (A, E) 
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pA/^/Hz 


OFFSET VPLTAGE"" 
























Input Offset Voltage 
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±60 




±25 


±100 


//V 


Average Drift'^' 


Ta min to Ta max 




±0.2 


±0 6 




±0.3 


±13 




±0 4 


±1 8'^' 


fjyrc 


Long Term Stability"" 






0.2 


1 
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1 5 




04 


20 


//V/mo 


Supply Rejection 


±Vcc = 4 to 18V 


100 


134 




100 
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120 
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±Vcc = 4 to 18V 
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BIAS CURRENT 
























Input Bias Current 
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Input Offset Current 
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VOLTAGE RANGE 
























Common-Mode Input Range 




±11 


±12.3 




±11 


±12.3 




±11 


±12 3 




V 


Common-Mode Rejection 


ViN = ±11VDC 


114 


128 




106 


125 




100 


122 




dB 


OPEN-LOOP GAIN, DC | 


Open-Loop Voltage Gam 


Rl > 2kQ 


120 


126 




120 


125 




117 


124 




dB 




RL>1kn 


118 


125 




118 


125 






124 




dB 


FREQUENCY RESPONSE | 


Gain-Bandwidth Product '=' 


OPA27 


5 


8 




5 


8 




5,6. 


8 




MHz 




OPA37 


45 


63 




45 


63 




45<6. 


63 




MHz 


Slew Rate '=' 


Vo = ±10V, 
Rl = 2kO 
























OPA27, G = +1 


17 


19 




1 7 


19 




17'^' 


1 9 




y/fjs 




OPA37, G = +5 


11 


119 




11 


119 




11'^' 


11.9 




y/fis 


Settling Time, 01% 


OPA27, G = +1 
OPA37, G = +5 




25 
25 






25 
25 






25 
25 




fJS 


RATED OUTPUT | 


Voltage Output 


Rl > 2kn 


±12 


±13 8 




±12 


±13.8 




±12 


±13 8 




V 




Rl > 600Q 


±10 


±12 8 




±10 


±12.8 




±10 


±12 8 




V 


Output Resistance 


DC, open loop 




70 
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70 







Short Circuit Current 


RL = on 
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POWER SUPPLY 1 


Rated Voltage 






±15 






±15 






±15 




VDC 


Voltage Range, 
























Derated Performance 




±4 




±22 


±4 




±22 


±4 




±22 


VDC 


Current, Quiescent 


lo = OmADC 




3 


47 




3 


47 




3.3 


57 


mA 


TEMPERATURE RANGE 


1 


Specification 
























A, B, C (J, Z) 




-55 




+125 


-55 




+125 


-55 




+125 


"C 


E, F, G (J, Z) 




-25 




+85 


-25 




+85 


-25 




+85 


°C 


G (P) (U) 





















+70 


°C 


Operating J, Z 




-55 




+125 


-55 




+125 


-55 




+125 


°C 


P, u 
















-25 




+85 


X 



NOTES- (1 ) Measured with industry-standard noise test circuit (Figures 1 and 2). Due to errors introduced by this method, these current noise specifications should 
be used for comparison purposes only (2) Offset voltage specifications on grades A and E are also guaranteed with units fully warmed up. Grades B, C, F, and G are 
measured with automatic test equipment after approximately 5 second from power turn-on. (3) Unnulled or nulled with 8kQ to 20kO potentiometer (4) Long- 
term voltage offset vs time trend line does not include warm-up drift (5) Typical specification only on plastic package units Slew rate varies on all units due to 
differing test methods Minimum specification applies to open-loop test (6) This parameter not guaranteed in SOIC "U" package. 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

At Vcc = ±15VDC and Ta = Tmin to Tmax unless otherwise noted. 



PARAMETER 


CONDITIONS 


OPA27/37A, OPA27/37E 


OPA27/37B, OPA27/37F 


OPA27/37C, OPA27/37G 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


TEMPERATURE RANGE 


1 


Specification Range 
























A, B. C (J, Z) 




-55 




+125 


-55 




+125 


-55 




+125 


"C 


E. F. G (J. Z) 




-25 




+85 


-25 




+85 


-25 




+85 


"C 


G(P) 





















+70 


°c 


INPUT 1 


OFFSET VOLTAGE'" 
























Input Offset Voltage 
























A. B, C 






±24 


±60 




±45 


±200 




±60 


±300'=" 


A/V 


E. F. G 






±17 


±50 




±33 


±140 




±48 


±220'" 


//V 


Average Drift"" 


Ta M.N to Ta max 




±0.2 


±0.6 




±0.3 


±13 




±0.4 


±1 8'=" 


tiwrc 


Supply Rejection 
























A, B. C 


±Vcc = 4.5 to 18V 


96 


130 




94 


127 




86'=" 


122 




dB 


E. F. G 


±Vcc = 4.5 to 18V 


97 


130 




96 


127 




90'^' 


122 




dB 


BIAS CURRENT 
























Input Bias Current 
























A. B. C 






±16 


±60 




±22 


±95 




±29 


±150'" 


nA 


E. F. G 






±13 


±60 




±16 


±95 




±21 


±150'=" 


nA 


OFFSET CURRENT 
























Input Offset Current 
























A, B, C 






23 


50 




25 


85 




35 


135'=" 


nA 


E, F. G 






12 


50 




14 


85 




20 


135'" 


nA 


VOLTAGE RANGE 
























Common-Mode Input Range 
























A,B, C 




±10.3 


±115 




±10 3 


±11.5 




±10 3'^' 


±11.5 




V 


E. F. G 




±10.6 


±11.8 




±10 5 


±11 8 




±10 5'^' 


±11.8 




V 


Common-Mode Rejection 


V,N = ±11VDC 






















A, B. C 




108 


124 




100 


122 




94(3) 


120 




dB 


E, F. G 




110 


126 




102 


124 




96'=" 


122 




dB 


OPEN-LOOP GAIN. DC 


1 


Open-Loop Voltage Gain 


Rl > 2kO 






















A. B, C 




116 


121 




114 


120 




110"' 


118 




dB 


E. F. G 




118 


123 




117 


122 




113 


120 




dB 


RATED OUTPUT | 


Voltage Output 


Rl = 2kO 






















A. B, C 




±11.5 


±13.7 




±110 


±13 5 




±10 5'^' 


±13.3 




V 


E, F, G 




±11.7 


±13.8 




±114 


±13 6 




±110'=" 


±13.4 




V 


Short Circuit Current 


Vo = OVDC 




25 






25 






25 




mA 



NOTES* (1 ) Offset voltage specifications on grades A and E are also guaranteed with the units fully warmed up. Grades B, C, F, and G are measured with automatic 
equipment after approximately 0.5 second (2) Unnulled or nulled with 8kn to 20kn potentiometer (3) This parameter not guaranteed m SOIC "U" package 



ABSOLUTE MAXIMUM RATINGS 



Supply Voltage ±22V 

Internal Power Dissipation*^' 500mW 

Input Voltage ±Vcc 

Output Short-Circuit Duration'^' Indefinite 

Differential Input Voltage'^' ±0.7V 

Differential Input Current'^* ±25mA 

Storage Temperature Range: 

J, Z -65°C to +150X 

P -55°C to +125°C 

Operating Temperature Range: 

A, B, 0, E, F, G (J. Z) -55°C to +125°C 

G (P. U) -25°C to +85°C 

Lead Temperature (Soldering, 60s) +300°C 

SOIC Package {3s) +260°C 



NOTES: 

(1) Maximum package power dissipation vs ambient temperature 





Maximum 


Derate Above 




Ambient Temp- 


Maximum Ambient 


Package Type 


erature for Rating 


Temperature 


TO-99 (J) 


80°C 


7 1mW/°C 


8-Pin Hermetic DIP (Z) 


75°C 


6 7mW/°C 


8-Pm Plastic DIP (P) 


62»C 


5 6mW/°C 


8-Pm SOIC (U) 


85°C 


- 



(2) To common with ±Vcc = 15V 

(3) The inputs are protected by back-to-back diodes Current limiting resistors 
are not used in order to achieve low noise. If differential input voltage 
exceeds ±0 7V, the input current should be limited to 25mA 
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MECHANICAL 




"P" PACKAGE, 
8-PIN PLASTIC 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


355 


400 


9 03 


1016 


Ai 


340 


385 


8 65 


9 80 


B 


230 


290 


5 85 


7 38 


Bi 


200 


250 


5 09 


6 36 


C 


120 


200 


3 05 


5 09 


D 


015 


023 


38 


59 


F 


030 


070 


76 


178 


G 


100 BASIC 


2 54 BASIC 


H 


025 


050 


64 


127 


J 


008 


015 


20 


38 


K 


070 


150 


178 


3 82 


L 


300 BASIC 


7 63 BASIC 


M 


,0° 


15° 


0° 


15° 


N 


010 


030 


25 


76 


P 


025 


050 


64 


127 



NOTE 

Leads in true position within 01" 

(0 25mm) R at MMC at seating plane 



"U" PACKAGE, 8-PIN SOIC 



O 



n [il 



1 -»" 

! Bi B 



v: 



Pin 1 Identifier 



1 

^1 



DIM, 


INCHES 


MILLIMETERS 


M|N 


MAX 


MIN 


MAX 


A 


185 


201 


4 70 


511 


Ai 


178 


201 


4 52' 


511. 


B 


146 


162 


3 71 


4 11 


Bi 


130 


149 


3 30 


3 78 


C 


054 


145 


137 


3 69 


D 


015 


019 


38 


48 


G 


050 BASIC 


1 27 BASIC 


H 


018 


026 


46 


66 


J 


008 


012 


20 


30 


L 


220 


252 


5 59 


6 40 


M 


0° 


10° 


0° 


10° 


N 


000 


012 


00 


30 



h 



.J^-^^. 



o^/JF 




Voltage Gam 
Total = 50,000 



NOTE All capacitor values are for nonpolarized capacitors only 



HCil'RF I IH/to lOH/ Noise Test Circuit 
ORDERING INFORMATION 



1Hz to 10Hz NOISE 




FKjURI 2 1 ovv Frequencv Noise 



Model" 


Package 


Temperature 
Range 


Offset Voltage 
maxGuV),25°C 


0PA27AJ 
0PA27BJ 
OPA27CJ 
OPA27EJ 
OPA27FJ 
OPA27GJ 
OPA27AZ 
OPA27BZ 
OPA27CZ 
OPA27EZ 
OPA27FZ 
OPA27GZ 
OPA27GP 
OPA27GU 


TO-99 
TO-99 
TO-99 
TO-99 
TO-99 
TO-99 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Plactic 
SOIC 


-55°Cto+125°C 
-55°Cto+125°C 
-55°Cto+125°C 
-25°C to +85°C 
-25°C to +85°C 
-25°C to +85°C 
-55°Cto+125°C 
-55°Cto+125°C 
-55°Cto+125°C 
-25°C to +85'*C 
-25°C to +85°C 
-25°C to +85°C 
0°C to +70°C 
0°C to +70°C 


±25 
±60 
±100 
±25 
±60 
±100 
±25 
±60 
±100 
±25 
±60 
±100 
±100 
±100 


BURN-IN SCREENING OPTION | 


Model" 


Package 


Temperature 
Range 


Burn-In 
Temp. (160h)'^' 


OPA27AJ-BI 
OPA27EJ-BI 
OPA27GJ-BI 
OPA27AZ-BI 
OPA27EZ-BI 
OPA27GP-BI 
OPA27GU-BI 


TO-99 
TO-99 
TO-99 
Ceramic 
Ceramic 
Plastic 
SOIC 


-55°Cto+l25°C 
-25°C to +85°C 
-25°C to +85°C 
-55°Cto+125°C 
-25°C to +85°C 
0°C to +70°C 
0°C to +70''C 


+125°C 
+125°C 
+125°C 
+125°C 
+125°C 
+85°C 
+85°C 



NOTE (1) Packages and prices for OPA37 are the same as for OPA27 
(2) Or equivalent combination of time and temperature 
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"Z" PACKAGE, 8-PIN HERMETIC 



Seating 
Plane 



'mm- 



R 

i 

H-J U--^ G k •IkD 



T 
K 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


375 


405 


9 53 


10 28 


B 


245 


251 


6 22 


6 38 


C 


140 


170 


3 56 


4 32 


D 


015 


021 


38 


53 


F 


045 


060 


1 14 


152 


G 


100 BASIC 


2 54 BASIC 1 


H 


— 


098 


— 


2 49 


J 


008 


012 


20 


30 


K 


150 


— 


3 80 


— 


L 


290 


320 


7 37 


813 


M 


0° 


15° 


0' 


15° 


N 


009 


060 


23 


152 


R 


125 


175 


318 


4 45 



.' 


1 1 








J- 

U_L- J 



NOTE 

Leads in true position within 01" 

(0 25mm) R at MMC at seating plane 

Pin material and plating composition 
conform to method 2003 (solderability) 
of MIL-STD-883 (except paragrah 3 2) 




"J' 


PACKAGE, TO-99 


DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


C 


165 


185 


419 


4 70 


D 


016 


021 


041 


53 


E 


010 


040 


25 


102 


F 


010 


040 


25 


102 


G 


200 BASIC 


5 08 BASIC 


H 


028 


034 


71 


86 


J 


029 


045 


74 


1 14 


K 


500 


_ 


127 


— 


L 


110 


160 


2 79 


4 06 


M 


45° BASIC 


45° BASIC 


N 


095 1 105 


2 41 1 2 67 



J NOTE 

Leads in true position within 01" 
(0 25mm) R at MMC at seating plane 

Pin numbers shown for reference only 
Numbers may not be marked on packag 

Pin material and plating composition 
conform to method 2003 (solderability) 
of MIL-STD-883 (except paragrah 3 2) 



CONNECTION DIAGRAMS 



CO 

h* 
CM 

< 
OL 
O 



CO 
ill 



P, U, Z Packages— Top View 

Offset Trim H" 




J Package— Top View 
Offset Trim 




6) Output 



< 
z 
g 

I- 
< 

Ui 

a. 
O 



TYPICAL PERFORMANCE CURVES 



: -1-25° C, ±Vcc = ±15VDC unless otherwise noted 

INPUT CURRENT NOISE SPECTRAL DENSITY 
10 
8 
6 



I 



8 

1 06 

Q> 04 





r"^ 


r— r 


"1 


r 






"" 


" 










"" ■ 


Current 


Moise lest uircuitn 




















1 


1 lOko' 


















J2S2.52SSr^ e. 








\ 


•^w^ 




L 


500kOJDUT^ 


1^ 










^ 








"i" , - J 


/« \2 /i<3nr.\/\2 1 






^ 










.n v_v-no^ V "-> -I 

















IMQXIOO H 
III . . . 1 1 








\N 


ar 


nmg 


r n 1 1 1 1 III 

This industry-standard equation 








be 


u 

u 


sedfc 


)rconr 

1 1 


U 11 

par 

1 — 1 


IS( 

u 


e 
jn 

U 


Tig u re 
purp 


Dsesc 

1 1 


nly 

LJ 


J 



I 



100 Ik 

Frequency (Hz) 

INPUT VOLTAGE NOISE vs NOISE BANDWIDTH 

(0 1Hz to indicated frequency) 





INPUT VOLTAGE NOISE SPECTRAL DENSITY 


lU 


-.__;. ! U- 


__4 Al 


_ 


i.i: 


8 
6 
4 




1 1 


1 j 








^•' 








A, E^<^ 


^ ^ 1 




2 


' 


1 11. 







! i ■ "" 


1 ; i 1 



10 100 1k 

Frequency (Hz) 
TOTAL INPUT VOLTAGE NOISE SPECTRAL DENSITY 
vs SOURCE RESISTANCE 



=:_^-J 


-;;—.- 


■■■:^=--: 








4 


- ._ : 


---■ — [ ■^■^' 


1 — Lh 


A, E ^^^ 


Mi: — mm 


-^ 




Rs = Ofi 1 ^ 

1 ' 1 



Ik 10k 

Noise Bandwidth (Hz) 




Source Resistance (O) 
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TYPICAL PERFORMANCE CURVES (CONT) 



Ta = +25° C, ±Vcc - ±15VDC unless otherwise noted. 

VOLTAGE NOISE SPECTRAL DENSITY 
vs SUPPLY VOLTAGE 



I 



t • ; ■ 


i:!l 


E at 1*0Hz 




' ' ' 


- 


-1 i 








■f ; i [" 


A 


Eatikh 


Hz^ 






' ' 1 








- 










- 
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1 , 



























d 
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^ 


1 1 


7i I,. 



±5 ±10 ±15 ±20 

Supply Voltage (Vcc) 



VOLTAGE NOISE SPECTRAL DENSITY 
vs TEMPERATURE 



o 2 




























A. E 10Hz 


^ 


r^ 


— 










'^, El kHz' 










• t • 




i 







-75 -50 -25 +25 +50 +75 +100 +125 
Ambient Temperature (°C) 



INPUT OFFSET VOLTAGE WARM-UP DRIFT 



INPUT OFFSET VOLTAGE CHANGE 
DUE TO THERMAL SHOCK 



t 4 ^ 






1 IIM 








, , i , 




y^A 










ra^j 


^^ 


: : : : :'1 : 


-•-iir 


• '- 




■~"'--^- 


11'; ; 


1 


TO-99 

ttff 


1 1 1 


— ^: 


! 


1 i 


t 


IL. 




.J_±L 


_-— ± 



2 3 4 5 

Time From Power Turn-on (mm) 









OPEN-LOOP FREQUENCY RESPONSE 
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100 
80 
60 
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20 
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^ 






n. 
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Ji 






\ 


^ 1 a 



Ik 10k 100k 1M 

Frequency (Hz) 



OPA27 CLOSED-LOOP VOLTAGE GAIN AND 
PHASE SHIFT vs FREQUENCY (G = 100) 





+1 +2 +3 +4 

Time From Thermal Shock (mm) 

BIAS AND OFFSET CURRENT VS TEMPERATURE 
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10 s 



-75 -50 -25 * +25 +50 +75 +100 +125 
Ambient Temperature (°C) 

OPA37 CLOSED-LOOP VOLTAGE GAIN AND 
PHASE SHIFT vs FREQUENCY (G = 100) 




10 100 



Ik 10k 100k 1M 10M 100M 
Frequency (Hz) 



Ik 10k 100k 1M 10M 100M 
Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 

Ta = +25° C, ±Vcc = ±15VDC unless otherwise noted. 

COMMON-MODE REJECTION vs FREQUENCY 



140 
S" 120 
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OPEN-LOOP VOLTAGE GAIN vs SUPPLY VOLTAGE 
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Ru = 600fi 













±10 ±15 ±20 

Supply Voltage (Vcc) 



COMMON-MODE INPUT VOLTAGE RANGE 
vs SUPPLY VOLTAGE 




POWER SUPPLY REJECTION vs FREQUENCY 
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Frequency (Hz) 

OPEN-LOOP VOLTAGE GAIN vs TEMPERATURE 
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Ambient Temperature (°C) 



SUPPLY CURRENT vs SUPPLY VOLTAGE 
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±5 ±10 ±15 

Supply Voltage (Vcc) 



±5 ±10 ±15 

Supply Voltage (Vcc) 



OPA27 SMALL SIGNAL 
TRANSIENT RESPONSE 




AvcL = +1, CL = 15pF 



OPA37 SMALL SIGNAL 
TRANSIENT RESPONSE 



■■IH 

.■■■■ 

wgmrnm 




Av = +5, Cl = 25pF 



Time (/US) 



Time ifjs) 
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TYPICAL PERFORMANCE CURVES (CONT) 

Ta = +25° C, ±Vcc = ±15VDC unless otherwise noted 



OPA27 LARGE SIGNAL 
TRANSIENT RESPONSE 



nm 

.■■■■I 



HI 




AvcL - +•! Tinne (//s) 

APPLICATIONS INFORMATION 

OFFSET VOLTAGE ADJUSTMENT 

The OPA27/37 offset voltage is laser-trimmed and will 
require no further trim for most applications. Offset volt- 
age drift will not be degraded when the input offset is 
nulled with a lOkH trim potentiometer. Other potenti- 
ometer values from IkO to IMO can be used but Vos 
drift will be degraded by an additional 0.1 to 0.2/zV/°C. 
Nulling large system offsets by use of the offset trim 
adjust will degrade drift performance by approximately 
3.3juV/°C per millivolt of offset. Large system offsets 





c 


)+Vcc, 




O 2 
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^.8 






^ 


O 3 


0PA27/37 


y o 


\J 


y 


4 


±4mV TYPICAL 
TRIM RANGE 




< 


!)-Vcc 


•IkQtolMQ 
TRIM POTENTIOMETER 
(lOkQ RECOMMENDED) 



FIGURE 3. Offset Voltage Trim. 


C 


)+Vcc 


O 2 


S 


7 ^Jkoi 

<43 ^4.7kn 




nPfl07/^7^*^i ^\ 


O 3 






y 


4 ±280iuV TYPICAL 
TRIM RANGE 


c 


V -Vcc * H(fi TRIM 


POTENTIOMETER 



OPA37 LARGE SIGNAL 
TRANSIENT RESPONSE 




FIGURE 4. High Resolution Offset Voltage Trim. 



'"^ - ^= Time (/ys) 

can be nulled without drift degradation by input 

summing. 

The conventional offset voltage trim circuit is shown in 

Figure 3. For trimming very-small offsets, the higher 

resolution circuit shown in Figure 4 is recommended. 

The OPA27/37 can replace 741-type operational ampli- 
fiers by removing or modifying the trim circuit. 

THERMOELECTRIC POTENTIALS 

The OPA27/37 is laser-trimmed to microvolt-level input 
offset voltage and for very-low input offset voltage drift. 
Careful layout and circuit design techniques are neces- 
sary to prevent offset and drift errors from external 
thermoelectric potentials. Dissimilar metal junctions 
can generate small EMF's if care is not taken to eUmi- 
nate either their sources (lead-to-PC, wiring, etc.) or 
their temperature difference. See Figure 11. 

Short, direct mounting of the OPA27/37 with close 
spacing of the input pins is highly recommended. Poor 
layout can result in circuit drifts and offsets which are an 
order of magnitude greater than the operational ampli- 
fier alone. 

NOISE: BIPOLAR VERSUS FET 

Low-noise circuit design requires careful analysis of all 
noise sources. External noise sources can dominate in 
many cases, so consider the effect of source resistance on 
overall operational amplifier noise performance. At low 
source impedances, the lower voltage noise of a bipolar 
operational amplifier is superior, but at higher impe- 
dances the high current noise of a bipolar amplifier 
becomes a serious liability. Above about ISkO the Burr- 
Brown OP All! low-noise FET operational amplifier is 
recommended for lower total noise than the OP A27 (see 
Figure 5). 

COMPENSATION 

Although internally compensated for unity-gain stabil- 
ity, the OPA27 may require a small capacitor in parallel 
with a feedback resistor (Rf) which is greater than 2kn. 
This capacitor will compensate the pole generated by Rf 
and CiN and eliminate peaking or oscillation. 
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APPLICATrONS CIRCUITS 



FIGURE 5. Voltage Noise Spectral Density Versus 
Source Resistance. 

INPUT PROTECTION 

Back-to-back diodes are used for input protection on 
the OPA27/37. Exceeding a few hundred millivolts dif- 
ferential input signal will cause current to flow and 
without external current limiting resistors the input will 
be destroyed. 

Accidental static discharge as well as high current can 
damage the amplifier's input circuit. Although the unit 
may still be functional, important parameters such as 
input offset voltage, drift, and noise may be perma- 
nently damaged if any precision operational amplifier is 
subjected to abuse. 

Transient conditions can cause feedthrough due to the 
amplifier's finite slew-rate. When using the OP-27 as a 
unity-gain buffer (follower) a feedback resistor of IkO is 
recommended (see Figure 6). 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 
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FIGURE 7. Low-Noise RIAA Preamplifier. 




FIGURE 8. Unity-Gain Inverting Amplifier. 
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FIGURE 9. High Slew Rate Unity-Gain Inverting 
Amplifier. 
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FIGURE 6. Pulsed Operation. 



FIGURE 10. NAB Tape Head Preamplifier. 
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lOmV/mm 
5mm/s 



A. 741 NOISE WITH CIRCUIT WELL- 
SHIELDED FROM AIR CURRENTS AND 
RFI. (NOTE SCALE CHANGE.) 



B. 0P-07AH WITH CIRCUIT WELL-SHIELDED 
FROM AIR CURRENTS AND RFI 




C. 0PA27AJ WITH CIRCUIT WELL-SHIELDED 
FROM AIR CURRENTS AND RFL 
(REPRESENTS ULTIMATE 0PA27 PER- 
FORMANCE POTENTIAL.) 



D. 0PA27 WITH CIRCUIT UNSHIELDED AND 
EXPOSED TO NORMAL LAB BENCH-TOP 
AIR CURRENTS. (EXTERNAL THERMO- 
ELECTRIC POTENTIALS FAR EXCEED 
0PA27 NOISE.) 



E. 0PA27 WITH HEAT SINK AND SHIELD* 
WHICH PROTECTS INPUT LEADS FROM 
AIR CURRENTS. CONDITIONS SAME AS 
(0). (NOTE IMPROVEMENT.) 

* AVAILABLE FROM BURR-BROWN: 
MODEL 0807HS 



FIGURE 11. Low Frequency Noise Comparison. 
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FIGURE 12. Low Noise Instrumentation Amplifier. 
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FIGURE 13. Hydrophone Preamplifier. 
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RESPONSIVITY « 2.5 X lOVW 
OUTPUT NOISE » 30//V rms. 0.1Hz to 10Hz 

NOTE: USE METAL FILM RESISTORS ANO 
PLASTIC FILM CAPACITOR. 
CIRCUIT MUST BE WELL SHIELDED 
TO ACHIEVE LOW NOISE. 



FIGURE 14. Long-wavelength Infrared Detector 
Amplifier. 
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FIGURE 1 5. High Performance Synchronous 
Demodulator. 



GAIN = -1010V/V 
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0.87nV/VHz it IkHz 
FULL POWER BANDWIDTH » 180kHz 
GAIN BANDWIDTH -- 500MHz 
EQUIVALENT NOISE RESISTANCE »> 50Q 
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FIGURE 16. Ultra-low Noise "N" Stage Parallel 
Amplifier. 



Burr-Brown IC Data Book 



2-37 



Vol 33 





FIGURE 17. Unity-Gain Buffer. 



FIGURE 18. High Slew Rate Unity-Gain Buffer. 
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FIGURE 19. RF Detector and Video Amplifier. 
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FIGURE 20. Balanced Pyroelectric Infrared Detector. 
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FIGURE 21. Magnetic Tachometer. 
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" OPA37HT NOT RECOMMENDED FOR NEW DESIGNS. 



Wide Temperature Range Precision 
OPERATIONAL AIVIPLIFIERS 
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FEATURES 

• FULLY SPECIFIED OVER -55°C to +200°C 

• LOW OFFSET: ±400/iV max at 4-200° C 

• LOW DRIFT: ±0.4/yV/°C 

• ULTRA-LOW NOISE 

• MONOLITHIC 

• HERMETIC TO-99 PACKAGE 

• 100% BURN-IN AT +200°C 

DESCRIPTION 

The OPA27/37HT is an ultra-low noise, high preci- 
sion monolithic operational amplifier. 
Laser trimmed thin-film resistors provide excellent 
long-term voltage offset stability and allow superior 
voltage offset and drift performance. 

The OPA27/37HT are tested and guaranteed over 
an extremely wide temperature range: — 55°C to 
-f200°C. In addition, they have demonstrated an 
ability to withstand a total dose of 2 X 10^ RAD (Si) 
gamma and a neutron fluence of 1 X10'\ IMEV 
equivalent n/cm^ 

The OPA27HT is internally compensated for unity- 
gam stability. The decompensated OPA37HT requires 
a closed-loop gain > 5. 

The Burr-Brown OPA27/'37HT use an industry- 
standard OP27/37 pinout and they can replace 
many existing amplifiers in low-source-impedance 
applications. 



APPLICATIONS 

• DOWN-HOLE INSTRUMENTATION 

• WELL LOGGING 

• ENGINE CONTROLS 

• EXTREMELY SEVERE ENVIRONMENT 

• TRANSDUCER AMPLIFIER 

• RADIATION HARD EQUIPMENT 
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OUTPUT 



0PA27/37HT SIMPLIFIED CIRCUIT 
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SPECIFICATIONS 

ELECTRICAL 

At Vcc = 15VDC, Ta = indicated temperature 



PARAMETER 


CONDITIONS 


+25" C 


-55°CTO+125°C 


+200° C 


UNITS 


MIN 


TYP 


MAX 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


INPUT 1 


NOISE 
























Voltage, fo = 10Hz 


(1) 




31 






85 






5.6 




nV/>/Hz 


fo = 30Hz 


(1) 




29 






4.0 






45 




nV/v<Hz 


fo = 1kHz 


(1) 




2.7 






3.6 






40 




nV/^/^k 


fB = 01Hzto10Hz 






0.07 
















//V, p-p 


Current, fo = 1kHz 






0.4 






0.5 






08 




pA/>/Hz 


OFFSET VOLTAGE'^' 
























Input Offset Voltage 






±25 


±75 




±37 


±200 




±150 


±400 


/iV 


Average Drift'^' 


. TaminIoTamax 
















±0 4 




//V/°C 


Long Term Stability"" 


Ta = +125«'C 




8 
















A/V/kHrs 


Supply Rejection'^' 


±Vcc = 4V to 18V 


100 


134 




94 


127 




94 


127 




dB 




±Vcc = 4V to 18V 




±0.2 . 


±10 




±0.45 


±20 




±0 45 


±20 


fjtWW 


BIAS CURRENT 
























Input Bias Current 






430 


1M 




600 


2//A 




3 4//A 


5fjA 


nA 


OFFSET CURRENT 
























Input Offset Current 






±40 


±180 




±50 


±200 




±300 


±550 


nA 


IMPEDANCE 
























Connmon-Mode 






3 
















GQ 


VOLTAGE RANGE 
























Connmon-Mode Input Range 




±11 


±12.3 




±10.3 


±11 5 




±9 


±11 




V 


Common-Mode Rejection 


V,N = ±10VDC"" 


106 


128 




100 


122 




96 


119 




dB 


OPEN-LOOP GAIN, DC | 


Open-Loop Voltage Gain 


RL>2kfi 
RL>1kn 


120 
116 


126 
125 




109 


120 




104 


113 




dB 
dB 


FREQUENCY RESPONSE | 


Gam-Bandwidth Product 


OPA27HT 




6 






7 






6 




MHz 


Av = 1000V/V 


OPA37HT 




36 






38 






41 




MHz 


Slew Rate 


Vo = ±10V, RL = 2kD 
OPA27HT, G = +1 
OPA37HT. G = +5 




1.9 
11.9 






1.7 
10 






35 
16 




V///S 
V/yus 


Settling Time, 0.01% 


OPA27HT. G = +1 
OPA37HT, G = +5 




25 
25 
















yus 
pis 


RATED OUTPUT | 


Voltage Output 


RL>2kn 


±12 


±13.9 




±11 


±13 8 




±10 5 j ±13 7 




V 


Output Resistance 


DC, open loop 




70 














n 


Short Circuit Current 


Rl = 0O 




35 


60 




25 




15 




mA 


POWER SUPPLY 1 


Rated Voltage 






±15 






±15 






±15 




VDC 


Voltage Range, 
























Derated Performance 




±4 




±18 














VDC 


Current, Quiescent 


lo = OmADC 




3.6 


4.7 




43 


6 




61 


8 


mA 


TEMPERATURE RANGE 


1 


Specification'*' 


Ambient temp. 


-55 




+200 














°C 


Operating (Typical) 


Ambient temp 


-65 




+225 














°c 


Storage 


Ambient temp. 


-65 




+225 














°C 


e Junction-Ambient 






125 
















»C/W 



NOTES (1 ) Noise testing available— inquire (2) Offset voltage specifications on grade HT are also guaranteed with units fully warmed up (3) Unnulled or nulled 
with 8kfi to 20kO potentiometer (4) Long-term yoltage offset vs time trend line does not include warm-up drift (5) Common-mode rejection specified at +200X 
with ViN = ±9VDC (6) 100% tested at -55°C, +25°C and +200''C using forced-air environment +125°C specification is guaranteed by design (7) ±Vcc = 6V to 18V 
at +200°C 
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ABSOLUTE MAXIMUM RATINGS 



ORDERING INFORMATION 



Supply ±18VDC 

Inteirnal Power Drssipation*^' 500mW 

Differential Input Voltage'"" ±07VDC 

Input Voltage Range'^' ±18VDC 

Storage Temperature Range -65°C to +225''C 

Operating Temperature Range -65°C to +225°C 

Lead Temperature (soldering, 10 seconds) +300°C 

Output Short Circuit Duration'^' Continuous 

Junction Temperature +250''C 



NOTES (1) Packages must be derated based on ^jc = 45°C/W or ^ja = 
175°C/W (2) The inputs are protected by back-to-back diodes Current 
limiting resistors are not used in order to achieve low noise If differential 
input voltage exceeds ±0 TV, the input current should be limited to 
25mA (3) Forsupply voltages less than ±18VDC, the absolute maximum 
input voltage is equal to the supply voltage (4) Short circuit may be to 
pov/er supply common only Rating applies to +25°C ambient Observe 
dissipation limit and Tj 

MECHANICAL 



"M" PACKAGE 

NOTE 

Leads in true position within 010" 

( 25mmR)at MMC at seating plane 




TO-99 (Hermetic) 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 

Pin material and plating composi- 
tion conform to Method 2003 (sol- 
derabihty) of MIL-STD-883 (except 
paragraph 3 2) 



DIM 


INCHES 


MILLIMETERS j 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


306 


335 


7 75 


8 51 


C 


165 


IBS 


4 19 


4 70 


D 


016 




041 


53 


6 


010 


040 


25 


1 02 


F 


010 


040 


25 


1 02 


G 


200 BASIC 


6 08 BASIC 1 


H 


028 


034 


71 


86 


J 


029 


046 


74 


1 14 


K 


500 




12 7 




L 


110 


160 


2 79 


406 


M 


45° BASIC 


45° BASIC 


N 


095 1 106 


24, 1 2S7 



Basic Model Number 
Performance Grade - 



OPAXX HT 



HT = -55°C to +200°C 



CONNECTION DIAGRAM 



Z 

CM 

< 

O 



TOP VIEV\/ 




Output 



-Vcc and Case 



(0 

cc 

UJ 



I- 
< 
cc 

UJ 
Q. 
O 



TYPICAL PERFORMANCE CURVES 

Ta = +25° C, Vcc = ±15VDC unless otherwise noted 



OPEN-LOOP FREQUENCY RESPONSE 



INPUT VOLTAGE NOISE SPECTRAL DENSITY 
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COMMON-MODE REJECTION vs FREQUENCY 



POWER SUPPLY REJECTION vs FREQUENCY 
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APPLICATIONS INFORMATION 

These amplifiers are capable of unusually low voltage 
offset and drift and to achieve this ultimate capability, 
attention must be paid to externally generated thermal 
EMF contributions. Dissimilar metal junctions together 
with temperature gradients can generate thermocouple 
voltages that exceed the OPA27/37HT amplifier drift. 
The OPA27/37HT are extremely wide-temperature range 
versions of the standard Burr-Brown OPA27 and OPA37. 
These high-temperature amplifiers do not employ bias 
current cancellation but note that their noise current per- 
formance has not been degraded. 

Eutectic die attach is used exclusively for the OPA27HT 
and OPA37HT. Hermeticity is assured by 100% fine leak 



testing. Units are 100% burned-in for 28 hours at +200°C 
for increased reliability. 



P+Vcc 




±4mV Typical Trim Range 



>-Vcc 
OFFSET TRIM CIRCUIT 
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OPA101 
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Low Noise - Wideband 
PRECISION JFET INPUT OPERATIONAL 

AMPLIFIER 
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LU 



FEATURES 

• GUARANTEED NOISE SPECTRAL DENSITY - 
100% Tested 

• LOW VOLTAGE NOISE - 8nV/>/Hz max at 10kHz 

• LOW VOLTAGE DRIFT - SmV/^C max (B grade) 

• LOW OFFSET VOLTAGE - 250mV max (B grade) 

• LOW BIAS CURRENTS -lOpA max at 
25<>C Ambient |B Grade) 

• HIGH SPEED - lOVZ/xsec min (0PA102) 

• GAIN BANDWIDTH PRODUCT • 40MHz (OPAIOZ) 

DESCRIPTION 

The OPAIOl and OPA102 are the first FET 
operational amplifiers available with noise charac- 
teristics (voltage spectral density) guaranteed and 
100% tested. 

The amplifiers have a complementary set of speci- 
fications permitting low errors in signal conditioning 
applications; low noise, low bias current, high open- 
loop gain, high common-mode rejection, low offset 
voltage, low offset voltage drift, etc. 



APPLICATIONS 

• LOW NOISE SIGNAL CONDITIONING 

• LIGHT MEASURMENTS 

• RADIATION MEASUREMENTS 

• PIN DIODE APPLICATIONS 

• DENSITOMETERS 

• PHOTODIODE/PHOTOMULTIPLIER CIRCUITS 

• LOW NOISE DATA ACQUISITION 



In addition, the amplifiers have moderately high 
speed. The OPAIOl is compensated for unity gain 
stability and has a slew rate of 5V//isec, min. The 
OPA102 is compensated for gains of 3V/V and 
above and has a slew rate of 10V//isec, min. 

Each unit is laser-trimmed for low offset voltage and 
low offset voltage drift versus temperature. Bias 
currents are specified with the units fully warmed up 
at 4-25°C ambient temperature. 
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SPECIFICATIONS 



ELECTRICAL 

Specifications at Ta = +25°C and ±Vcc = ±15VDC unless otherwise noted. 



MODEL 


OPA101/102AM 1 


OPA101/102BM 


1 


PARAMETER 


CONDITION 


MIN 1 TYP 


MAX 


MIN 1 TYP 


MAX 


UNITS 1 


INPUT NOISE 1 


Voltage Noise Density 


fo = 1Hz(i) 




100 


200 




80 


^00 


nV/x/Fir 




fo = 10Hz 




32 


60 




25 


30 


nV/x/HT 




fo = 100Hz 




14 


30 




11 


15 


nV/x/HT 




fo = 1kHz 




9 


15 




a 


12 


nV/vTJT 




fo = 10kHz 




7 


8 




7 


8 


nV/x/HF 




fo = 100kHz 




6.5 


8 




6.5 


8 


nV/x/RF 


fc,1/f Corner Frequency 






125 






100 




Hz 


Voltage Noise 
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ELECTRICAL (CONT) 
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NOTES 'Specifications same as for 0PA1 01/1 02AM. 

1. Parameter is untested and is not guaranteed. This specification is 

established to a 90% confidence level 
2 Minimum stable gam for the OPA102 is 3V/V. 



ABSOLUTE MAXIMUM RATINGS 
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NOTES 




1. Package must be derated according to the details in the | 


Application Information section 




2. For supply voltages less than ±20VDC, the absolute maximum | 


input is equal to the supply voltage 




3. Short-circuit may be to ground only. See discussion of Thermal | 


Model in the Application Information section 
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I SOkft * *Optional to improve 

-Vcc resolution and limit range. 

NOTE: Offset voltage adjustment affects voltage drift vs temperature 
by approximately ±0.3iuV/oC for each 100/xV of offset adjusted. 



3. Time required for output to return from saturation to linear operation 
following the removal of an input overdrive signal 

4 Doubles approximately every 8 5°C 

5 See Typical Performance Curves 
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TYPICAL PERFORMANCE CURVES 



(Ta = +25°C, ±Vcc = ±15VDC, unless otherwise noted. Performance curves apply to both OPA101 and OPA102 unless otherwise noted.) 
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FREQUENCY CHARACTERISTICS 
VS SUPPLY VOLTAGE 
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APPLICATION INFORMATION 

INTRODUCTION 

The availability of detailed noise spectral density charac- 
teristics for the OP A 10 1/102 amplifiers allows an 
accurate noise error analysis in a variety of different 
circuit configurations. The fact that the spectral char- 
acteristics are guaranteed maximums allows absolute 
noise errors to be truly bounded. Other FET amplifiers 
normally use simpler specifications of rms noise in a 
given bandwidth (typically lOHz to lOkHz) and peak-to- 
peak noise (typically specified in the band 0.1 Hz to 
lOHz). These specifications do not contain enough 
information to allow accurate analysis of noise behavior 
in any but the simplest of circuit configurations. 
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FIGURE 1. Noise Model of OPAlOl/ 102. 

Noise in the OPAlOl/ 102 can be modeled as shown in 
Figure 1 . This model is the same form as the DC model 
for offset voltage (Eos) and bias currents (Ib). In fact, if 
the voltage en(t) and currents in(t) are thought of as 
general instantaneous error sources, then they could 
represent either noise or DC offsets. The error equations 
for the general instantaneous model are shown in Figure 
2 below. 




FIGURE 2. Circuit With Error Sources. 



If the instantaneous terms represent DC errors (i.e., 
offset voltage and bias currents) the equation is a useful 
tool to compute actual errors. It is not, however, useful in 
the same direct way to compute noise errors. The basic 
problem is that noise cannot be predicted as a function of 
time. It is a random variable and must be described in 
probabilistic terms. It is normally described by some type 
of average - most commonly the rms value. 



N™s4\/1/Tj;^n'(t)dt (1) 

where Nrms is the rms value of some random variable n(t). 
In the case of amplifier noise, n(t) represents either en(t) 
or in(t). 

The internal noise sources in operational amplifiers are 
normally uncorrelated. That is, they are randomly related 
to each other in time and there is no systematic phase 
relationship. Uncorrelated noise quantities are combined 
as root-sum-squares. Thus, if ni(t), n2(t), and n3(t) are 
uncorrelated then their combined value is 



NtOTAL,„, = \/Nl'rms+NAn,s+N3', 



(2) 



The basic approach in noise error calculations then is to 
identify the noise sources, segment them into conveniently 
handled groups (in terms of the shape of their noise 
spectral densities), compute the rms value of each group, 
and then combine them by root-sum-squares to get the 
total noise. 

TYPICAL APPLICATION 

The circuit in Figure 3 is a common application of a low 
noise FET amplifier. It will be used to demonstrate the 
above noise calculation method. 



FIGURE 3. Pin Photo Diode Application. 



CR 1 is a PIN photo diode connected in the photovoltaic 
mode (no bias voltage) which produces an output current 
i,n when exposed to the light, X. 

A more complete circuit is shown in Figure 4. The values 
shown for Ci and Ri are typical for small geometry PIN 
diodes with sensitivities in the range of 0.5 A/W. The 
value of C2 is what would be expected from stray 
capacitance with moderately careful layout (0.5pF to 
2pF). A larger value of C2 would normally be used to 
limit the bandwidth and reduce the voltage noise at 
higher frequencies. 



v^Equiviient circuit for CR1 



C2 = 1pF 
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FIGURE 4. Noise Model of Photo Diode Application. 
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I n Figure 4, Cn and in represent the amplifier's voltage-and 
current spectral densities, en(ft>) and in((o) respectively. 
These are shown in Figure 5. 
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FIGURE 5. Noise Voltage and Current Spectral Density. 

Figure 6 shows the desired "gain" of the circuit 
(transimpedance of Co/im = ZzCs)). It has a single-pole 
rolloff at f2 = l/(27rR2C2) = (oijlir. Output noise is 
minimized if f2 is made smaller. Normally R2 is chosen for 
the desired DC transimpedance based on the full scale 
input current (i,n full scale) and maximum output (Co 
max). Then C2 is chosen to make f2 as small as possible 
consistent with the necessary signal frequency response. 
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FIGURE 6. Transimpedance. 

Voltage Noise 

Figure 7 shows the noise voltage gain for the circuit in 
Figure 4. It is derived from the equation 



«<' = en[rA^] = e' 



1+Ai8 






|3) 



where: 

A = A(a>) is the open-loop gain 

fi = )8(co) is the feedback factor. It is the amount of 
output voltage feedback to the input of the op amp. 

Afi = A(o>) P{a)) is the loop gain. It is the amount of the 
output voltage feedback to the input and then 
amplified and returned to the output. 
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FIGURE 7. Noise Voltage Gain. 

Note that for large loop gain (A)3»l) 
1 



Co ^* Cn 



/3 



For the circuit in Figure 4 it can be shown that 
1 =1+ MRiCis+1) 

/i R,(R2C2S+1) 



This may be rearranged to 

'J ~ R, T2S + 1 



where ra = (Ri || R2)(C, || C2) 



= [Rfi^;<C' + c^) 



and 72 = R2C2 



Then, fa = -z and f2 = r-^- 

27rra 27rr2 



(4) 
(5) 

(5a) 

(5b) 

(5c) 
(5d) 



For very low frequencies (f«fa), s approaches zero and 
equation 5 becomes 

(6) 
13 R, 



For very high frequencies (f»f2), s approaches infinity 
and equation 5 becomes 

(7) 
1 Ci 
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The noise voltage spectral density at the output is 
obtained by multiplying the amplifier's noise voltage 
spectral density (Figure 5a) times the circuits noise gain 
(Figure 7). Since both curves are plotted on log-log scales 
the multiplication can be performed by the addition of 
the two curves. The result is shown ih Figure 8. 
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FIGURE 8. Output Noise Voltage Spectral Density. 
The total rms noise at the amplifier's output due to the 
amplifier's internal voltage noise is derived from the eo(co) 
function in Figure 8 with the following expression: 



V 



/.oi^ eo'(a>)da> 



(8) 



It is both convenient and informative to calculate the rms 
noise using a piecewise approach (region-by-region) for 
each of the four regions indicated in Figure 8. 
Region I; fi = 0.01 Hz to fc = lOOHz 



En, rm; = K, ( 1 + -^ ) Vln(fc/ fl) 




(9) 



(9a) 



This region has the characteristic of 1 /f or "pink" noise 
(slope of -lOdB per decade on the log-log plot of en(a>)). 
The selection of 0.01 Hz is somewhat arbitrary but it can 
be shown that for this example there would be only 
negligible additional contribution by extending fi several 
decades lower. Note that Ki(l + R2/R1) is the value of eo 
atf= IHz. 

Region 2; fc = lOOHz to fa = 673Hz 



En2 rms — K2 ( I + -T— ) V fa-fc 

Ki 

10\ 



= 8nV/x/H7(l +j^ ) V 673 - 100 
= 0:2VV 



(10) 
(10a) 



This is a region of "white" noise which leads to the form 
of equation (10). 

Region 3; fa = 673Hz to fi = 15.9kHz 



En3 rms — K2 • K.3 \/ i- / 1 1 \ 

= 8„V/.mi(..63xlO-')x^lpOfpZ(,,a) 
= 15.1)uV 

This is the region of increasing noise gain (slope of 
+20dB/ decade on the log-log plot) caused by the lead 
network formed by the resistance Ri || R2 and the capaci- 
tance (Ci + C2). Note that K3 • K2 is the value of the Co (a>) 
function for this segment projected back to 1 Hz. 

Region 4; f> 15.9kHz 

E„4 rms = K2 (1 + ~ ) ^/[^]h-i2 (,2) 

= 8nV/N/H5(l+^)y[f.j380k. 15.9k (12a) 
= 158.5mV 

This is a region of white noise with a single order rolloff at 
fs = 380kHz caused by the intersection of the \/ ft curve 
and the open-loop gain curve. The value of 380kHz is 
obtained from observing the intersection point of Figure 
7. The ;r/2 applied to U is to convert from a 3dB corner 
frequency to an effective noise bandwidth. 

Current Noi$e 

The output voltage component due to current noise is 
equal to: 

En.= inXZ2(s) (13) 

where Z2(s) = R2 || Xc^ (13a) 

This voltage may be obtained by combining the in- 
formation from figures 5 (b) and 6 together with the open 
loop gain curve of Figure 7. The result is shown in Figure 
9 below. 
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FIGURE 9. Output Voltage Due to Noise Current. 

Using the same techniques that were used for the voltage 
noise: 

Region 1; 0.1 Hz to lOkHz 
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En.i=1.4x lO'V lOk-0.1 

= 1.4mV 
Region 2; lOkHzto 15.9kHz 

En,2 = 1 .4 : 

Region 3; f> 15.9kHz 



(14) 



,2 /(15.9k)' (10k)' 



En.3 = 2.2 X 10"' y^Y 380k -15.9k 
= 16.8mV 



(1 4a) 



(I4b) 



(1 4c) 



En, total = 10"^ V (1.4)' +(1.4)' +(16.8)' 
= 16.9mV™s 



Resistor Noise 

For a complete noise analysis of the circuit in Figure 4, 
the noise of the feedback resistor, R2, must also be 
included. The thermal noise of the resistor is given by: 

Er rms = V 4kTRB (15) 

K = Boltzmann's constant = 1.38 x 10"" 
Joules/°Kelvin 

T = Absolute temperature (degrees Kelvin) 

R = Resistance (ohms) 

B = Effective noise bandwidth (Hz) (ideal filter 
assumed) 

At 25°C this beco mes 
Er rms « 0.13 V RB 
Er rms in /uV 
RinMO 
Bin Hz 



For the circuit in Figure 4 
R2= 10^n= lOMH 



B = Y(f2)=Y 15.9k 

Then 

Er rms = (41 InV/x/Hz) x/b" 

= (411nV/VHl) y y 15.9kHz 



= 64.9/iV rms 

Total Noise 

The total noise may now be computed from 



En total = V Enl' + En2' + Ens' + En4' + EnR^ + Eni' ( 1 6) 

= VO.267' + 0.21' + 15.1' + 158.5' + 64.9' + 16.9' (16a) 
= V0.07 + 0.04 + 228 + 25122 + 4212 + 286 (16b) 

= 173/xV rms 



Conclusions 

Examination of the results in equation (16b) together 
with the curves in Figure 8 leads to some interesting 
conclusions. In this example 84% of the noise comes from 
En4. From Figure 8 it is seen that this is the area beyond 
the pole formed by R2 and C2. 

The En4 contribution could be reduced several ways. The 
most common method is to increase C2. This reduces fz 
and the value of K2(l + C1/C2) (see Figure 8). It also 
reduces the signal bandwidth (see Figure 6) and the final 
value of C2 is normally a compromise between noise gain 
and necessary signal bandwidth. 

It should be noted that increasing C2 will also affect fa 
since fa is determined by (Ci + C2) (see equation (5b)). 
Normally C2 is larger than Ci and f2 will change more 
than for a given change in C2. 

The other means of reducing the noise in region 4 
involves changing amplifier parameters. For example, 
the use of a slower amplifier would move the open-loop 
gain curve to the left and decrease f3. Of course, reducing 
the value of K2, the noise floor, would also reduce the 
noise in this region. 

The second largest component is the resistor noise EnR 
(14% of the total noise). A lower resistor value decreases 
resistor noise as a function of vR, but it also lowers the 
desired signal gain as a direct function of R. Thus, 
lowering R reduces the signal-to-noise ratio at the output 
which shows that the feedback resistor should be as large 
as possible. The noise contribution due to R2 can be 
decreased by raising the value of C2 (lowering f2) but this 
reduces signal bandwidth. 

It is interesting to note that the current noise of the 
amplifier accounted for only 1% of the total En. This is 
different than would be expected when comparing the 
current and voltage spectral densities with the size of the 
feedback resistor. For example, if we define a char- 
acteristic value of resistance as 



!R-tf=10kHz (17) 



Rcf 



^ 8nV/VHz 
\A{A/^/Hz 

= 5.7Mn 

Thus, in simple transimpedance circuits with feedback 
resistors greater than the characteristic value, the 
amplifier's current noise would cause more output noise 
than the amplifier's voltage noise. Based on this and the 
lOMn feedback resistor in the example, the amplifier 
noise current would be expected to have a higher 
contribution than the noise voltage. The reason it does 
not in the example of Figure 4 is that the noise voltage has 
high gain at higher frequencies (Figure 7) and the noise 
current does not (Figure 6). 

The fourth largest component of total noise comes from 
En3 (0.8%). Decreasing Ci will also lower the term K2( 1 + 
C1/C2). In this case, f2 will stay fixed and fa will move to 
the right (i.e., the+20dB/ decade slope segment will move 
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to the right). This can have a significant reduction on 
noise without lowering the signal bandwidth. This points 
out the importance of maintaining low capacitance at the 
amplifier's input in low noise applications. 

Shielding and Guarding 

The low noise, low bias current and high input impedance 
of the OPAlOl/102 are well suited to a number of 
precision applications. In order to fully benefit from the 
outstanding specifications of this unit, careful layout, 
shielding, and guarding are required. Careless signal 
wiring or printed circuit board layout can easily degrade 
circuit performance several orders of magnitude below 
the capability of the OPAlOl/ 102. 

As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. The metal case of theOPAlOl / 102 is connected 
to pin 8 and is not connected to any internal amplifier 
circuitry. Thus it is possible to use the case as a shield to 
reduce noise pickup. 

Unless care is used, leakage currents across printed circuit 
boards can easily exceed the bias current of the OP A 101/ 
102. To avoid leakage problems, it is recommended that a 
Teflon IC socket be used or that at least the signal input 
lead of the amplifier be wired to a Teflon standoff. If this 
is not done and instead the OPAlOl / 102 is to be soldered 
directly into a printed circuit board, utmost care must be 
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Board layout for input Guarding witli TO-OQ Pacicage. 



FIGURE 10. Connection of Case Guard and Input Guard. 
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used in planning the board layout. A "guard" pattern 
should completely surround the two amplifier input leads 
and should be connected to a low impedance point which 
is at the signal input potential (see Figure 10). The 
amplifier case, pin 8, should also be connected to the 
guard. This insures that the entire amplifier circuitry is 
fully surrounded by the guard potential. This minimizes 
the voltage placed across any leakage paths and thus 
reduces leakage currents. In addition, noise pickup is also 
reduced. 

Figures 11, 12, and 1 3 show typical applications using the 
guard and case shielding. 

Cleanliness is also a prime concern in low bias current 
circuits. It is recommended that after installation is 
complete the assembly be washed with a low residue 
solvent such as TMC Freon followed by rinsing with 
deionized water. The use of some form of high dielectric 
conformal coating such as a good two-part urathane 
should be considered if the assembly will be used in air 
environment which could deposit contaminants on the 
low current circuitry. 




FIGURE 12. Ultra-High Input Impedance Noninverting 
Circuit. 




FIGURE 11. Ultra-Low Current to Voltage Converter. 



FIGURE 13. Low Drift Integrator. 



Thermal Model 

Figure 14 is the thermal model for the OP A 10 1/102 where: 

Tj = Junction temperature (output load) 

Tj* = Junction temperature (no load) 

Tc = Case temperature 

Ta = Ambient temperature 

0CA = Thermal resistance, case-to-ambient 
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^Hs = Effective thermal resistance of the heat sink 
Pdq = Quiescent power dissipation 

I +Vcc| Kquiescent + I -Vcc| I- quiescent 
Pux = Power dissipation in the output transistor 

= (VoUT - Vcc) loUT 

(In a complementary output stage only one output 
transistor is conducting current at a time.) 



INTERNAL POWER DISSIPATION 



PD0(i) 



$2 = 85«^/W 



-VA 

= 75«>C/W 



225*»C/W 



0CA = 150^/W 



(*)Pdx 



FIGURE 14. OPAlOl/ 102 Thermal Model 

This model is obviously not the simple one-power source 
model used with most linear integrated circuits. It is, 
however, a more accurate model for multichip hybrid 
integrated circuits where the quiescent power is dissipated 
in the input stage and the internal power dissipation due 
to the load is dissipated in a somewhat physically 
separated output stage. 

The model in Figure 14 must be used in conjunction with 
theOPAlOl / 102's absolute maximum ratings of internal 
power dissipation and junction temperature to determine 
the derated power dissipation capability of the package. 
As an example of how to use this model, consider this 
problem: Determine the output transistor junction tem- 
perature when the output has its maximum load resistance 
and is operated at the worst-case output voltage con- 
ditions. Assume Vcc = ±15VDC and Ta = 25°C. 
Maximum Pdx occurs where Vout = l/2Vcc. Then 



(Veer 

4Rload 



(18) 



T, = Ta + Pdq [192 + (Ohs \\ (9ca)] 

+ Pdx[(9i+(92+«9hs||(9ca)] (19) 

where (dm || Oca) = ^J^^ = 90°C/ W 

Substituting appropriate values yields 

Tj = 25" + (30V X 8mA)[85^C/W + 90^/ W] 

+ -1^ — [75"C/W + 85T/W + 90"C/W] 

4 X ikn 

= 25X + 42"C + 14"C = Ta + 56"C 

= 8rc 

The conclusion is that under a worst-case output voltage 
condition and with a IkH load the junction temperature 
rise is 56"C above ambient. Thus, under these conditions, 
the device could be operated in an ambient up to 1 19"C 
without exceeding the 1 75"C junction temperature rating. 

A similar analysis for conditions of the output short- 
circuited to ground where 

Pdx ss = Vcc I(output hmit) (20) 

shows that the maximum junction temperature rating of 
175"C is exceeded. Thus, the output should not be 
shorted to ground for sustained periods of time. 



HEAT SINK 

The heat sink used on the OPAIOl/ 102 should not be 
removed. It has the effect of reducing the package 
thermal resistance from 1 50"C/ W to about 90"C per watt. 
Removing the heat sink would naturally increase the 
junction temperature of the amplifier which would in 
turn raise the input bias current. The change in thermal 
resistance also affects the noise performance. Removing 
the heat sink would increase the noise in the 1 /f region. 
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FEATURES 

• LOW NOISE: 100% tested, 8nV/v/Hz max at 10kHz 

• LOW BIAS CURRENT: IpA max 

• LOW OFFSET: 250a/V max 

• LOW DRIFT: 1/iV/oC max 

• HIGH OPEN-LOOP GAIN: 120dB min 

• HIGH COIVIIVION-IVIODE REJECTION: lOOdB min 



DESCRIPTION 

The OPAlll is a precision monolithic dielectrically- 
isolated FET {U/Zcf®) operational amplifier. Out- 
standing performance characteristics allow its use in 
the most critical instrumentation applications. 

Noise, bias current, voltage offset, drift, open-loop 
gain, common-mode rejection, and power supply 
rejection are superior to BIFET® amplifiers. 
Very-low bias current is obtained by dielectric isola- 
tion with on-chip guarding. 

Laser trimming of thin-film resistors gives very-low 
offset and drift. Extremely-low noise is achieved 
with new circuit design techniques (patented). A new 
cascode design allows high precision input specifica- 
tions and reduced susceptibility to flicker noise. 

Standard 741 pin configuration allows upgrading of 
existing designs to higher performance levels. 



BIFET ©National Semiconductor Corp., £?//(ei® Burr-Brown Corp. 



APPLICATIONS 

• PRECISION INSTRUMENTATION 

• DATA ACQUISITION 

• TEST EQUIPMENT 

• OPTOELECTRONICS 

• MEDICAL EQUIPMENT-CAT SCANNER 

• RADIATION HARD EQUIPMENT 



CASF AND SUBSTRATE 




0PA111 SIMPLIFIED CIRCUIT 
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SPECIFICATIONS 



ELECTRICAL 

At Vcc = ±15VDC and Ta = +25° C unless otherwise noted. Pin 8 connected to ground. 



PARAMETER 


CONDITIONS 


0PA111AM 


0PA111BM 


0PA111SM 


UNITS 


MIN ! 


TVP 


MAX 


MIN 


TYP 


MAX 


MIN 


TVP 


MAX 


INPUT 1 


NOISE 
























Voltage, fo = 10Hz 


100% tested 




40 


80 




30 


60 




40 


80 


nV/x/Hz 


fo = 100Hz 


100% tested 




15 


40 




11 


30 




15 


40 


nV/x/Hz 


fo = 1kHz 


100% tested 




8 


15 




7 


12 




8 


15 


nV/VHz 


fo = 10kHz 


100% tested 




6 


8 




6 


8 




6 


8 


nV/x/Hz 


fe = 10Hz to 10kHz 


100% tested 




0.7 


12 




06 


1.0 




0.7 


1 2 


//V, rms 


fB = 01Hz to 10Hz 


(1) 




16 


33 




1 2 


25 




16 


3.3 


^\J, p-p 


Current. fB = 01Hz to 10Hz 


(1) 




95 


15 




75 


12 




95 


15 


f A, p-p 


fo = 01Hz thru 20kHz 


(1) 




05 


08 




04 


06 




05 


08 


fA/x/Hz 


OFFSET VOLTAGE'^' 
























Input Offset Voltage 


Vcm = OVDC 




±100 


±500 




±50 


±250 




±100 


±500 


/wV 


Average Drift 


Ta = Tmin to Tmax 




±2 


' ±5 




±0 5 


±1 




±2 


±5 


yuvrc 


Supply Rejection 


Vcc-±10VtO±18V 


90 


110 




100 


110 




90 


110 




dB 








±3 


±31 




±3 


±10 




±3 


±31 


HMN 


BIAS CURRENT'^' 
























Input Bias Current 


Vcm = OVDC 




±0 8 


±2 




±0 5 


±1 




±0 8 


±2 


pA 


OFFSET CURRENT'2' 
























Input Offset Current 


Vcm = OVDC 




±0 5 


±1 5 




±0 25 


±0 75 




±0.5 


±15 


pA 


IMPEDANCE 
























Differential 






10'" II 1 






10'^ II 1 






lO'^* II 1 




OIJpF 


Common-Mode 






10^" II 3 






10^" II 3 






10^' II 3 




nijpF 


VOLTAGE RANGE 
























Common-Mode Input Range 




±10 


±11 




±10 


±11 




±10 


±11 




V 


Common-Mode Rejection 


V,N = ±10VDC 


90 


110 




100 


110 




90 


110 




dB 


OPEN-LOOP GAIN. DC | 


Open-Loop Voltage Gam 


Rl > 2kQ 


114 


125 




120 


125 




114 


125 




OB 


FREQUENCY RESPONSE | 


Unity Gam, Small Signal 






2 






2 






2 




MHz 


Full Power Response 


20V p-p, Rl = 2k 


16 


32 




16 


32 




16 


32 




kHz 


Slew Rate 


Vo = ±10V, Rl = 2k 


1 


2 




1 


2 




1 


2 




V///sec 


Settling Time, 1% 


Gain = -1,RL = 2k 




6 






6 






6 




//sec 


01% 


10V step 




10 






10 






10 




//sec 


Overload Recovery, 
























50% Oyerdrive'3' 


Gam = -1 




5 






5 






5 




//sec 


RATED OUTPUT | 


Voltage Output 


Rl = 2kO 


±11 


±12 




±11 


±12 




±11 


±12 




V 


Current Output 


Vo = ilOVDC 


±5 5 


±10 




±5 5 


±10 




±5 5 


±10 




mA 


Output Resistance 


DC, open loop 




100 






100 






100 




Q 


Load Capacitance Stability 


Gam = +1 




1000 






1000 






1000 




PF 


Short Circuit Current 




10 


40 




10 


40 




10 


40 




mA 


POWER SUPPLY 1 


Rated Voltage 






±15 






±15 






±15 




VDC 


Voltage Range, 
























Derated Performance 




±5 




±18 


±5 




±18 


±5 




±18 


VDC 


Current, Quiescent 


lo = OmADC 




25 


35 




2.5 


35 




2.5 


35 


mA 


TEMPERATURE RANGE | 


Specification 


Ambient temp 


-25 




+85 


-25 




+85 


-55 




+125 


°C 


Operating 


Ambient temp 


-55 




+125 


-55 




+125 


-55 




+125 


°C 


Storage 


Ambient temp 


-65 




+150 


-65 




+150 


-65 




+150 


°C 


5 Junction-Ambient 






200 






200 






200 




°C/W 



NOTES. (1) Sample tested— this parameter is guaranteed. (2) Offset voltage, offset current, and bias current are measured with the units fully warmed 
up (3) Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive. 
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ELECTRICAL [FULL TEMPERATURE RANGE SPECIFICATIONS] 

At Vcc = ±15VDC and Ta = Tmin to Tmax unless otherwise noted. 



PARAMETER 


CONDITIONS 


0PA111AM 


0PA111BM 


0PA111SM 


UNITS 




MIN 


TYP 


MAX 


MIN 


TVP 


MAX 


MIN 


TYP 


MAX 




TEMPERATURE RANGE 


T- 


Specification Range 


Ambient temp 


-25 




+85 


-25 




+85 


-55 




+125 


"C 


Y^ 


INPUT 
























< 


OFFSET VOLTAGE"' 

Input Offset Voltage 
Average Drift 
Supply Rejection 


Vcm = OVDC 
Vcc-±10Vto±18V 


86 


±220 

±2 
100 
±10 


±1000 

±5 

±50 


90 


±110 
±0 5 
100 
±10 


±500 

±1 

±32 


86 


±300 
±2 
100 
±10 


±1500 
±5 

±50 


A/V 
yuV/°C 

dB 
/uV/V 


Q. 
O 


BIAS CURRENT"' 

Input Bias Current 


Vcm = OVDC 




±50 


±250 




±30 


±130 




±820 


±4100 


pA 


a 


OFFSET CURRENT" 

Input Offset Current 


Vcm = OVDC 




±30 


±200 




±15 


±100 




±510 


±3100 


pA 


(0 

jJJ 


VOLTAGE RANGE 

Common-Mode Input Range 
Common-Mode Rejection 


V,N = ±10VDC 


±10 
86 


±11 
100 




±10 
90 
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NdTES (1 ) Offset voltage, offset current, and bias current are measured with the units fully warmed up. 

MECHANICAL "M" PACKAGE TO-99 (Hermetic) 



NOTE 

Leads in true position within .010" 

( 25mmR)at MMC at seating plane 




Pin numbers shown for reference 
only. Numbers may not be marked 
on package ' 

Pin material and plating composi- 
tion conform to Method 2003 (sol- 
derability) of MIL-STD-883 (except 
paragraph 3.2) 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 
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8 51 
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8 51 
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ORDERING INFORMATION 



Model 


Package 


Range 


Offset Voltage, 

max(^V) 


OPA111AM 
OPA111BM 
0PA111SM 


TO-99 
TO-99 
TO-99 


-25'»Cto+85''C 
-25'»Cto+85'»C 
-55°Cto+125**C 


±500 
±250 
±500 


BURN-IN SCREENING OPTION | 


Model 


Package 


Range 


Bum-In 
Temp. (160h)"* 


0PA111AM-BI 
0PA111BM-BI 
OPA111SM-BI 


TO-99 
TO-99 
TO-99 


-25»C to +85»C 
-25'C to +85»C 
-25X to +85»C 


+125«C 
+125*0 
+125X 



NOTE: (1) Or equivalent combination of time and temperature. 
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ABSOLUTE MAXIMUM RATINGS 



Supply ±18VDC 

Internal Power Dissipation"' 500mW 

Differential Input Voltage'^' ±36VDC 

Input Voltage Range'^' ±18VDC 

Storage Temperature Range -65° C to +150° C 

Operating Temperature Range -55° C to +125° C 

Lead Temperature (soldering, 10 seconds) +300°C 

Output Short Circuit Duration'^' Continuous 

Junction Temperature +175°C 



NOTES 

(1) Packages must be derated based on &jc = 150°C/W or &ja = 300° C/W 

(2) For supply voltages less than ±18VDC the absolute maximum input 
voltage is equal to +18V > Vin > -Vcc -6V. See Figure 2 

(3) Short circuit may be to power supply common only Rating applies to 
+25° C ambient Observe dissipation limit and Tj 



TYPICAL PERFORMANCE CURVES 

Ta = +25° 0, Vcc = ±15VDC unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES [CONT] 

Ta = +25° C, Vcc = ±15VDC unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES [CONT] 

Ta = +25° C, Vcc = ±15VDC unless otherwise noted 
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APPLICATIONS 
INFORMATION 

OFFSET VOLTAGE ADJUSTMENT 

The OPAlll offset voltage is laser-trimmed and will 
require no further trim for most applications. As with 
most amplifiers, externally trimming the remaining offset 
can change drift performance by about 0.3/liV/°C for 
each lOOjLiV of adjusted offset. Note that the trim (Figure 
1) is similar to operational amplifiers such as 741 and 
AD547. The OPAlll can replace most other amplifiers 
by leaving the external null circuit unconnected. 
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±10mV TYPICAL 
TRIM RANGE 

*10KQ TO IMO 
TRIM POTENTIOMETER 
(lOOkQ RECOMMENDED) 



FIGURE 1. Offset Voltage Trim. 

INPUT PROTECTION 

Conventional monolithic FET operational amplifiers 
require external current-limiting resistors to protect their 
inputs against destructive currents that can flow when 
input FET gate-to-substrate isolation diodes are forward- 
biased. Most BIFET amplifiers can be destroyed by the 
loss of — Vcc 

Unlike BIFET amplifiers, the I^/fef OPAlll requires 
input current limiting resistors only if its input voltage is 
greater than 6 volts more negative than =Vcc. A lOkO 
series resistor will limit input current to a safe level with 
up to ± 15V input levels even if both supply voltages are 
lost. 
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Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
device. In precision operational amplifiers (both bipolar 
and FET types), this may cause a noticeable degradation 
of offset voltage and drift. 

Static protection is recommended when handling any 
precision IC operational amplifier. 

GUARDING AND SHIELDING 

As in any situation where high impedances are involved, 
careful shielding is rquired to reduce "hum" pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias curent of the OPAlll. To avoid leakage 
problems, it is recommended that the signal input lead of 
the OPAlll be wired to a Teflon standoff If the OPAlll 
is to be soldered directly into a printed circuit board, 
utmost care must be used in planning the board layout. 
A "guard" pattern should completely surround the high 
impedance input leads and should be connected to a low 
impedance point which is at the signal input potential. 
The amplifier case should be connected to any input 
shield or guard via pin 8. This insures that the amplifier 
itself is fully surrounded by guard potential, minimizing 
both leakage and noise pickup (see Figure 3). 
If guarding is not required, pin 8 (case) should be 
connected to ground. 




BOARD LAYOUT 

FOR INPUT GUARDING 

Guard top and bottom of board. 

Alternate: use Teflon® standoff 

for sensitive Input pins. 

Teflon® E I. Du Pont de Nemours & Co 



FIGURE 2. Input Current vs Input Voltage with ±Vcc 
Pins Grounded. 



FIGURE 3. Connection of Input Guard. 

NOISE: FET VERSUS BIPOLAR 

Low noise circuit design requires careful analysis of all 
noise sources. External noise sources can dominate in 
many cases, so consider the effect of source resistance on 
overall operational amplifier noise performance. At low 
source impedances, the lower voltage noise of a bipolar 
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operational amplifier is superior, but at higher impedan- 
ces the high current noise of a bipolar amplifier becomes 
a serious liability. Above about ISkCl the OP All! will 
have lower total noise than an OP-27 (see Figure 4). 




10k 100k 

Source Resistance (R.), Q 



FIGURE 4. Voltage Noise Spectral Density Versus 
Source Resistance. 

BIAS CURRENT CHANGE VERSUS 
COMMON-MODE VOLTAGE 

The input bias currents of most popular BIFET opera- 
tional amplifiers are affected by common-mode voltage 
(Figure 5). Higher input FET gate-to-drain voltage 
causes leakage and ionization (bias) currents to increase. 
Due to its cascode input stage, the extremely-low bias 
current of the OPAlll is not compromised by common- 
mode voltage. 
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FIGURE 5. Input Bias Current Versus Common-Mode 
Voltage. 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

APPLICATIONS CIRCUITS 

.Figures 6 through 18 are circuit diagrams of various 
applications for the OPAlll. 
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«^ tsr NOTE: PYROELECTRIC DETECTORS RESPOND 
TO RATE-0FCHAN6E (AC SIGNAL) ONLY 



FIGURE 6. Pyroelectric Infrared Detector. 




So -« 1200mVOC///W 
VIDEO BANDWIDTH: DC to SOkHz 



FIGURE 7. Zero-Bias Schottky Diode Square-Law 
RF Detector. 
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FIGURE 8. Computerized Axial Tomography (CAT) 
Scanner Channel Amplifier. 
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FIGURE 9. High Impedance (lO'^n) Amplifier. 
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' -15V 



CIRCUIT MUST BE 
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FIGURE 10. Sensitive Photodiode Amplifier. 
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WITH NO OFFSET ADJUST 
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FIGURE 11. 60Hz Reject Filter. 
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FIGURE 12. Piezoelectric Transducer Charge Amplifier. 




FIGURE 13. RIAA Equalized Phono Preamplifier. 
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FIGURE 14. High Sensitivity (under InW) Fiber Optic 
Receiver for 9600 Baud Manchester Data. 




FIGURE 15. 0.6Hz Second Order Low-Pass Filter. 
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Av = -1010 

en = 1.9nV/>yiiz TYP* AT lOkHz 

BW = 30kH2 TYP 

GBW = 30.3 MHz TYP 

Vos = ±16a(V TYP* 

AVos/AT = ±0.16a/V/°C TYP* 

Ib = lOpA max 

Z,N « lO^'fi II 30pF 



'THEORETICAL PERFORMANCE 
ACHIEVEABLE FROM 0PA111BM 
WITH UNCORRELATEO RANDOM 
DISTRIBUTION OF PARAMETERS. 



N = 10 OPAIIIBM 



OUTPUT 



FIGURE 16. 'N' Stage Parallel-Input Amplifier For Reduced Relative Amplifier Noise At The Output. 



-IN O- 



lOlfi > R< 




+IN O- 





DIFFERENTIAL VOLTAGE GAIN = 1 + 2Rf/Rg 



i * O OUTPUT 
■ fi 



FIGURE 17. FET Input Instrumentation Amplifier. 
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O OUTPUT 



< 
QL 
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0.01/iF POLYSTYRENE 



DROOP ~ 100/uV/sec 



REVERSE POLARITY FOR NEGATIVE 
PEAK DETECTION 



F 



FIGURE 18. Low-Droop Positive Peak Detector. 
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BURR -BROWN® 




0PA121 



Low Cost Precision U/fci^ 
OPERATiONAL AIVIPLIFIER 



FEATURES 

• LOW NOISE: 6nV/>/Hz typ at lOkHz 

• LOW BIAS CURRENT: 5pA max 

• LOW OFFSET: 2mV max 

• LOW DRIFT: 3//V/°C typ 

• HIGH OPEN-LOOP GAIN: IIOdB min 

• HIGH COMMON-MODE REJECTION: 86dB min 

DESCRIPTION 

The OPA121 is a precision monolithic dielectrically- 
isolated FET {iJ/fd®) operational amplifier. 
Outstanding performance characteristics are now 
available for low-cost applications. 
Noise, bias current, voltage offset, drift, open-loop 
gain, common-mode rejection, and power supply 
rejection are superior to BIFET® amplifiers. 

Very low bias current is obtained by dielectric isola- 
tion with on-chip guarding. 

Laser-trimming of thin-film resistors gives very low 
offset and drift. Extremely low noise is achieved 
with new circuit design techniques (patented). A new 
cascode design allows high precision input specifica- 
tions and reduced susceptibility to flicker noise. 
Standard 741 pin configuration allows upgrading of 
existing designs to higher performance levels. 

BIFET® National Semiconductor Corp., iJ/fcf® Burr-Brown Corp. 



APPLICATIONS 

• OPTOELECTRONICS 

• DATA ACQUISITION 

• TEST EQUIPMENT 

• MEDICAL EQUIPMENT 

• RADIATION HARD EQUIPMENT 



CASE (TO-99) AND SUBSTRATE 




0PA121 SIMPLIFIED CIRCUIT 



International Airport Industrial Park - P.O. Box 11400 - Tucson, Arizona 85734 - Tel. (602) 746-111 1 - Twx- 910-952-1111 - Cable: BBRCORP - Telex: 66-6 
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SPECIFICATIONS 



ELECTRICAL 

At Vcc = ±15VDC and Ta = +25° unless otherwise noted. Pin 8 connected to ground. 



PARAMETER 


CONDITIONS 


0PA121KM 


0PA121KP/KU 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


INPUT 1 


NOISE 


















Voltage, to = 10Hz 






40 






50 




nV/\/Hz 


fo = 100Hz 






15 






18 




nV/s/Hz 


to = 1kHz 






8 






10 




nV/v/Hz 


to ^ 10kHz 






6 






7 




nV/\/Hz 


fa = 10Hz to 10kHz 






07 






08 




/iVrms 


fe = 01Hz to 10Hz 






1.6 






2 




/^Vp-p 


Current, fe = 01Hz to 10Hz 






15 






21 




f A. p-p 


fo = 01Hz thru 20kHz 






08 






1 1 




fA/s/Hz 


OFFSET VOLTAGE'"' 


















Input Offset Voltage 


VcM = OVDC 




±0.5 


±2 




±0.5 


±3 


mV 


Average Drift 


Ta = Tm.n to Tmax 




±3 


±10 




±3 


±10 


fdWrC 


Supply Rejection 




86 


104 




86 


104 




dB 








±6 


±50 




±6 


±50 


^MN 


BIAS CURRENT'"' 


















Input Bias Current 


VcM = OVDC 
Device Operating 




±1 


±5 




±1 


±10 


pA 


OFFSET CURRENT'"' 


















Input Offset Current 


VcM = OVDC 
Device Operating 




±0 7 


±4 




±0 7 


±8 


pA 


IMPEDANCE 


















Differential 






10'^ II 1 






10'=" II 1 




fillpF 


Common-Mode 






10^^ II 3 






10^" 11 3 




OIlpF 


VOLTAGE RANGE 


















Common-Mode Input Range 




±10 


±11 




±10 


±11 




V 


Common-Mode Rejection 


V,N = +10VDC 


86 


104 ^ 




82 


100 




dB 


OPEN-LOOP GAIN, DC | 


Open-Loop Voltage Gam 


Ru > 2kO 


110 


120 




106 


114 




dB 


FREQUENCY RESPONSE | 


Unity Gam, Small Signal 






2 






2 




MHz 


Full Power Response 


20V p-p. Rl = 2kfi 




32 






32 




kHz 


Slew Rate 


Vo = ±10V. Rl = 2kfi 




2 






2 




y/fjs 


Settling Time, 1% 


Gain = -1,RL = 2kO 




6 






6 




fJS 


01% 


10V step 




10 






10 




US 


Overload Recovery. 


















50% Overdrive'^' 


Gam = -1 




5 






5 




/US 


RATED OUTPUT | 


Voltage Output 


Rl = 2kfi 


±11 


±12 




±11 


±12 




V 


Current Output 


Vo = ±10VDC 


±5 5 


±10 




±5 5 


±10 




mA 


Output Resistance 


DC, open loop 




100 






100 




fi 


Load Capacitance Stability 


Gam = +1 




1000 






1000 




PF 


Short Circuit Current 




10 


40 




10 


40 




mA 


POWER SUPPLY 1 


Rated Voltage 






±15 






±15 




VDC 


Voltage Range. 


















Derated Performance 




±5 




±18 


±5 




±18 


VDC 


Current. Quiescent 


lo = OmADC 




2.5 


4.0 




2.5 


4.5 


mA 


TEMPERATURE RANGE | 


Specification 


Ambient temp 







+70 







+70 


°C 


Operating 


Ambient temp. 


-40 




+85 


-25 




+85 


'C 


Storage 


Ambient temp. 


-65 




+150 


-55 




+125 


"C 


d Junction-Ambient 






200 






150'-" 




°C/W 



NOTES (1) Sample tested (2) Offset voltage, offset current, and bias current are specified with the units fully warmed up (3) Overload recovery is 
defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive (4) 100X/W for 
KU grade 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

At Vcc = +15VDC and Ta = Tmin to Tmax unless otherwise noted 



PARAMETER 


CONDITIONS 


0PA121KM 


0PA121KP/KU 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


TEMPERATURE RANGE | 


Specification Range 


Ambient temp 







+70 







+70 


"C 


INPUT 1 


OFFSET VOLTAGE'^' 

Input Offset Voltage 
Average Drift 
Supply Rejection 


VcM = OVDC 


82 


±1 
±3 
94 
±20 


±3 
±10 

±80 


82 


±1 
±3 
94 
±20 


±5 
±10 

±80 


mV 

txM/°C 

dB 


BIAS CURRENT"' 

Input Bias Current 


VcM = OVDC 
Device operating 




±23 


±115 




±23 


±250 


pA 


OFFSET CURRENT"' 

Input Offset Current 


VcM = OVDC 
Device operating 




±16 


±100 




±16 


±200 


pA 


VOLTAGE RANGE 

Common-Mode Input Range 
Comnnon-Mode Rejection 


ViN = ±10VDC 


±10 
82 


±11 
98 




±10 
80 


±11 
96 




V 
dB 


OPEN-LOOP GAIN, DC | 


Open-Loop Voltage Gam 


Rl > 2kn 


106 


116 




100 


110 




dB 1 


RATED OUTPUT | 


Voltage Output 
Current Output 
Short Circuit Current 


Rl = 2kQ 

Vo = +10VDC 

Vo = OVDC 


±10 5 

±5 25 

10 


±11 
±10 
40 




±105 

±5 25 

10 


±11 
±10 
40 




V 

mA 
mA 


POWER SUPPLY 1 


Current, Quiescent 


lo = OmADC 




25 


45 




25 


50 


mA 1 



NOTES (1 ) Offset voltage, offset current, and bias current are measured with the units fully warmed up 

MECHANICAL 



"M" PACKAGE TO-99 (Hermetic) 




DIM 


INCHES 


MILLIMETERS I 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


c 


165 


185 


419 


4 70 


D 


016 


021 


41 


53 


E 


010 


040 


25 


102 


F 


010 


040 


25 


102 


G 


200 BASIC 


5 08 BASIC 1 


H 


028 


034 


71 


86 


J 


029 


045 


74 


114 


K 


500 


_ 


127 


_ 


L 


110 


160 


2 79 


4 06 


M 


45° BASIC 


45° BASIC 


N 


095 105 


241 1 2 67 



Pin material and plating composi- 
tion conform to method 2003 
(solderability) of MIL-STD-883 
(except paragraph 3.2) 



NOTE Leads in true position 
within 010" (0 25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 



"P" PACKAGE 8-Pin Plastic 




J 



4W-J 



NOTE Leads in true position 
within 010" ( 25mm) R at MMC 
at seating plane 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


355 


400 


9 03 


1016 


Ai 


340 


384 


864 


9 78 


B 


230 


290 


5.85 


7 37 


Bi 


200 


250 


5 09 


6 36 


C 


120 


200 


3 05 


5.09 


D 


015 


023 


38 


59 


F 


030 


070 


76 


178 


G 


100 BASIC 


2 54 BASIC 1 


H 


025 


050 


064 


127 


J 


008 


015 


20 


38 


K 


070 


150 


178 


3 82 


L 


300 BASIC 


7 63 BASIC ! 


M 


0° 


15° 


0° 


15° 


N 


010 


030 


25 


76 


P 


025 


050 


064 


1 27 



"U" PACKAGE Plastic SOIC 



Pin1 * 
Identifier 



-A- 
-Ai- 







J '^ 



Ti 



NOTE- Leads in true position 
within 010" (0 25mm) R at MMC 
at seating plane 



\.pini J Uh 
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CONNECTION DIAGRAMS 



"M" PACKAGE TO-99 (Hermetic) 

Substrate and Case 




TOP VIEW 



"P" PACKAGE Plastic Mini-DIP 
"U" PACKAGE Plastic SOIC 



Offset Trim 




TOP VIEW 



CM 



ORDERING INFORMATION 



Model 


Package 


Temperature 
Range 




0PA121KM 
0PA121KP 
0PA121KU 


TO-99 
Plastic 
SOIC 


0°C to +70°C 
0°C to +70»C 
OX to +70X 




BURN-IN SCREENING OPTION 




Model 


Package 


Temperature 
Range 


Bum-In 
Temp. (160h)'" 


0PA121KM-BI 
0PA121KP-BI 
0PA121KU-BI 


TO-99 
Plastic 
SOIC 


OX to +70X 
OX to +70X 
OX to +70X 


+86X 
4«5X 
+85X 



NOTE (1) Or equivalent combination of tinne and temperature. 
ABSOLUTE MAXIMUM RATINGS 



Supply ±18VDC 

Internal Power Dissipation"' 500mW 

Differential Input Voltage ±36VDC 

Input Voltage Range ±18VDC 

Storage Temperature Range 

M package -65°C to +150°C 

P, U packages -55X to +125X 

Operating Temperature Range 

M package -40''C to +85"'C 

P, U packages -25°C to +85''C 



Lead Temperature 

M, P packages (soldering 10 seconds) +300X 

U package (soldering 3 seconds) +260°C 

Output Short-Circuit Duration'^' Continuous 

Junction Temperature +175X 

NOTES (1) Packages must be derated based on ^ja = 150°C/W (P 
package), ^ja = 200X/W (M package), ^ja = 100X/W (U package) 
(2) Short circuit may be to power supply common only Rating applies 
to +25°C ambient Observe dissipation limit and Tj 



TYPICAL PERFORMANCE CURVES 

Ta = +25° C, Vcc = ±15VDC unless otherwise noted 

INPUT VOLTAGE NOISE SPECTRAL DENSITY 



BIAS AND OFFSET CURRENT 
vs TEMPERATURE 
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^Tt 
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^~rr 
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Frequency (Hz) 
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Ambient Temperature (°C) 
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TYPICAL PERFORMANCE CURVES (CONT) 

Ta = +25° C, Vcc = +15VDC unless otherwise noted 



BIAS AND OFFSET CURRENT 
vs INPUT COMMON MODE VOLTAGE 
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COMMON-MODE REJECTION 
vs FREOUENCY 
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Frequency (Hz) 



LARGE SIGNAL TRANSIENT RESPONSE 




POWER SUPPLY REJECTION 
vs FREQUENCY 



100 Ik 10k 100k 1M 

Frequency (Hz) 



OPEN-LOOP FREQUENCY RESPONSE 
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T CURRENT VS INPUT VOLTAGE 
WITH ±Vcc PINS GROUNDED 
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Input Voltage (V) 



APPLICATIONS 
INFORMATION 

OFFSET VOLTAGE ADJUSTMENT 

The 0PA121 offset voltage is laser-trimmed and will 
require no further trim for most applications. As with 
most amplifiers, externally trimming the remaining offset 
can change drift performance by about 0.3jliV/°C for 
each lOO/xV of adjusted offset. Note that the trim (Figure 
1) is similar to operational amplifiers such as 741 and 
AD547. The OPA121 can replace most BIFET amplifiers 
by leaving the external null circuit unconnected. 
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*10Kn TO 1M0 

TRIM POTENTIOMETER 

(tOOkO RECOMMENDED) 



FIGURE 1. Offset Voltage Trim. 

INPUT PROTECTION 

Conventional monolithic FET operational amplifiers 
require external current-limiting resistors to protect their 
inputs against destructive currents that can flow when 
input FET gate-to-substrate isolation diodes are forward- 
biased. Most BIFET amplifiers can be destroyed by the 
loss of — Vcc 

Unlike BIFET amplifiers, the l^I/cf OPA121 requires 
input current limiting resistors only if its input voltage is 
greater than 6 volts more negative than —Vcc A lOkO 
series resistor will limit input current to a safe level with 
up to ± 15V input levels even if both supply voltages are 
lost. 

Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
device. In precision operational amplifiers (both bipolar 
and FET types), this may cause a noticeable degradation 
of offset voltage and drift. 

Static protection is recommended when handling any 
precision IC operational amplifier. 

GUARDING AND SHIELDING 

As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum'* pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. 

Leakage curients across printed circuit boards can easily 
exceed the bias current of the OPA121. To avoid leakage 
problems, it is recommended that the signal input lead of 
the 0PA121 be wired to a Teflon'" standoff. If the OPA121 
is to be soldered directly into a printed circuit board, 
utmost care must be used in planning the board layout. 
A "guard" pattern should completely surround the high- 
impedance input leads and should be connected to a low- 
impedance point which is at the signal input potential. 

The amplifier case should be connected to any input 
shield or guard via pin 8. This insures that the amplifier 
itself is fully surrounded by guard potential, minimizing 
both leakage and noise pickup (see Figure 2). 
If guarding is not required, pin 8 (case) should be 
connected to ground. 




FIGURE 2. Connection of Input Guard. 

BIAS CURRENT CHANGE VERSUS 
COMMON-MODE VOLTAGE 

The input bias currents of most popular BIFET opera- 
tional amplifiers are affected by common-mode voltage 
(Figure 3). Higher input FET gate-to-drain voltage 
causes leakage and ionization (bias) currents to increase. 
Due to its cascode input stage, the extremely-low bias 
current of the OPA121 is not compromised by common- 
mode voltage. 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BF'to the 
base model number. 



1 1 1 1 II 1 1 1 1 1 1 1 1 1 II [ T 

Ta = 25° C. curves taken from lfi56/157 


mfg published typical data \j^ ^ 


__ _ - ^ti.^ AD547 




LF156/157 ^^^^ ^i 


T'^^ «^^r 4^ 




lll^:=:::siiiiiipi!»i!-:iiilii 


^p" j^ I'J '.ij^i ' J ' ' ' ' tm- 


-OP-15/16/17 "Perfect Bias Current Cancellation" T 

[ Milt i 1 i III III IN Mill 1 



-10 -5 ^5 +10 
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cc 
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FIGURE 3. Input Bias Current Versus Common-Mode 
Voltage. 

Teflon™ E.I du Pont de Nemours & Co 
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BURR -BROWN 





OPA128 



MILITARY & DIE 
VERSIONS 
AVAILABLE 



i^/fcf^ Electrometer-Grade 
OPERATIONAL AMPLIFIER 



FEATURES 

• ULTRA-LOW BIAS CURRENT: 75fA max 

• LOW OFFSET: 500//V max 

• LOW DRIFT: 5a/V/''C max 

• HIGH OPEN-LOOP GAIN: IIOdB min 

• HIGH COMMON-MODE REJECTION: 90dB mIn 

• IMPROVED REPLACEMENT FOR AD515 AND AD549 

DESCRIPTION 

The OP A 128 is an ultra-low bias current monolithic 
operational amplifier. Using advanced geometry 
dielectrically-isolated FET {U/fcf®) inputs, this 
monolithic amplifier achieves a performance level 
exceeding even the best hybrid electrometer amplifiers. 

Laser-trimmed thin-film resistors give outstanding 
voltage offset and drift performance. 

A noise-free cascode and low-noise processing give 
the OPA128 excellent low-level signal handling 
capabilities. Flicker noise is very low. 

The OPA128 is an improved pin-for-pin replacement 
for the AD515. 

£?//ief® Burr-Brown Corp. 



APPLICATIONS 

• ELECTROMETER 

• MASS SPECTROMETER 

• CHROMATOGRAPH 

• ION GAUGE 

• PHOTODETECTOR 

• RADIATION-HARD EQUIPMENT 

Case (Guard) 




OPA128 Simplified Circuit 



International Airport Industrial Park - P.O. Box 11400 - Tucson. Arizona 85734 • Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 



ELECTRICAL 

At Vcc = ±15VDC and Ta = +25°C unless otherwise noted Pin 8 connected to ground. 



PARAMETER 


CONDITIONS 


OPA128JM 


OPA128KM 


OPA128LM 


OPA128SM 


UNITS 




MIN I TYP 1 MAX 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


CO 
CM 

T— 


INPUT 


BIAS CURRENT" 

Input Bias Current 


VcM = OVDC, 
Rl > lOkO 




±150 


±300 




±75 


±150 




±40 


±75 




±75 


±150 


fA 


o 


OFFSET CURRENT"' 

Input Offset Current 


VcM = OVDC, 
RL>10kQ 




65 






30 






30 






30 




fA 




OFFSET VOLTAGE"* 

Input Offset Voltage 
Average Drift 
Supply Rejection 


VcM = OVDC 
Ta = Tm.n to Tmax 


80 


±260 


±1000 
±20 

±100 


90 


±140 

120 

±1 


±500 
±10 

±32 


90 


±140 

120 

±1 


±500 

±5 

±32 


90 


±140 

120 

±1 


±500 
±10 

±32 


/iV 
/yV/°C 

dB 
/iV/V 


B 


NOISE"" 

Voltage, fo = 10Hz 

fo = 100Hz 

fo = 1kHz 

fo = 10kHz 

fe = 10Hz to 10kHz 

fB = 01Hz to 10Hz 
Current, fB = 01Hz to 10Hz 

fo = 01Hz thru 20kHz 






92 
78 
27 
15 
24 
4 

42 
22 






92 
78 
27 
15 
24 

4 

3 
016 






92 
78 
27 
15 
24 
4 

23 
012 






92 
78 
27 
15 
24 

4 

3 
16 




nV/x/iH^ 
nV/s/Hi 
nV/x/Hz 
nV/x/H^ 
ny, rms 
//V, p-p 
fA. p-p 


(0 

q: 
111 

UL 

-1 

Q. 


IMPEDANCE 

Differential 
Common-Mode 






10" in 

10'''||2 






10" I1 1 
10'^ II 2 






10" in 

10" II 2 






10" I1 1 
10" II 2 




fillpF 

diipF 


< 

-J 
< 
Z 

o 


VOLTAGE RANGE 

Common-Mode Input Range 
Common-Mode Rejection 


V,N = ±10VDC 


±10 
80 


±12 
118 




±10 
90 


±12 
118 




±10 
90 


±12 
118 




±10 
90 


±12 
118 




V 
dB 


OPEN-LOOP GAIN, DC 


H 


Open-Loop Voltage Gam | RL>2kn | 94 | 128 | | 110 | 128 | | 110 | 128 | | 110 | 128 | | dB 


< 
DC 
Ul 
Q. 
O 


FREQUENCY RESPONSE 


Unity Gam, Small Signal 
Full Power Response 
Slew Rate 
Settling Time, 1% 
01% 
Overload Recovery, 
50% Overdrive'^' 


(2) 

20V p-p, Rl = 2kO 

Vo = ±10V, RL = 2kO 

Gain=-1,RL = 2kn 

10V step 

Gain = -1 


05 
05 


1 

47 
3 
5 
10 

5 




05 
1 


1 
47 

3 

5 
10 

5 




05 

1 


1 
47 

3 

5 
10 

5 




05 
1 


1 
47 

3 

5 
10 

5 




MHz 
kHz 
y//js 
//s 

fJS 
fJS 


RATED OUTPUT 




Voltage Output 
Current Output 
Output Resistance 
Load Capacitance Stability 
Short Circuit Current 


Ru = 2kQ 
Vo = ±10VDC 
DC, open loop 

Gam = +1 


±10 

±5 

10 


±13 
±10 

100 
1000 

29 


40 


±10 

±5 

10 


±13 
±10 
100 
1000 
29 


40 


±10 

±5 

10 


±13 
±10 
100 
1000 
29 


40 


±10 

±5 

10 


±13 
±10 
100 
1000 
29 


40 


V 
mA 

fi 
PF 
mA 




POWER SUPPLY 




Rated Voltage 
Voltage Range, 

Derated Performance 
Current, Quiescent 


lo = OmADC 


±5 


±15 
09 


±18 
15 


±5 


±15 
09 


±18 
1 5 


±5 


±15 
09 


±18 
1 5 


±5 


±15 
09 


±18 
1 5 


VDC 

VDC 

mA 




TEMPERATURE RANGE 




Specification 

Operating 

Storage 

e Junction-Ambient 


Ambient temp. 
Ambient temp 
Ambient temp 



-55 
-65 


200 


+70 
+125 
+150 



-55 
-65 


200 


+70 
+125 
+150 



-55 
-65 


200 


+70 
+125 
+150 


-55 
-55 
-65 


200 


+125 
+125 
+150 


°C 

°C 

°C 

°C/W 





NOTES' (1) Offsetvoltage, offset current, and bias current are measured with the units fully warmed up Bias current doubles approximately every 11°C. (2) Sample 
tested (3) Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% Input overdrive. 
(4) Noise test available— inquire 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

At Vcc = ±15VDC and Ta = Tmin to Tmax unless otherwise noted. 



PARAMETER 


CONDITIONS 


OPA128JM 


OPA128KM 


OPA128LM 


OPA128SM 


UNITS 


MIN 


TVP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


TEMPERATURE RANGE | 


Specification Range 


Ambient temp 







+70 







+70 







+70 


-55 




+125 


•c 


INPUT 1 


BIAS CURRENT"' 

Input Bias Current 


VcM = OVDC , 




±2 5 


±8 




±1 3 


±4 




±0 7 


±2 




±43 


±170 


pA 


OFFSET CURRENT" 

Input Offset Current 


VcM = OVDC 




1 1 






06 






06 






18 




pA 


OFFSET VOLTAGE"' 

Input Offset Voltage 
Average Drift 
Supply Rejection 


VcM = OVDC 


74 


114 

±2 


±2 2mV 
±20 

±200 


80 


114 

±2 


±1mV 
±10 

±100 


80 


114 

±2 


±750 

±5 

±100 


80 


106 

±5 


±15mV 
±10 

±100 


dB 


VOLTAGE RANGE 

Common-Mode Input Range 
Common-Mode Rejection 


V,N = ±10VDC 


±10 
74 


±11 
112 




±10 
80 


±11 
112 




±10 
80 


±11 
112 




±10 
74 


±11 
104 




V 
dB 


OPEN-LOOP GAIN, DC | 


Open-Loop Voltage Gam 


Rl > 2kn 


90 


las 




104 


125 




104 


125 




90 


122 




dB 1 


RATED OUTPUT | 


Voltage Output 
Current Output 
Short Circuit Current 


Rl = 2kfi 

Vo = ±10VDC 

Vo = OVDC 


±10 

±5 
10 


22 




±10 
±5 
10 


22 




±10 
±5 
10 


22 




±10 
±5 
10 


18 




V 

mA 
mA 


POWER SUPPLY 1 


Current, Quiescent 


1 = OmADC 




09 


1.8 




09 


1 8 




09 


1 8 




0.9 


2 


.A 1 



NOTES (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up 

MECHANICAL 



CONNECTION DIAGRAM 




Top View 


Sub 

J 


strate and Case 




^^i\ 


Offset Trim x-^ 
( 1J 




^ 

r\^ 


+Vcc 


-InQi)^ 




OPA128^ 


^nOutput 








1 Offset Trim 


+Iny3] 






^^"^-^-^^"^^ 






-Vcc 





ABSOLUTE MAXIMUM RATINGS 



Supply ±18VDC 

Internal Power Dissipation"' 500mW 

Differential Input Voltage ±36VDC 

Input Voltage Range ±18VDC 

Storage Temperature Range -65**C to +150*'C 

Operating Temperature Range -SS^C to +125''C 

Lead Temperature (soldering, 10 seconds) +300*'C 

Output Short Circuit Duration'^' Continuous 

Junction Temperature +175*0 



"M" PACKAGE TO-99 (Hermetic) 

NOTE Leads in true position within 010" ( 25mm) R at MMC at 
seating plane 

Pin numbers shown for reference only Numbers may not 
be marked on package 

Pin material and plating composition conform to Method 
2003 (solderability) of MIL-STD-883 (except paragraph 3 2) 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


C 


165 


185 


4 19 


4 70 


D 


016 


021 


041 


53 


E 


010 


040 


25 


1 02 


F 


010 


040 


25 


1 02 


G 


200 BASIC 


5 08 BASIC 1 


H 


028 


034 


071 


86 


J 


029 


045 


74 


1 14 


K 


500 




12 7 




L 


110 


160 


2 79 


406 




45° BASIC 


45° BASIC 


N 


095 1 106 


241 1 267 



NOTES: (1) Packages must be derated based on ech= ISO'C/W or ^ja = 
200°C/W. (2) Short circuit may be to power supply common only 
Rating applies to +25°C ambient Observe dissipation limit and Tj. 



Burr-Brown IC Data Book 



2-74 



Vol 33 



ORDERING rNFORMATION 



Model 


Package 


Temperature 
Range 




OPA128JM 
OPA128KM 
OPA128LM 
OPA128SM 


TO-99 
TO-99 
TO-99 
TO-99 


0°C to +70°C 

0°C to +70°C 

0°C to +70°C 

-55°Cto+125''C 




BURN-IN SCREENING OPTION | 


Model 


Package 


Temperature 
Range 


Burn-In 
Temp. (160h)'" 


OPA128JM-BI 
OPA128KM-BI 
OPA128LM-BI 
OPA128SM-BI 


TO-99 
TO-99 
TO-99 
TO-99 


0°C to +70°C 

OX to +70°C 

0°C to +70°C 

-55°Cto+125X 


+125°C 
+125»C 
+125''C 
+125°C 



NOTE (1 ) Or equivalent combination of time and temperature 

TYPICAL PERFORMANCE CURVES 

Ta - +25° C, ±15VDC unless otherwise noted 



OPEN-LOOP FREQUENCY RESPONSE 




»5^ 






s: I" D: -■■ -1 ■ 


80 ^: -^ Jfc -. %t 


80 __.-..,-,....- •'■■"pr 




__. :J_. Phae \ , 


40 S_ Margin _ _ 


40 --. --. ,-^. ^g^^ ,-. 


20 ^^^..n.. . 


::::::: -^ tH 


: :::... .It Ji 



O a 

to 3 



10 100 Ik 10k 100k 1M 10M 

Frequency (Hz) 



120 




COMMON-MODE REJECTION 
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POWER SUPPLY REJECTION vs FREQUENCY 
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BIAS AND OFFSET CURRENT 
vs INPUT COMMON-MODE VOLTAGE 
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TYPICAL PERFORMANCE CURVES (CONT) 



Ta = +25° C, ±15VDC unless otherwise noted 



GAIN-BANDWIDTH AND SLEW RATE 
vs TEMPERATURE 
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GAIN-BANDWIDTH AND SLEW RATE 
vs SUPPLY VOLTAGE 
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DPEN-LOOP GAIN, PSR, AND CMR vs TEMPERATURE 




















130 
120 
110 


•*^_ 





















"->. 


.^^ 




■ 


^AOL 








"^ 




^ 


^ ^CMR 














^V 


sX 


inn 




L 










1 



-75 -50 -25 +25 +50 +75 +100 +125 
Ambient Temperature (°C) 



LARGE SIGNAL TRANSIENT RESPONSE 
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BIAS CURRENT 
vs ADDITIONAL POWER DISSIPATION 
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TYPICAL PERFORMANCE CURVES (CONT) 

Ta = +25" C, ±15VDC unless otherwise noted. 
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INPUT VOLTAGE NOISE SPECTRAL DENSITY 
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Frequency (Hz) 

APPLICATIONS INFORMATION 

OFFSET VOLTAGE ADJUSTMENT 

The OPA128 offset voltage is laser-trimmed and will 
require no further trim for most applications. As with 
most amplifiers, externally trimming the remaining offset 
can change drift performance by about 0.3/liV/°C for 
each lOO/LiV of adjusted effort. Note that the trim (Figure 
1) is similar to operational amplifiers such as HA-5180 
and ADS 15. The OPA128 can replace many other ampli- 
fiers by leaving the external null circuit unconnected. 



O z 


i 


7 




O 3 


0PA128 ^ O 




< 
< 


r 

Ice 


1 

±10mV TYPICAL 
TRIM RANGE 

*10KO TO 1MO 
TRIM POTENTIOMETER 
(lOOkn RECOMMENDED) 



FIGURE 1. Offset Voltage Trim. 
INPUT PROTECTION 

Conventional monolithic FET operational amplifiers' 
inputs must be protected against destructive currents that 
can flow when input FET gate-to-substrate isolation diodes 
are forward-biased. Most BIFET® amplifiers can be 
destroyed by the loss of — Vcc 

Because of its dielectric isolation, no special protection is 
needed on the OPA128. Of course, the differential and 
common-mode voltage limits should be observed. 
Static damage can cause subtle changes in amplifier input 
characteristics without necessarily destroying the device. In 
precision operational amplifiers (both bipolar and FET 
types), this may cause a noticeable degradation of offset 
voltage and drift. 

BlFET® National Semiconductor Corp 
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Frequency (Hz) 

Static protection is recommended when handling any 
precision IC operational amplifier. 

GUARDING AND SHIELDING 

As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input leads. If large feedback resistors are used, they should 
also be shielded along with the external input circuitry. 
Leakage currents across printed circuit boards can easily 
exceed the bias current of the OPA128. To avoid leakage 
problems, it is recommended that the signal input lead of 
the OPA128 be wired to a Teflon standoff. If the input is to 
be soldered directly into a printed circuit board, utmost care 
must be used in planning the board layout. A "guard" 
pattern should completely surround the high impedance 
input leads and should be connected to a low impedance 
point which is at the signal input potential. 

The amplifier case should be connected to any input shield 
or guard via pin 8. This insures that the amplifier itself is 
fully surrounded by guard potential, minimizing both 
leakage and noise pickup (see Figure 2). 
Triboelectric charge (static electricity generated by friction) 
can be a troublesome noise source from cables connected 
to the input of an electrometer amplifier. Special low-noise 
cable will minimize this effect but the optimum solution is 
to mount the signal source directly at the electrometer input 
with short, rigid, wiring to preclude microphonic noise 
generation. 

TESTING 

Accurately testing the OPA128 is extremely difficult due to 

its high level of performance. Ordinary test equipment may 

not be able to resolve the amplifier's extremely low bias 

current. 

Inaccurate bias current measurements can be due to: 

1 . Test socket leakage 

2. Unclean package 

3. Humidity or dew point condensation 

4. Circuit contamination from fingerprints or anti-static 
treatment chemicals 

5. Test ambient temperature 

6. Load power dissipation. 
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BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 
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BOARD LAYOUT 

FOR INPUT GUARDING 

Guard lop and bottom of board. 

Alternate: use Teflon® standoff 

for sensitive input pins. 

Teflon® E I Du Pont de Nemours & Co 



FIGURE 2. Connection of Input Guard. 
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FIGURE 3. High Impedance (lO'^O) Amplifier. 
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FIGURE 4. Piezoelectric Transducer Charge Amplifier. 
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FIGURE 5. FET Input Instrumentation Amplifier for Biomedical Applications. 
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FIGURE 6. Low-Droop Positive Peak Detector. 
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FIGURE 9. Biased Current-to-Voltage Converter. 
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BURR-BROWN® 




OPA156A 
OPA356A 

MILITARY & DIE 
VERSIONS 
AVAILABLE 



Wide-Bandwidth £?//ct^ 
OPERATIONAL AIVIPLIFIER 



FEATURES 

• WIDE BANDWIDTH, 4MHz min 

• HIGH SLEW RATE. 10«//isec mln 

• LOW BIAS CURRENT, 50pA max at Ta = +25<»C 

• LOW OFFSET VOLTAGE, 2inV max 

• LOW DRIFT. liMl^i max 



DESCRIPTION 

The OPA156A/356A is a wide-bandwidth monoli- 
thic dielectrically-isolated FET {£?//cf) opera- 
tional amplifier. Improved circuit design and di- 
electric isolation allow lower bias current than 
BIFET LF156A amplifiers. Bias current is specified 
under warmed-up and operating conditions, not at a 



BIFET® National Semiconductor Corp., £f/fd^ Burr-Brown Corp. 



APPLICATIONS 

• OPTOELECTRONICS 

• DATA ACQUISITION 

• IMPROVED REPLACEMENT FOR INDUSTRY- 
STANDARD LFI56A BIFET® OPERATIONAL 
AMPLIFIER 



JUNCTION temperature of +25°C. 

Laser-trimmed thin-film resistors offer improved 
offset voltage and noise performance. 

The OPA156A is internally compensated for unity- 
gain stability. 
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SPECIFICATIONS 

ELECTRICAL 

At ±Vcc = 15VDC and Ta = +25° C unless otherwise specified 



PARAMETER 


CONDITIONS 


OPA156A 


OPA356A 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


FREQUENCY RESPONSE 

Slew Rate 

Settling Time, 01%"' 
Gam Bandwidth 


Vo = ±10V. RL = 2kO 

G = +1 
10V Step, RL=2kO 


10 
4 


14 
4 
6 




10 
4 


14 
4 
6 




V//isec 
fjsec 
MHz 


INPUT 1 


NOISE 

Voltage fo = 100Hz 
to = 1kHz 

Current fo = 100Hz 
fo = 1kHz 


R. = loon 

R, = 100Q 




25 

15 
005 
005 






25 

15 
0.005 
005 




nV/x/Hz 
nV/\/Hz 
pA/s/Hz 
PA/n/Hz 


OFFSET VOLTAGE'*' 

Input Offset Voltage 
Average Drift 
Supply Rejection 


R, = 5on 

Ta = Twin to Tmax 
A+Vcc = A-Vcc 


85 


±1 
±3 
100 
±10 


±2 
±5 

±57 


85 


±1 
±3 
100 
±10 


±2 
±5 

±57 


mV 

fjyrc 

dB 
/uV/V 


BIAS CURRENT'*' 

Input Bias Current 


Vcm = OVDC 




30 


50 




30 


50 


pA 


OFFSET CURRENT'*' 

Input Offset Current 


Vcm = OVDC 




3 


10 




3 


10 


pA 


INPUT IMPEDANCE 

Resistance || Capacitance 






10^* II 3 






10" II 3 




OIIPF 


VOLTAGE RANGE 

Common-Mode Input Range 
Common-Mode Rejection 


ViN = ±10VDC 


±11 
85 


±12 
100 




±11 
85 


±12 
100 




V 
dB 


OPEN-LOOP GAIN, DC | 


Open-Loop Voltage Gam 


RL>2kn 


94 
50 


106 
200 




94 
50 


106 
200 




dB 
V/mV 


RATED OUTPUT | 


Voltage Output 


Rl = lOkQ 
Rl = 2kn 


±12 
±10 


±13 
±12 




±12 
±10 


±13 
±12 




V 
V 


POWER SUPPLY 1 


Rated Voltage 
Voltage Range, Derated 

Performance 
Current, Quiescent 


lo = OmADC 


±5 


±15 
5 


±20 

7 


±5 


±15 
5 


±18 
10 


VDC 

VDC 
mA 


TEMPERATURE RANGE { 


Specification 

Storage 

e Junction-Ambient 


Ambient temp. 
Ambient temp 


-55 
-65 


150 


+125 
+150 



-65 


150 


+70 
+150 


°C 

»c 

"C/W 



< 

m 

CO 

< 

T" 

< 
D. 

o 



(0 
Ul 



Q. 

< 



o 

< 
cc 

LU 
Q. 
O 



NOTES- (1) Sample tested— this parameter is not guaranteed See settling time test circuit (Figure 2) 
are measured with the units fully warmed up 



(2) Offset voltage, offset current, and bias current 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

At ±Vcc = 15VDC and Ta = Tmin to Tmax unless otherwise noted 



PARAMETER 


CONDITIONS 


OPA156A 


OPA356A 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


TEMPERATURE RANGE | 


Specification Range 


Ambient temp 


-=5 




+125 







+70 


•c 


INPUT 1 


OFFSET VOLTAGE" 

Input Offset Voltage 
Average Drift 
Supply Rejection 


Rs = 500 

Rs = son 

A+Vcc = A-Vcc 


85 


±1 
±3 
100 
±10 


±2 5 

±5 

±67 


86 


±1 
±3 
100 
±10 


±2 3 

±5 

±57 


mV 

fjvrc 

dB 


BIAS CURRENT'" 

Input Bias Current 


Vcm = OVDC 




16 


25 




3 


5 


nA 


OFFSET CURRENT" 

Input Offset Current 


Vcm = OVDC 




6 


10 




0.6 


1 


nA 


VOLTAGE RANGE 

Common-Mode Input Range 
Common-Mode Rejection 


V,N = ±10VDC 


±11 
85 


±12 
100 




±11 
85 


±12 
100 




V 
dB 


OPEN-LOOP GAIN, DC | 


Open-Loop Voltage Gain 


Rl > 2kQ 


88 
25 


92 
40 




88 
25 


92 
40 




dB 
V/mV 


RATED OUTPUT | 


Voltage Output 


Rl = 10kO 
Rl = 2kO 


±12 
±10 


±13 
±12 




±12 
±10 


±13 
±12 




: 



NOTE (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up. 



ABSOLUTE MAXIMUM RATINGS 



ORDERING INFORMATION 



OPA X 56A X 



Basic model number- 
Temperature range — 



1 = -SS^'C to +125'*C 
3 = 0°C to +70°C 



Package code - 
M = TO-99 



CONNECTION DIAGRAMS 



TOP VIEW 




OUTPUT 



* NO INTERNAL CONNECTION 
CASE IS INTERNALLY CONNECTED TO Vcc 



Supply. OPA156A ±22VDC 

OPA356A ±18VDC 

Internal Power Dissipation"' 670nnW 

Differential Input Voltage'*' ±40VDC 

Input Voltage Range'*' ±20VDC 

Storage Temperature Range -65X to +150*C 

Operating Temperature Range -55°C to +126'*C 

Lead Temperature (soldering, 10 seconds) +300''C 

Output Short Circuit Duration'^' Continuous 

Junction Temperature +150**C 



NOTES. (1 ) Packages must be derated based on Om = 45"C/W or «ja = 
160°C/W (2) For supply voltages less than ±18VDC the absolute maxi- 
mum input voltage is equal to the supply voltage. (3) Short circuit may 
be to power supply common only. Rating applies to +26*'C ambient 
Observe dissipation limit and Tj. 

MECHANICAL 




"M" PACKAGE: TO-99 



NOTE: Leads in true posi- 
tion within 01" (0 26mm) 
R at MMC at seating plane. 
Pin numbers shown for ref- 
erence only. Numbers may 
not be marked on package. 
The TO-99 can and leads 
are bright acid tin plated. 



Pin material and plating 
composition conform to 
Method 2003 (solderability) 
of MIL-STD-883 (except 
paragraph 3.2). 



DIM 


INCHES 


MILLIMETERS I 




MAX 




MAX 




335 




861 


9 40 




306 






8 51 




165 


185 









016 


OSl 


041 


53 


E 


010 


0*0 






f 




040 








J00 8A 




5 08 BASIC 1 




028 


034 




86 


J 


0S9 




74 






500 




127 
















45«BA 




45" BA 




N 


095 


-, 




267 
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TYPICAL PERFORMANCE CURVES 

Ta = +25° C, Vcc = ±15VDC unless otherwise noted 
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BIAS AND OFFSET CURRENT vs TEMPERATURE 




-25 +25 +50 +75 +100 +125 

Ambient Temperature (°C) 



BIAS AND OFFSET CURRENT vs 
INPUT COMMON-MODE VOLTAGE 
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-10 -5 +5 +10 

Common-Mode Voltage (V) 



10 5 



GAIN-BANDWIDTH AND SLEW RATE 
vs TEMPERATURE 




-75 -50 -25 +25 +50 +75 +100 +125 
Ambient Temperature (°C) 



GAIN-BANDWIDTH AND SLEW RATE 
vs SUPPLY VOLTAGE 
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3J 


x: 
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xy 
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Supply Voltage (±Vcc) 



SUPPLY CURRENT vs TEMPERATURE 



<6 






-50 -25 +25 +50 +75 +100 +125 
Ambient Temperature ("C) 



OPEN-LOOP GAIN vs TEMPERATURE 
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lL'^s._ . " ± ± 


' T ^^ 1 T 
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TYPICAL PERFORMANCE CURVES (CONT) 



Ta = +25°C, Vcc = ±15VDC unless otherwise noted 

SETTLING TIME vs CLOSED-LOOP GAIN 
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-10 -100 

Closed-Loop Gam (V/V) 



LARGE SIGNAL TRANSIENT RESPONSE 




APPLICATIONS INFORMATION 

OFFSET VOLTAGE ADJUSTMENT 

The OPA156A offset voltage is laser-trimmed and will 
require no further trim for most applications. As with 
most amplifiers, externally trimming the remaining offset 
can change drift performance by about 0.5fiV/°C for 
each millivolt of adjusted offset. Note that the trim (Fig- 
ure 1) is similar to operational amplifiers such as LF156 
and OP-16. The OPA156A can replace most other ampli- 
fiers by leaving the external null circuit unconnected. 



O+Vcc 




-VccO 



±50mV TYPICAL 
TRIM RANGE 

*10kQ TO IMO 
TRIM POTENTIOMETER 
(lOOkn RECOMMENDED) 



FIGURE 1. Offset Voltage Trim. 

INPUT PROTECTION 

Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
device. In precision operational amplifiers (both bipolar 



and FET types), this may cause a noticeable degradation 
of offset voltage and drift. 

Static protection is recommended when handling any 
precision IC operational amplifier. 

If the input voltage exceeds the supply voltage, current 
must be limited to 1mA to prevent damage. 

CIRCUIT LAYOUT 

Wideband amplifiers require good circuit layout tech- 
niques and adequate power supply bypassing. Short, 
direct connections and good high frequency bypass 
capacitors (ceramic or tantalum) will help avoid noise 
pickup or oscillation. 



-H 2N4416 




FIGURE 2. Settling Time Test Circuit. 
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APPLICATIONS CIRCUITS 




IMPUT O- 




-15VDC 



-O OUTPUT 
6 = +l 



FIGURE 3. Inverting Amplifier. 



FIGURE 4. Noninverting Buffer. 



-IN 
O- 




loin 



ih 



+IN 

o- 




CMR = IQOdB typ 
Ib = 50pA max 
GAIN = 100 

BANDWIDTH = lOOkHz typ 
RiN = 10"fi 




DIFFERENTIAL VOLTAGE GAIN = 1 + 2Rf/Rg 



OUTPUT 
— O 



FIGURE 5. Wideband FET Input Instrumentation Amplifier. 




FIGURE 6. Absolute Value Current-to- Voltage Converter. 
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BURR -BROWN" 




OPA201 



Switchable-lnput Operational Amplifier 
SWOP AMP® 



FEATURES 

• TWO PRECISION INPUT STAGES 
SELECTABLE BY DIGITAL SIGNAL 

• EXCELLENT INPUT SPECIFICATIONS 

Vos 100)t/V max 
DRIFT: 0.5//V/°C typ 
Ib 25nA max 

• LOW POWER 

±Vcc 2.5V to 18V 
Iq 500a/A max 



DESCRIPTION 

The OPA201 is a switchable-input operational amp- 
lifier (Swop Amp®). It contains two independent 
differential input stages and one output stage. Either 
of the input stages may be connected to the output 
stage under the control of the Channel Select digital 
input signal which is TTL-compatible or user- 
programmable. The OPA201 is easy to use and 
functions as an operational amplifier that can switch 
between two sets of inputs. 

Each input stage provides excellent input character- 
istics: low offset voltage (lOO/zV, max), low offset 
voltage drift versus temperature (l)uV/°C, max), 
and low bias current (25nA, max). 
Additionally, the Swop Amp is a low power device. 
It draws less than 500/iA (max) over the supply 
range ±2.5V to +18V. It is well suited for portable, 
remote, and other battery powered applications. 
Also, its low power consumption and excellent 
specifications make it well suited for isolation circuit 
applications. Burr-Brown's state-of-the-art mono- 
lithic design and processing, compatible thin-film 



APPLICATIONS 

• AUTO-ZERO SYSTEMS 

• TWO-CHANNEL MULTIPLEXER WITH GAIN 

• SWITCHABLE-GAIN CIRCUITS 

• SWITCHABLE-BANOWIDTH CIRCUITS 

• SYNCHRONOUS MODULATOR/DEMODULATOR 

• BATTERY OPERATED SYSTEMS 



resistors, and active laser trimming produce a truly 
unique highly versatile circuit. The unique switch- 
able input stage design allows solutions to very 
demanding analog circuit design problems. 




CHANNEL /7> 
STATUS VJ 
STATUS fT 
COMWON^^ 



SELECT 
Q\ THRESHOLD 
•^^ CONTROL 



Swop Amp® Burr-Brown Corp. 

international Airport Industriai Pari( - P.O. Box 11400 - Tucson. Arizona 85734 - Tei. (602) 746-1111 • Twx- 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 



ELECTRICAL 

AtTA = +25°Cand±Vcc = 



15VDC unless otherwise noted Specifications are for both channels unless otherwise noted 



PARAMETER 


CONDITIONS 


OPA201AG/RG 


OPA201BG/SG 


OPA201CG 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


OPEN-LOOP GAIN, DC 


VoUT = ±10V 






















Rated Load 


Rl = 10kO 


114 


130 




♦ 


* 




120 


* 




dB 


RATED OUTPUT 
























Voltage 


Rl = iokn 


±13 5 


±14 




* 


* 






♦ 




V 


Current 


VouT = ±10V 




5 






♦ 






♦ 




mA 


Output Impedance 






05 






* 






* 




kO 


Short Circuit Current 






10 






* 






* 




mA 


INPUT OFFSET VOLTAGE 
















1 








Either Channel 
























Voltage Offset'" 






120 


500 




70 


200 




35 


100 


A/V 


Average Drift 


Ta = Tmin to Tmax 




1 4 






09 






05 




AiV/°C 


PSRR 


±Vcc = ±2 5Vto±18V 
Ta = Tmin to Tmax 




8 
10 


32 




5 
6 


18 




4 
5 


10 


yuV/V 
/iV/V 


Match Between 
























Channels 1 and 2 
























Offset Voltage 






150 


500 




65 


100 




25 


50 


/iV 


Over Temperature 






150 






90 






30 




//V 


INPUT BIAS CURRENT 
























Bias Current 






15 


50 




13 


40 




12 


25 


nA 


INPUT OFFSET CURRENT 
























Offset Current 






1 4 


4 




75 


2 




07 


1 


nA 


FREQUENCY RESPONSE 
























Gam Bandwidth 






500 






* 






* 




kHz 


Full Power Response 






4 






* 






* 




kHz 


Slew Rate 


VouT = ±10V, RL = 10kQ 


01 


18 




* 


* 




* 


* 




\//fJS 


Settling Time 01% 


10V Step 




49 






* 






* 




/JS 


01% 


10V Step 




52 






* 






* 




fJS 


INPUT IMPEDANCE 
























Differential 






6 






* 






* 




MO 


Common-Mode 






10^° il 2 






* 






* 




OllpF 


INPUT NOISE 
























Voltage 


fB = 1 to 10Hz 




1 






* 






* 




/^V, p-p 
nV/x/Hz 


Voltage Density 


fo = 10Hz 




27 






* 






* 






fo = 100Hz 




27 






♦ 






* 




nV/N/Hz 




fo = 1kHz 




27 






* 






* 




nV/x/Hz 


Current 


f8 = 1 to 10Hz 




15 






♦ 






* 




pA. p-p 


Current Density 


fo = 10Hz 
fo = 100Hz 
fo = 1kHz 




300 
100 
100 






* 
* 






* 
* 
* 




fA/VHz 
fA/x/Hz 
fA/s/Hz 


INPUT VOLTAGE RANGE 
























Common-Mode Range 


Ta = Tmin to Tmax 


-12 5 


±12 


+12 5 


* 


* 


* 


* 


* 


* 


V 
V 


Common-Mode Rejection 


ViN = +10V 
Ta = Tmin tO Tmax 


85 


94 
92 




90 


98 
95 




95 


98 
97 




dB 
dB 


POWER SUPPLY 
























Rated Voltage 


Specification 




±15 






* 






* 




VDC 


Voltage Range, 
























Derated Performance 




±2 5 




±18 


* 




* 


* 




* 


VDC 


Current, Quiescent 


lo = 0mA 




425 


500 




♦ 


♦ 




♦ 


* 


A/A 


DIGITAL SIGNALS 
























Threshold Control 
























(TC) Voltage Range 




-Vcc 




+Vcc - 5 


* 




* 


♦ 




* 


V 


Channel Select (CSEL) 
























Voltage Range 




-Vcc 




+Vcc 


* 




* 


* 




* 


V 


ViH (selects ch 1) 




Vtc + 2 




+Vcc 


* 




* 


* 




* 


V 


V,L (selects ch 2) 




-Vcc 




Vtc + 8 


* 




* 


* 




* 


V 


llH 


VCSEL = +Vcc 




<1 


50 




* 


* 




* 


* 


A^A 


IlL 


VcSEL = Vtc = OV 




25 


60 




* 


* 




* 


* 


M 


Status Common (SC) 
























Voltage Range 




-Vcc 




(3) 


* 




(3) 


* 




(3) 


V 


Channel Status 
























(CSTA = CSEL)'^' 
























Vol 


loL = 1mA,Vsc = 0V 






04 






* 






♦ 


V 


VOH 


Vpuiiup = 15V,Vsc = 0V 


20 


15 




* 


* 




* 


* 




V 
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ELECTRICAL (CONT) 



PARAMETER 


CONDITIONS 


OPA201AG/RG 


OPA201BG/SG 


OPA201CG 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


DIGITAL SIGNALS 
























loH (OFF) 






<1 


20 




* 


* 




* 


* 


M 


Switching Time 
























Between Channels 


Tmin < Ta < Tmax 




5 






* 






* 




fjS 


CROSSTALK 
























DC 


ViN to OFF 


-100 


-130 




-120 


* 




-120 


* 




dB 


60Hz 


Channel = ±12V 




-108 






* 






* 




dB 


TEMPERATURE RANGE 


Ambient 






















Specification 
























A, B. C Grades 




-25 




+85 


* 




* 


* 




* 


°C 


S Grade 










-55 




+125 








°C 


Operating 




-55 




+125 


* 




* 


* 




* 


°C 



♦Specification same as OPA201AG/RG 
NOTES 

1 Voltage offset is also guaranteed fully warmed-up 

2 Vtc = Voltage on threshold control, pin 10 Vih, Vil, Voh, Vol, Iih, Iil, Ioh, Iou refer to voltage and current, input and output, high and low logic states. 

3 Maximum voltage at Status Common must not be more positive than the Channel Select voltage (pin 11) or Threshold Control voltage (pin 10). 



MECHANICAL 



"G" Package 



X] 



nr 

Pin *1 







- F *- 


R 


mm 

i . i 


nnr 


K 

I 




H U- Ug* 




D 



^ 


■ 


/ 


J — • 


v„ 


-• L • 





DIM 


INCHES 


MILLIMETERS 




MIN 


MAX 


MIN MAX 




A 


.753 


.757 


19.13 19.48 


- 


B 


.246 


.251 


6.22 6.38 


c 


.140 


.170 


3.56 4.32 


D 


.015 


.021 


0.38 0.53 


F 


.04$ 


.060 


1.14 1.52 


Q 


.100 


BASIC 


2.54 ASIC 


H 


- 


.085 


2.16 


J 


.008 


.012 


0.20 0.30 


K 


.150 




3.80 


L 


.290 


.320 


7.37 8.13 




M 


o« 


15« 


0« 15» 




N 


.009 


.060 


0.23 1.52 




R 


.125 


.175 


3.18 4.45 



NOTES 1 Leads in true position within 0.01" 
(0 25mm) R at seating plane. 



ORDERING INFORMATION 



OPA201 



Basic Model Number. 



Performance Grade Code • 



J 



A,B,C -26»Cto+85»C 
8 -55°Cto+125°C 

Package Code — — _ 
G 14-pin Ceramic DIP 



ABSOLUTE MAXIMUM RATINGS 



Supply ±18VDC 

Internal Power Dissipation"' SOOmW 

Differential Input Voltage'" ±36VDC 

Input Voltage Range'*' ±18VDC 

Storage Temperature Range -65° C to +150° C 

Operating Temperature Range -SS'C to +125° C 

Lead Temperature (soldering, 10 seconds) +300° C 

Output Short Circuit Duration'" Continuous 

Junction Temperature +175°C 



NOTES: 

1. ^jA = 100°C/W 

2. For supply voltages less than ±18VDC the absolute maximum input 
voltage is equal to the supply voltage. 

3 Short circuit may be to power supply common or ±Vcc. 



PIN CONFIGURATION 



OFFSET /^ 
ADJUST \^ 



(TOP VIEW) 




^ THRESHOLD 
1 CONTROL 
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TYPICAL PERFORMANCE CURVES 

Ta = +25°C, ±Vcc = 15VDC, specifications are for both channels unless otherwise noted 
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AolVS FREQUENCY 



SUPPLY CURRENT VS 
SUPPLY VOLTAGE 
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CO 
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0.001 01 10 Ik 

Frequency (Hz) 



INPUT BIAS AND OFFSET 
CURRENT VS TEMPERATURE 




_^^^ _Ib. 

^^' los 



±3.2 

±2 8_ 

< 
±2 4S 

±2 I 

±1.6^ 

0) 
M 

±1.2§ 

±0 8l 

c 

±0.4 



75 -50 -25 +25 +50 +75+100+125 
Temperature (°C) 
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INPUT VOLTAGE NOISE DENSITY 
VS FREQUENCY 




= 




'-'' 






--1 


S 




[| M 




ZI 




■ \ 
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: IB 




— 










■■ f— 
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U 



, 10mA 
1mA 

IOOa/A 
10// A 

z 
VA 

lOOnA 

lOnA 

1n 



±5 ±10 ±15 

Supply Voltage (V) 
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THEORY OF OPERATION 

A simplfied schematic of the OPA201 Swop Amp is 
shown in Figure 1. The circuit has four main parts: (A) 
input stage 1, (B) input stage 2, (C) active load and 
output amplifier, and (D) channel select circuit. The two 
precision differential input stages are identical, with 
offset and drift laser-trimmed for very-tight matching. 
The input stages share a balanced, high precision active 
load and external offset adjust pins, so offset trim affects 
both channels (see "Using the Swop Amp" section for 
independent trim techniques). The input stages also 
share a gain stage and complementary output stage. The 
biasing circuits for the two input stages are well matched, 
so the characteristics of the two amplifiers are very 
nearly identical. 



so the channel status can be referenced to ground or —V. 
The complete circuit functions as a high precision 
operational amplifier which can switch between two sets 
of inputs under control of a 1-bit logic signal. 

USING THE SWOP AMP 

Designing with the Swop Amp is basically the same as 
designing with any precision operational amplifer, with 
the added versatility of switchable inputs. Feedback is 
connected from the output to each differential input to 
configure each channel as an inverting or noninverting 
amplifier, integrator, or other analog circuit function. 
The transfer functions for channels 1 and 2 may be 
identical to the point of sharing feedback elements, or 
they may be completely independent. Feedback resistors 
for the off channel are driven by the output as part of 



+IN1 




CHANNEL 
SELECT 

[C8EL1 ^ 



CHANNEL 
STATUS 
[CSTAj 

( 

STATUS 
COMMON 

[SC] 



FIGURE 1. OP A 201 Simplified Schematic. 

Under control of the channel select circuitry, only one 
input stage at a time is active. The selected input stage 
controls the output amplifier, while the unselected input 
stage is turned off by deactivating its bias circuitry. With 
no current in the unselected stage, it has negligible input 
bias current, and the OFF channel cannot send signals 
to the output amplifier (see Crosstalk specifications and 
Typical Performance Curves). 

The channel select circuitry is simple but versatile, and 
its use is fully described in the "Using the Swop Amp" 
section. The trip point for changing channels is set by 
the threshold control, pin 10. This provides TTL- 
compatible levels for the channel select voltage on pin H 
when pin 10 is grounded. An open collector output 
transistor provides the logic inverse of the channel select 
voltage at the channel status pin. The emitter of this 
transistor, status common, is also brought out to a pin 



the load resistance. Error analysis involving Eos, Ib, Ios, 
and Vcm is the same as for any operational amplifier. 
The OFF channel may be modeled as an open circuit in 
most applications, with input currents typically under 
15pA for input voltages within the specified common- 
mode range (see Typical Performance Curves). Although 
crosstalk is specified for OFF channel input voltages 
equal to the common-mode input range extremes, the 
same crosstalk characteristics are typically observed for 
all input voltages between — Vcc and (+Vcc — IVDC). 
Rejection of signals applied to the OFF channel's inputs 
is outstanding, as shown by the — 120dB Crosstalk 
specifications and Typical Performance Curves for cross- 
talk versus frequency. 

CHANNEL SELECTION 

Four pins are involved in the channel select logic. 
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providing programmable input logic levels for channel 
select and an output status indicating which channel has 
been selected. Programmable logic levels allow the logic 
to be referenced to ground or virtually any voltage. 
Referencing the logic to —V is especially useful in 
applications where the supply voltage is low, for example 
±3V. The pin-by-pin description and recommended 
connections describe the versatile but simple channel 
select techniques (refer to Figures 2 and 3). 

Pin 10 - Threshold Control 

Pin 10 sets the threshold voltage for channel switching, 
such that the switching point is two diode drops ('=«1.3V) 
more positive than the Threshold Control voltage. This 
results in TTL compatibility when pin 10 is grounded. 
Pin 10 must be at least 5V more negative than +Vcc, and 
should be tied to — Vcc when the minimum supply 
voltages are used (±2.5V or +5V). This results in TTL 
compatibility for logic referenced to —Vcc. 

Pin 11 - Channel Select 

The voltage on pin 11 determines which input stage is 

active. A logic high selects channel 1, logic low selects 

channel 2. Logic voltages are referenced to the Threshold 

Control, pin 10, and are TTL-, CMOS-, and open 

collector-compatible. 

Pin 4 - Channel Status 

Channel Status is an open collector output indicating 
which channel has been selected. It is the logic inverse of 
the Channel Select input referenced to Status Common, 
pin 5. This function is not required in many applications, 
and pin 4 should be left unconnected if not used. When 
using Channel Status, a puUup resistor is connected 
between pin 4 and a potential more positive than pin 5 
(usually +V or ground). The logic low (indicating 
channel 1 selected) will be less than 0.4V more positive 
than pin 5 if the puUup resistor sets a current of 1mA or 
less. Logic high will be the voltage connected to the 
pullup resistor. 

Pin 5 - Status Common 

Status Common sets the reference point for Channel 
Status, and is usually connected to the same potential as 
the Threshold Control. Pin 5 must be more negative 
than pins 10 and 11 at all times, and should be connected 
to —Vcc if the Channel Status function is not used. 
Status Common must be at least 5V more negative than 
+Vcc. 

OFFSET ADJUSTMENT 

The input offset voltage is laser-trimmed and will not 
require user-adjustment for most applications. Pins 1 
and 7 may be used to adjust the offset of the active 
channel to zero (see Figure 4). This will also affect the 
offset of the inactive channel (both offsets move in the 
same direction as the pot is adjusted). This technique 
may be used to make the offset for each channel equal in 
magnitude and opposite in polarity, which is desirable in 
many applications. Besides the complementary nature 
of the adjusted offsets, their magnitudes-will now be less 
than one-half of the Vos match specification. 
An inexpensive CMOS IC, CD4007 (dual-Complemen- 
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FIGURE 2. Channel Selection for Ground-Referenced 
Channel Select Signals. 
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FIGURE .3. Channel Selection for -Vcc Referenced 
Logic Signals. 




FIGURE 4. Basic Offset Adjustment. 



tary Pair Plus Inverter), may be used to alternately 
connect dual-offset adjust potentiometers (see Figure S) 
allowing independent Vos adjustment. In this circuit, the 
channel status output from the Swop Amp is used to 
drive the CMOS logic, which connects one wiper or the 
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other to — Vcc Thus Ri adjusts the offset of channel 1 
while R2 affects the offset only when channel 2 is 
selected. 



Note: Digital Channel Select 
circuit not shown. 




0-Vcc 



CD4007 



^ 



O-Va 



FIGURE 5. Independent Dual-Offset Adjustment. 

Note: The CMOS logic requires —Vcc (3V minimum) 
and common. The Status Common (pin 5) must be 
connected to —Vcc 



APPLICATIONS 

The OPA201 is ideal for a variety of applications where 
a precision amplifier and switch are needed. Since the 
two input stages are contained on the same IC and are 
precision laser-trimmed, their offsets match very closely. 
Therefore, the OPA201 can be used as an auto-zeroing 
circuit as well as a dual-channel or switchable-gain 
amplifier. It can also be extended to become a low 
power 4-channel Swop Amp or dual-channel instrumen- 
tation amplifier under control of TTL level logic. Gen- 
eral purpose and unique applications are only Hmited by 
the user's imagination. 

Software auto-zeroing using the Swop Amp is easy to 
perform (Figure 6). One channel processes signals and 
the other channel has the input grounded (both channels 
have the same gain). The system generating the error 
signal may be a VFC, Iso Amp, ADC, Modulator, etc. 
When the zero-input channel is selected, 

IVerror = systcm crror voltage 
Vos2 = Channel 2 Vos 
Av = Swop Amp voltage gain 

= I + (R2/R,) 



When the signal channel is selected, 

Vout = Verror + AvVosl + AvVm 

Subtracting the "zero" Vo from signal Vo leaves a 
corrected output voltage 

Vout = AvViN + Av (Vosl - Vos2) 
= Av (ViN + AVos) 

Using this technique, system errors may be reduced to 
the Vos match error (50/xV untrimmed for CG grade) of 
the Swop Amp. Obviously the channel used for zeroing 
could have a voltage reference or AC waveform for gain 
calibration for an input, instead of ground. 
Auto-zeroing may be free-running, with the Swop Amp 
functioning as a chopper, by connecting an oscillator to 
the channel select. Figure 6 shows pin 10 grounded, 
which allows TTL level interfacing. By programming 
this pin with a voltage level, other logic levels can be 
accommodated. 
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FIGURE 6. Input Amplifier for Auto-Zeroing Systems. 

The OPA201 requires only external resistors to make a 
dual-channel amplifier (2-channel multiplexer with gain). 
Gain for either channel may be noninverting (Figure 7) 
or inverting (Figure 8) with the usual operational ampli- 
fier gain equations applying in each case. In the non- 
inverting case, feedback is connected from the output to 
each input, with a common feedback resistor for equal 
gains. The advantage, in inverting gain circuits, is that 
the signal does not produce a common-mode voltage 
which can introduce error or input swing limitations. 
This is especially important in low supply voltage appli- 
cations where common-mode range becomes limited. 
Also one channel can be noninverting and the other 
inverting, which is particularly useful in absolute value 
circuits. Note that in order to achieve the specified open- 
loop gain and maximum output voltage swing, the total 
output load including both feedback networks should 
not be less than lOkO (see Figures 7 and 8). 
Amplifiers with switchable transfer functions are de- 
signed much Hke dual-channel amplifiers, except both 
inputs are connected in parallel, with each channel 
c6nfigured for a different transfer function. Figure 9 
shows a circuit that has a gain of 10 for Channel Select 
HIGH (channel 1 selected) and a gain of 1000 for 
Channel Select LOW (channel 2 selected). In this case, 
the channel select may be thought of as a gain select. 
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A«,=Av2 = 1^R2/R, 

R3 = R4 = (R, ii Rz) 

for balance of bias current eNects 
[Rl (R2 - Ri )] > lOkO for output current rating 



FIGURE 7w Selectable Input Amplifier, Noninverting. 
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FIGURE 8. Selectable Input Amplifier, Inverting. 
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FIGURE 9. Switchable Gain Amplifier. 

This concept also applies to switchable bandwidth cir- 
cuits, where AC coupling (high-pass) or smoothing 
(low-pass) characteristics need to be switched in under 



digital control. A wide variety of operational amplifier 
function circuits may be made selectable or switchable 
using these techniques. 

Figure 10 shows a two-channel differential amplifier. 
This concept can be expanded to a full high input 
impedance instrumentation amplifier by adding four 
input buffer amplifiers or by using two front end Swop 
Amps followed by an operational amp (Figure 11). 




FIGURE 10. Low Power Dual-Channel Differential 
Amplifier. 
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FIGURE 11. Low Power Dual-Channel Instrumen- 
tation Amplifier. 
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BURR -BROWN 





OPA404 



MILITARY & DIE 
VERSIONS 
AVAILABLE 



Quad High-Speed Precision 
i^iYcf^ OPERATIONAL AIVIPLIFIER 



FEATURES 

• WIDE BANDWIDTH: 6.4MHz 

• HIGH SLEW RATE: 35V///S 

• LOW OFFSET: ±750//V max 

• LOW BIAS CURRENT: ±4pA max 

• FAST SETTLING: L5//S to 0.01% 

• STANDARD QUAD PINOUT 

DESCRIPTION 

The OPA404 is a high performance monolithic 
iJ//<ef® (dielectrically-isolated FET) quad opera- 
tional amplifier. It offers an unusual combination of 
very-low bias current together with wide bandwidth 
and fast slew rate. 

Noise, bias current, voltage offset, drift, and speed 
are superior to BIFET® amplifiers. 

Laser trimming of thin-film resistors gives very-low 

offset and drift — the best available in a quad FET 

op amp. 

The OPA404's input cascode design allows high 

precision input specifications and uncompromised 

high-speed performance. 

Standard quad op amp pin configuration allows 

upgrading of existing designs to higher performance 

levels. The OPA404 is unity-gain stable. 

U/fcf® Burr-Brown Corp., BIFET® National Semiconductor Corp. 



APPLICATIONS 

• PRECISION INSTRUMENTATION 

• OPTOELECTRONICS 

• SONAR, ULTRASOUND 

• PROFESSIONAL AUDIO EQUIPMENT 

• MEDICAL EQUIPMENT 

• DETECTOR ARRAYS 




OPA404 Simplified Circuit 
(Each Amplifier) 
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SPECIFICATIONS 

ELECTRICAL 

At Vcc = ±15VDC and Ta = +25°C unless otherwise noted. 



PARAMETER 


CONDITIONS 


OPA404AG, KP 


, KU 


OPA404BG 


OPA404SG 


UNITS 


MIN 


TYP 


MAX 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


INPUT 1 


NOISE"' 
























Voltage: fo = 10Hz 






32 






* 






* 




nV/x/Hz 


fo = 100Hz 






19 






* 






* 




nV/x/Hz 


to = 1kHz 






15 






* 






* 




nV/vlHz 


fo = 10kHz 






12 






* 






* 




nV/x/Hz 


fe = 10Hz to 10kHz 






1 4 






* 






* 




A/V, rms 


fB = 01Hz to 10Hz 






95 






♦ 






* 




fjy, p-p 


Current fa = 01Hz to 10Hz 






12 






* 






* 




fA, p-p 


fo = 01Hz to 20kHz 






0.6 






* 






* 




fA/x/Hz 


OFFSET VOLTAGE 
























Input Offset Voltage 


VcM = OVDC 




±260 


±1mV 




* 


±750 




* 


* 


//V 


KP, KU 






±750 


±2.5mV 














/jy 


Average Drift 


Ta = Tmin to Tmax 




±3 






* 






* 




//V/°C 


KP 






±5 
















fjyrc 


Supply Rejection 


±Vcc = 12V to 18V 


80 


100 




86 


* 




* 


* 




dB 


KP. KU 




76 


100 
















dB 


Channel Separation 


100Hz, Rl = 2kn 




125 






* 






* 




dB 


BIAS CURRENT 
























Input Bias Current 


VcM = OVDC 




±1 


±8 




* 


±4 




* 


* 


pA 


KP, KU 






±1 


±12 














pA 


OFFSET CURRENT 
























Input Offset Current 


VcM = OVDC 




0.5 


8 




* 


4 




* 


* 


pA 


KP, KU 






05 


12 














pA 


IMPEDANCE 
























Differential 






10'" II 1 






* 






* 




niipF 


Common-Mode 






lO''' II 3 






* 






* 




nilpF 


VOLTAGE RANGE 
























Common-Mode Input Range 




±10 5 


+13.-11 




* 


* 




* 


* 




V 


Common-Mode Rejection 


V,N = ilOVDC 


88 


100 




92 


* 




* 


* 




dB 


KP, KU 




84 


100 
















dB 


OPEN-LOOP GAIN, DC | 


Open-Loop Voltage Gain 


Rl > 2kfi 


88 


100 


1 S2 1 . 1 1 . 1 . 1 1 dB 1 


FREQUENCY RESPONSE | 


Gam Bandwidth 


Gam = 100 


4 


64 




5 






* 


* 




MHz 


FulKPower Response 


20V p-p, Rl = 2kfi 




570 












* 




kHz 


Slew Rate 


Vo = ±10V,RL = 2kn 


24 


35 




28 






* 


* 




V///S 


Settling Time 01% 


Gain = -1,RL = 2kn 




06 












* 




fJS 


01% 


Cl = 100pF, 10V st6p 




1.5 












* 




/t/s 


RATED OUTPUT | 


Voltage Output 


Rl = 2kfi 


±11 5 


+13.2, -13.8 




* 






* 


* 




V 


Current Output 


Vo = ±10VDC 


±5 


±10 




* 






« 


* 




mA 


Output Resistance 


1MHz, open loop 




80 












* 







Load Capacitance Stability 


Gam = +1 




1000 












* 




PF 


Short Circuit Current 




±10 


±18 


±20 


* 




* 


* 


* 


* 


mA 


POWER SUPPLY 1 


Rated Voltage 






±15 






* 






* 




VDC 


Voltage Range, 
























Derated Performance 




±5 




±18 


* 




* 


* 




* 


VDC 


Current, Quiescent 


lo = OmADC 




9 


10 




* 


* 




* 


* 


mA 


TEMPERATURE RANGE | 


Specification 


Ambient temp 


-25 




+85 


* 




* 


-55 




+125 


°C 


KP, KU 









+70 














°C 


Operating 


Ambient temp 


-55 




+125 


* 




* 


* 




* 


°C 


KP, KU 




-25 




+85 














°C 


Storage 


Ambient temp 


-65 




+150 


* 




* 


* 




* 


°C 


5 Junction-Ambient 






100 






* 






* 




°C/W 


KP, KU 






120/100 
















°C/W 



♦Specification same as OPA404AG 
NOTES" (1) Noise testing available— inquire 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

At Vcc = ±15VDC and Ta = Twin to Tmax unless otherwise noted. 



PARAMETER 


CONDITIONS 


OPA404AG, KP, 


KU 


OPA404BG 


OPA404SG 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


TEMPERATURE RANGE | 


Specification Range 
KP.KU 


Ambient temp. 


-25 





+85 
+70 


* 




* 


-55 




+125 


°C 

°c 


INPUT 1 


OFFSET VOLTAGE 

Input Offset Voltage 

KP, KU 
Average Drift 

KP, KU 
Supply Rejection 


VcM = OVDC 


75 


±450 

±1 
±3 
±5 
96 


2mV 
±3.5 


80 




±1.5mV 


70 


±550 
93 


±2.5mV 


mV 
//V/°C 
//v/°C 

dB 


BIAS CURRENT 

Input Bias Current 


VcM = OVDC 




±32 


±200 






±100 




±500 


±5nA 


pA 


OFFSET CURRENT 

Input Offset Current 


VcM = OVDC 




17 


100 






50 




260 


2 5nA 


pA 


VOLTAGE RANGE 

Common-Mode Input Range 
Common-Mode Rejection 
KP, KU 


V,N = ±10VDC 


±10 2 
82 
80 


+12 7, -10 6 
99 
99 




86 






±10 
80 


+12.6, -10 5 
88 




V 

dB 
dB 


OPEN-LOOP GAIN, DC | 


Open-Loop Voltage Gain 


Rl > 2kn 


82 


94 




86 


* 




80 


88 




dB 1 


RATED OUTPUT | 


Voltage Output 
Current Output 
Short Circuit Current 


Rl = 2kO 

Vo = ±10VDC 

Vo = OVDC 


±11.5 

±5 
±5 


+12 9, -13.8 
±9 
±12 


±30 


* 


* 
* 
* 


* 


±11 

±8 


+12 7, -13 8 
±8 
±10 


* 


V 

mA 
mA 


POWER SUPPLY 1 


Current, Quiescent 


lo = OmADC 




93 


105 1 


* 


* 




94 


11 


mA 1 



♦Specification same as OPA404AG. 

ORDERING INFORMATION 



Basic model number 

Performance grade 

K = 0°C to +70°C 
A, B = -25°C to +85°C 
S = -55°C to +125°C 

Package code 

G = 14-pin ceramic DIP 
P = 14-pin plastic DIP 
U =16-Pin plastic SOIC 



OPA404 ( ) ( ) 



ABSOLUTE MAXIMUM RATINGS 



Supply ±18VDC 

Internal Power Dissipation"' lOOOmW 

Differential Input Voltage'^* ±36VDC 

Input Voltage Range'^' ±18VDC 

Storage Temperature Range . . . P, U = -40/+85°C, G = -65/+150°C 
Operating Temperature Range P, U = -25/+85°C, G = -55/+125*' C 

Lead Temperature (soldering, 10 seconds) +300° C 

Output Short Circuit Duration'^' Continuous 

Junction Temperature +175°C 



NOTES: 



(3) 



Packages must be derated based on ^jc = 30° C/W or ^ja = 120° C/W 
For supply voltages less than ±18VDC the absolute maximum input 
voltage is equal to. 18V > Vin > -Vcc - 8V. See Figure 2. 
Short circuit may be to power supply common only Rating applies 
to +25° C ambient Observe dissipation limit and Tj 



MECHANICAL 



PIN CONFIGURATION 



"U" (SOIC) Package 



nnnnnnnn 



Pin 1 Identifier 




^J I II ~^ 



NOTE. Leads In true position 
within 0.01" (0.25mm) R at MMC at 
seating plane. 

( 1^ L -1^ 



DIM 


INCHES 
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MECHANICAL 

"6" Packag* 




NOTE: Leads in true position within .010" 
(.25mm) R at MMC at seating plane. 
Pin numbers shown for reference only. 
Numbers may not be marked on package. 



Pin material and plating composition 
conform to Method 2003 (solderability) 
of MIL-STD-883 (except paragraph 3.2). 



DIM 
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MILLIMETERS | 
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MIN 


MAX 
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17.02 


18 03 


C 


.065 


170 


1,65 


4.32 
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100 BASIC 


2 54 BASIC 1 
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TYPICAL PERFORMANCE CURVES 

Ta = +25° C. Vcc = ±15VDC unless otherwise noted 

INPUT CURRENT NOISE SPECTRAL DENSITY 
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POWER SUPPLY REJECTION AND COMMON-MODE 
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NOTE: Leads in true position within .010" 
(.25mm) R at MMC at seating plane 



Pin material and plating composition 
conform to Method 2003 (solderability) 
of MIL-STD-883 (except paragraph 3.2) 
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CONNECTION DIAGRAM 



Top View' 
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TYPICAL PERFORMANCE CURVES [CONT] 

Ta =- +25°C, Vcc = ±15VDC urriess otherwise noted 



POWER SUPPLY REJECTION 
vs FREQUENCY 
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TYPICAL PERFORMANCE CURVES [CONT] 

Ta = +25° C. Vcc = ±15VDC unless otherwise noted 



LARGE SIGNAL TRANSIENT RESPONSE 
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APPLICATIONS INFORMATION 

OFFSET VOLTAGE ADJUSTMENT 

The OPA404 offset voltage is laser-trimmed and will 
require no further trim for most applications. If desired, 
offset voltage can be trimmed by summing.(see Figure 1). 
With this trim method there will be no degradation of 
input offset drift. 



In O— -WSr- 




Offset 
Trim 



FIGURE 1. Offset Voltage Trim. 

INPUT PROTECTION 

Conventional monolithic FET operational amplifiers 
require external current-limiting resistors to protect their 
inputs against destructive currents that can flow when 
input FET gate-to-substrate isolation diodes are forward- 
biased. Most BIFET® amplifiers can be destroyed by the 
. loss of — Vcc 

Unlike BIFET® amplifiers, the £f/fet® OPA404 

requires input current limiting resistors only if its input 
voltage can exceed — 8V. A lOkO series resistor will Umit 
the input current to a safe value with up to ±15V input 
levels even if both supply voltages are lost. (See Figure 2 
and Absolute Maximum Ratings). 
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FIGURE 2. Input Current vs Input Voltage with ±Vcc 
Pins Grounded. 

Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
device. In precision operational amplifiers (both bipolar 
and FET types), this may cause a noticeable degradation 



of offset voltage and drift. 

Static protection is recommended when handUng any 

precision IC operational amplifier. 

GUARDING AND SHIELDING 

As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the OPA404. To avoid leakage, 
utmost care must be used in planning the board layout. 
A "guard" pattern should completely surround the high 
impedance input leads and should be connected to a low 
impedance point which is at the signal input ptotential 
(see Figure 3). 



Non-Inverting 



Buffer 



p-VW — ^►- 



InO- 




u 




Inverting 



n; 






r 



For input guarding, 
guard top and bottom of board 



FIGURE 3. Connection of Input Guard. 

HANDLING AND TESTING 

Measuring the unusually low bias current of the OPA404 
is difficult without specialized test equipment; most 
commercial benchtop testers cannot accurately measure 
the OPA404 bias current. Low-leakage test sockets and 
special test fixtures are recommended if incoming inspec- 
tion of bias current is to be performed. 
To prevent surface leakage between pins, the DIP package 
should not be handled by bare fingers. Oils and salts 
from fingerprints or careless handling can create leakage 
currents that exceed the specified OPA404 bias currents. 
If necessary, DIP packages and PC board assemblies can 
be cleaned with Freon TF®, baked for 30 minutes at 
85°C, rinsed with de-ionized water, and baked again for 
30 minutes at 85°C. Surface contamination can be 
prevented by the application of a high-quality conformal 
coating to the cleaned PC board assembly. 
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BIAS CURRENT CHANGE VERSUS 
COMMON-MODE VOLTAGE 

The input bias currents of most popular BIFET® opera- 
tional amplifiers are affected by common-mode voltage 
(Figure 4). Higher input FET gate-to-drain voltage 
causes leakage and ionization (bias) currents to increase. 
Due to its cascode input stage, the extremely-low bias 



current of the OPA404 is not compromised by common- 
mode voltage. 

APPLICATIONS CIRCUITS 

Figures 5 through 11 are circuit diagrams of various 
applications for the OPA404. 
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FIGURE 4. Input Bias Current Versus Common-Mode 
Voltage. 
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FIGURE 5. Auto-Zero Amplifier. 
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FIGURE 6. Low-Droop Positive Peak Detector. 
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FIGURE 7. Voltage-Controlled Microamp Currrent Source. 
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FIGURE 8. Sensitive Photodiode Amplifier. 
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FIGURE 9. FET Instrumentation Amplifier with Shield Driver. 
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FIGURE 10. 8-Pole lOHz Low-Pass Filter. 
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FIGURE 11. Wide-Band Amplifier 
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BURR-BRO>^^ <J 

IMMI 




OPA445 



MILITARY 

VERSION 

AVAILABLE 



High Voltage FET-lnput 
OPERATIONAL AMPLIFIER 



FEATURES 

• WIDE POWER SUPPLY RANGE: ±10V to ±45V 

• HIGH SLEW RATE: 10V//iS 

• LOW INPUT BIAS CURRENT: SOpA max 

• STANDARD-PINOUT TO-99 AND DIP PACKAGES 



DESCRIPTION 

The OPA445 is a monolithic operational amplifier 
capable of operation from power supplies up to 
+45V and output currents of 15mA. It is useful in a 
wide variety of applications requiring high output 
voltage or large common-mode voltage swings. 
The OPA445's high slew rate provides wide power- 
bandwidth response, which is often required for 
high voltage applications. FET input circuitry allows 



APPLICATIONS 

• TEST EQUIPMENT 

• HIGH VOLTAGE REGULATORS 

• POWER AMPLIFIERS 

• DATA ACQUISITION 

• SIGNAL CONDITIONING 



the use of high impedance feedback networks, thus 
minimizing their output loading effects. Laser trim- 
ming of the input circuitry yields low input offset 
voltage and drift. 

The OPA445 is unity-gain stable and requires no 
external compensation components. It is available 
in both industrial (-25°C to +85°C) and military 
(-55°C to -|-125°C) temperature ranges. 
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SPECIFICATIONS 

ELECTRICAL 

At Vs = ±40V and Ta = +25°C unless otherwise specified 



PARAMETER 
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OPA445SM 


OPA445BM 


OPA445AP 
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MIN 1 TYP 


MAX 


MIN 


TYP 


MAX 


MIN 1 TYP 


MAX 


INPUT 1 


OFFSET VOLTAGE 

Input Offset Voltage 
Average Drift 
Supply Rejection 


VcM = OV 
Ta = Tmin to Tmax 
Vs = +10V to ±50V 
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VOLTAGE RANGE 
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V,N = ±30V, 
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dB 
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Gam Bandv\/idth 
Full Power Response 


Small signal 
35Vp-p, Rl = 5kQ 


* 


* 




45 


2 
55 




* 


* 




MHz 
kHz 


DYNAMIC RESPONSE | 


Slew Rate 

Rise Time 
Overshoot 


Vo = ±35V, 

Rl = 5kQ 

Vo = ±200mV 

Av = +1 

Zl = 5kO II 50pF 


* 


* 
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10 
100 

30 




* 


* 




V//WS 
ns 

% 


RATED OUTPUT | 


Voltage Output, over temp 
Current Output 
Output Resistance 
Short Circuit Current 


Ru = 5kO 

Vo = ±28V 

DC, open loop 


* 


* 




±35 
±15 


220 
±26 




* 


* 




V 
mA 


mA 


POWER SUPPLY 1 


Rated Voltage, ±Vs 
Voltage Range, ±Vs 

Derated Performance 
Current, Quiescent 


Over temp 
lo = 0mA 


* 




* 


±10 


±40 
38 


±45 
45 


* 


* 


* 


V 

V 
mA 


TEMPERATURE RANGE | 


Specification 

Operating 

5 Junction-Ambient 


Ambient temp 


-55 

* 


* 


+125 


-25 
-55 


200 


+85 

+125 


-25 


100 


+85 


°C 

°C 

°C/W 



♦Specification same as OPA445BM 



ORDERING INFORMATION 



ABSOLUTE MAXIMUM RATINGS 



B 

(0 



OPA445 ( ) ( ) 



Basic model number 

Performance grade (blank indicates A grade) - 

A -25°Cto+85°C 

B -25°Cto+85°C 

S -55°C to +125°C 
Package code 

M 8-pinTO-99 

P 8-pm plastic DIP 



T" 



J 



Power Supply 

Internal Power Dissipation 

Differential Input Voltage 

Input Voltage Range 

Storage Temperature Range M 

P .... 
Operating Temperature Range M . . 
P .. 
Lead Temperature (soldering, 10s) . 
Output Short-Circuit to Ground (Ta 
Junction Temperature 



= +25°C) . 



±50V 

680mW 

±80V 

|±Vs|-3V 

-65°C to +150°C 

-40°C to +85°C 
-55°Cto+125°C 

-40°C to +85°C 

+300°C 

Continuous 

+175°C 
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CONNECTION DIAGRAMS 



MECHANICALS 



Top View 



Case IS connected to -Vs 



+Vs 




Output 




curt! 



3_ 



m 

atingl* ' 



Seating 
Plane 



U 




NOTE Leads in true 
position within 010" 
(0 25mm) R at MMC 
at seating plane 



-4WJ 




NOTE Leads in true 
position within 010" 
C ''-• ?5mm) R at MMC 
at seating plane 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


C 


165 


185 


419 


4 70 


D 


016 


021 


41 


53 


E 


010 


040 


25 


102 


F 


010 


040 


25 


102 


G 


200 BASIC 


5 08 BASIC 1 


H 


028 


034 


71 


86 


J 


029 


045 


74 


1 14 


K 


500 


_ 


127 


— 


L 


110 


160 


2 79 


4 06 


M 


45° BASIC 


45» BASIC 


N 


095 1 105 


2 41 1 2 67 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


355 


400 


9 03 


1016 


Ai 


340 


385 


8 65 


9 80 


B 


230 


290 


5 85 


7 38 


Bi 


200 


250 


5 09 


6 36 


C 


120 


200 


3 05 


5 09 


D 


015 


023 


38 


59 


F 


030 


070 


76 


1 78 


G 


100 BASIC 


2 54 BASIC 1 


H 


025 


050 


64 


1 27 


J 


008 


015 


20 


38 


K 


070 


150 


178 


3 82 


L 


300 BASIC 


7 63 BASIC 1 


M 


0° 


15° 


0° 


15° 


N 


010 


030 


25 


76 


P 


025 


050 


64 


1 27 



TYPICAL PERFORMANCE CURVES 

Ta =^ +25°C, Vs = ±15VDC unless otherwise noted 

GAIN BANDWIDTH AND SLEW RATE 
VS TEMPERATURE 
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OPEN-LOOP 
FREQUENCY RESPONSE 



OPEN-LOOP GAIN AND SUPPLY CURRENT 
VS SUPPLY VOLTAGE 
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MAXIMUM OUTPUT VOLTAGE SWING 
VS FREQUENCY 
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INPUT VOLTAGE NOISE SPECTRAL DENSITY 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

The OPA445 may be operated from power supplies up 
to +45V or a total of 90V. Power supplies should be 
bypassed with 0.022juF capacitors, or greater, near the 
power supply pins. Be sure that the capacitors are 
appropriately rated for the supply voltage used. 
The OPA445 can supply output currents of 15mA and 
larger. This would present no problem for a standard op 
amp operating from ±15V supplies. With high supply 
voltages, however, internal power dissipation of the op 
amp can be quite large. Operation from a single power 
supply (or unbalanced power supplies) can produce even 
larger power dissipation since a larger voltage is 
impressed across the conducting output transistor. 
Dissipation should be limited to 680mW at 25°C. At 
temperatures above 25°C, the maximum dissipation 
should be derated according to the thermal resistance of 
the package type used. 

Package thermal resistance, 0jc, is affected by mounting 
techniques and environments. The figures provided are 
typical for common mounting configurations with 
convection air flow. Poor air circulation and use of 
sockets can signficantly increase thermal resistance. Best 
thermal performance is achieved by soldering the op 
amp into a circuit board with wide printed circuit traces 
to allow greater conduction through the op amp leads. 
Simple clip-on heat sinks can reduce the thermal resis- 
tance of the TO-99 metal package by as much as 50°C/ W. 
A short-circuit to ground will produce a typical output 
current of 25mA. With +40V power supplies, this 
creates an internal power dissipation of LOW. This 
exceeds the maximum rating for the device, and is not 
recommended. Permanent damage is unlikely, however, 
since the short-circuit output current will diminish as the 
junction temperature rises. 



TYPICAL APPLICATIONS 


O 2 


P+Vs 

^ ^y^ ±10mV Typical 
^^^ 1 Trim Range 

•^ *4 

\ MOkQtolMQ 

-Vos (lOOkQ recommended) 


r, 3 





FIGURE I. Offset Voltage Trim. 



lOOkQ 

R3 

VaO— AAA. 

II = [(V2 - Vi)/R5] (R2/R1) 

= (V2 - Vi)/ikn 

Compliance Voltage Range = ±35V 




FIGURE 2. Voltage-to-Current Converter. 



^°"^l 01/iF 
25kQ ' ' 1 1 j 

0-2mA K^ 

"*• II -Ns^ 

I OPA44^i — O 

/ T^ l^' ii — I 0to+50V 

Protects DAC ^ > I J_ 1/yF at 10mA 

During Slewing 1^ "Z" j 

"^ — 10\/ "T" 



FIGURE 3. Programmable Voltage Source. 
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BURR-BRO>A/N® 




OPA501 



MILITARY 

VERSION 

AVAILABLE 



O 

< 
GL 
O 



High Current - High Power 
OPERATIONAL AI\/IPLIFIER 



CO 

oc 

UJ 

u. 



FEATURES 

• WIDE SUPPLY RANGE 

±10 to ±40 Volts 

• HIGH OUTPUT CURRENT 

±10 Amps Peak 

• HIGH OUTPUT POWER 

260 Watts Peak 

• SMALL SIZE: TO-3 PACKAGE 



DESCRIPTION 

The OPA501 is a high power operational amplifier. 
Its high current output stage delivers ±10A yet the 
amplifier is unity-gain stable and it can be used in any 
operational amplifier configuration. The 260W peak 
output capability allows the OPA501 to drive loads 
(such as motors) with a greater safety margin. 

Safe operating area is fully specified and output 
current limiting is provided to protect both the 
amplifier and the load from excessive current. 
This hybrid IC is housed in an 8-pin hermetic TO-3 
package. The electrically-isolated package allows 
direct mounting to chassis or heat sink without an 
insulating washer or spacer which would increase 
thermal resistance. 



APPLICATIONS 

• SERVO AMPLIFIER 

• MOTOR DRIVER 

• ACTUATOR CONTROL 

• AUDIO AMPLIFIER 

• SYNCRO DRIVER 
•POWER SUPPLY REGULATOR 



g 

< 
LU 

a. 
O 
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SPECIFICATIONS 

ELECTRICAL 

At Tc = +25° C and ±VcC = 28VDC (OPA501RM/AM), ±Vcc = 34VDC (OPA501SM/BM) unless otherwise noted. 



PARAMETER 


CONDITIONS 


OPAS01RM/AM 


OPA501SM/BM 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


RATED 0UTPUT(i)(2) 


















Output Current, 


RL = 2n(RM/AM) 


±10 






* 






A 


Continuous(3) 


RL = 26n(SM/BM) 


±10 












A 


Output Voltage(3) 


lo = 10Apeak 


±20 


23 




±26 


±29 




V 


DYNAMIC RESPONSE 


















Bandwidth, Unity Gain 


Small Signal 




1 










MHz 




Vo = 40VP-P, Rl = an 


10 


16 










kHr, 


Slew Rate 


RL = 5n(RM/AM) 
RL = 65n(SM/BM) 


1.35 
135 






* 






V///S 
V///S 


INPUT OFFSET VOLTAGE 


















Initial Offset 






±5 


±10 




±2 


±5 


mV 


vs Temperature 


-25°C < T< +85X (AM/BM) 
-SS'C < T< +125»C (RM/SM) 




±10 


±65 




±10 


±40 


mV/°C 
mV/°C 


vs Supply Voltage 






±35 










AiV/V 


INPUT BIAS CURRENT 


















Initial 


■rcase = +25°C 




15 


40 




* 


20 


nA 


vs Temperature 






±0.05 










nA/»C 


vs Supply Voltage 






±002 






* 




nAA/ 


INPUT DIFFERENCE 


















CURRENT 


















Initial 


Tease = +25°C 




±5 


±10 




±2 


±3 


nA 


vs Temperature 


-25X < T < -l-85*C (AM/BM) 
-55»C < T < -l-125'C (RM/SM) 




±0.01 






±0.01 




nA/°C 
nA/°C 


OPEN-LOOP GAIN, DC 


RL = 5n(RM/AM) 
RL = 6.5n(SM/BM) 


94 


115 




98 


115 




dB 
dB 


INPUT IMPEDANCE 


















Differential 






10 






* 




Mn 


Common-mode 






250 










Mn 


INPUT NOISE 


















Voltage Noise 


fn= 0.3Hz to 10Hz 
fn = 10Hz to 10kHz 




3 
5 










mV, p-p 
fiV, rms 


Current Noise 


fn= 0.3Hz to 10Hz 
fn = 10Hz to 10kHz 




20 
4.5 






• 




pA, p-p 
pA, rms 


INPUT VOLTAGE RANGE 


















Common-mode Voltage(4) 


Linear Operation 


±(|Vcc|-€) 


±(|Vccl-3) 




* 






V 


Common-mode Rejection 


F = DC,VcM=±(|Vcc|-6) 


70 


110 




80 






dB 


POWER SUPPLY 


















Rated Voltage 






±28 






±34 




V 


Operating Voltage Range 




±10 




±36 


* 




±40 


V 


Current, quiescent 






±2.6 


±10 






* 


mA 


TEMPERATURE RANGE 


case 
















Specification, RM/SM 




-55 




+125 


* ■ 






°C 


AM/BM 




-25 




+85 






* 


°C 


Operating, derated 


















performance, AM/BM 




-55 




+125 






* 


"C 


Storage 




-65 




+150 


* 






°C 


THERMAL RESISTANCE 


Steady State 0JC 




2.0 


2.2 








"CAN 



'Specification same as for OPA501RM/AM 

NOTES: 

1 . Package must be derated based on a junction to case thermal resistance of 2.2° C/W or a junction to ambient thermal resistance of 30°C/W. 

2. Safe Operating Area and Power Derating Curves must be observed. 

3. With±Rsc = 0. Peak output current is typicallygreaterthanlOAifduty cycle and pulse width limitations are observed Output current greater 
than 10A is not guaranteed. 

4. The absolute maximum voltage is 3V less than supply voltage. 
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ABSOLUTE MAXIMUM RATINGS 



Power Supply Voltage (Vcc) 

Power Dissipation at +25°C'^"^* 

Differential Input Voltage 

Common-Mode Input Voltage 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (soldering, 10 seconds) 

Junction Temperature 

Output Short-Circuit Duration*'^' 



±40VDC 

79W 

±Vcc-3V 

±Vcc 

-55X to +125°C 
-65°C to +150*^0 

+300°C 

+200°C 

Continuous 



O 

in 

< 

Q. 
O 



NOTES 

1 At case temperature of +25°C. Derate at 2 2°C/W above case temperature of +25°C 

2 Average dissipation 

3 Within safe operatmg area and with appropriate derating. 



ORDERING INFORMATION 



OPA501 



Basic Model Number 

Performance Grade Code- 
A, B = -25*»Cto+85°C 
R, S = -55°Cto+125°C 
Package Code — 
TO-3 



J 



M 



(See Military Data Sheet) 



OPA501AM 
OPA501BM 
OPA501RM 
OPA501SM 
OPA501SM/883 



CONNECTION DIAGRAM | 




(TOP VIEW) 
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NO INTERNAL 
CONNECTION 
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MECHANICAL 
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NOTE. Leads in true position 
within 0.010" (0.25mm) R at MMC 
at seating plane. 

Pin numbers shown for reference 
only Numbers may not be marked 
on package. 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1510 


1550 


38 35 


39 37 


B 


745 


770 


18 92 


19 56 


C 


260 


300 


6 60 


7 62 


D 


038 


042 


97 


107 


E 


080 


105 


2 03 


2 67 


F 


40* BASIC 


40° BASIC 


G 


500 BASIC 


12 7 BASIC 


H 


11 86 BASIC 


30 12 BASIC 


J 


593 BASIC 


15 06 BASIC 


K 


400 


500 


1016 


12 70 


Q 


151 


161 


3 84 


4 09 


R 


980 


1020 


24 89 


25 91 
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TYPICAL PERFORMANCE CURVES 

(Typical at +25° case and ±Vcc = 28VDC unless otherwise noted.) 
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INPUT BIAS CURRENT 
VS TEMPERATURE 
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OUTPUT VOLTAGE SWING 
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PULSE RESPONSE, Av = +1 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

PROPER GROUNDING AND POWER 
SUPPLY BYPASSING 

Particular attention should be given to proper grounding 
practices because the large output currents can cause 
significant ground-loop errors. Figure 1 illustrates proper 
connections. 




FIGURE 1. Proper Power Supply Connections. 

Note that the connections are such that the load curent does 
not flow through the wire connecting the signal ground 
point to the power supply common. Also, power supply and 
load leads should be run physically separated from the 
amplifier input and signal leads. 

The amplifier should be power-supply-bypassed with 
10/LtF tantalum capacitors connected as close to pins 3 
and 6 as possible. The capacitors should be connected to 
the load ground rather than the signal ground. 

CURRENT LIMITS 

The OPA501 amplifier is designed so that both the positive 
and negative load current limits can be set independently 
with external resistors R+sc and R-sc respectively. The 
approximate value of these resistors is given by the 
equation: 

0.65 



R,, = (12:^. 0.043^ 
\ Ilimit / 



ohms 



Ilimit is the desired maximum current in amperes. The 
power dissipation of the current limit resistor is: 

Pmax = RsC (IlIMFt)^ WattS 

Rsc is in ohms and Ilimit is in amperes. 

Current limit resistors carry the full amplifier output current 

so lead lengths should be minimized. Highly inductive 

resistors can cause loop instability. Variation in Ilimft with 

case temperature is shown in the Typical Performance 

Curves. 

The amplifier should be used with as low a current limit as 
possible for its particular application. This will minimize the 
chance of damaging the amplifier under abnormal load 



conditions and will increase reliability by limiting internal 
power dissipation. 

The current limits may be used to generate other functions 
such as constant current supplies and torque or stall current 
limits for servomotor applications. 

HEAT SINKING 

The OPA501 requires a heat sink to limit output transistor 
junction temperature (Tj) to an absolute maximum of 
+200°C. The steady-state thermal circuit is illustrated in 
Figure 2. 
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FIGURE 2. Simplified Steady-State Heat Flow Model. 
Junction temperature (Tj) is found from the equation: 

Tj=PD(^JC + ^CS + aSA) + TA 

Where Pd = average amplifier power dissipation (W) 
6jc = junction to case thermal resistance (°C/ W) 
dcs = device mounting thermal resistance 

(°C/W) 
ds\ = heat sink thermal resistance (°C/ W) 
Ta = ambient temperature f C) 

For most heat sink calculations the quiescent power 

dissipation is very low (<1 watt) and can be disregarded 

with only a small error. 

The minimum size heat sink can be found from the 

equation: 

Tj-Ta 



BsA — 



- - 6cs ' 6jc 



Example: Find the maximum thermal resistance (smallest 
heat sink) that can be used for an OPA501 with ±Vcc = 
28VDC. Output voltage is +10VDC across a lOH resistor 
and ambient temperature is +50°C: 

+10VDC 
Pd = [(+28VDC) - (-H10VDC)] X 



200°C - 50°C 



ion 



o.rc/w-2.2°c/w 



18W 



18W 
6sA= 6.03° C/W maximum 

As large a heat sink as possible should be used, dcs depends 
on the flatness of the heat sink, the thermal compound used, 
and the roughness of the mating surfaces. 
Typical values are between 0. 1° C/ W and 0.3° C/ W for a 
TO-3 package properly mounted on a heat sink. 
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The OPA501 mounting flange is electrically-isolated, and 
can be mounted directly to a heat sink without insulating 
washers or spacers. Screws with Bellville spring washers are 
recommended to maintain positive clamping pressure on 
heat sink mounting surfaces. Long periods of thermal 
cycling can loosen mounting screws and increase 0cs. 
The output transistor thermal resistance (0jc) is a function 
of output current pulse width, pulse shape, and duty cycle. 
Long duration pulses allow the junction temperature 
to approach its steady state value while shorter pulses cause 
a lower peak junction temperature due to the junction's 
thermal time constant. Heat is conducted rapidly away 
from the junction so that as duty cycle decreases, junction 
temperature decreases. 

Steady state 0k is rated at 2.2° C/W maximum. In appli- 
cations where the amplifier's output current alternates 
between output transistors-for example, an AC amplifier- 
the-transistor Ok will depend on frequency as shown in 
Figure 3. 



DUTY CYCLE = 0.5 FOR EACH TRANSISTOR 
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FIGURE 3. Effective Ok for Applications Where Output 
Current Alternates Between Output Trans- 
istors. 

Example: OPA501SM with ±Vcc = 28VDC; heat sink 
(9sA = 0.4°C/ W; output = I1.2VAC, rms 400Hz 
(sine) at 5A, rms; Power Factor = 1.0; assume 
a mounting resistance of 0.1°C/W and an 
ambient temperature of +25°C. 

The power dissipated by the OPA501, Pd, is equal to the 
power delivered by the power supplies, Ps, minus the 
power delivered to the load, Pl- 

Peak output current is (5A)(V2) = 7.07A peak. 
Ps = (Vcc)(Iav(.) = (28V)(2/7r)(7.07A) = 126W. 

Note that the power delivered by the power supply is 
equal to its voltage times the average current (not rms). 
Average is equal to 2/7r times peak for a sine wave. 

P, =gi.2VAC)(5A) = 56W. 

Average power dissipation of the amplifier is 126W — 
56W = 70W. From Figure 3, the effective value of 0jc at 
400Hz is 0.6 X the rated ^jc, threrfore, 0jc = L32°C/W. 



This accounts for the fact that each output transistor is 
"resting" during alternate half cycles. 

The junction temperature will be: 

Tj = (70W) (1.32 4- 0.1 + 0.4°C/ W) + 25°C = 152°C. 

This is well below the maximum junction temperature 
limit of 200°C. Best circuit reliability can be achieved, 
however, by keeping junction temperature to a min- 
imum. In this case, a lower ±Vcc could be used to 
further reduce amplifier power dissipation. 

At frequencies of 50Hz or less the junction temperature 
will change in response to the instantaneous dissipa- 
tion — the product of the instantaneous voltage and cur- 
rent across the power transistors. Under approximately 
50Hz the junction will heat in response to the peak dissi- 
pation condition which occurs at an output of one-half 
the power supply voltage. In the previous example, the 
peak dissipation can be found as follows: 

Peak dissipation occurs at half of 28V = 14V output. 
The load impedance Zload = 11.2V/ 5 A = 2.240. 
The load current at peak dissipation = 

14V/2.24n = 6.25A. 
The peak dissipation = (14V)(6.25A) = 87.5W. 

Furthermore, the Ojc at this low frequency is equal to its 
specified value of 2.2°C/ W (see Figure 3). In this case, 
the junction temperature would be: 

Tj = (87.5W)(2.2 + 0.1 + 0.4°C/W) + 25°C = 261°C. 
This exceeds the maximum specified junction tempera- 
ture and is clearly unacceptable. More examples of this 
type of calculation can be found in Burr-Brown Applica- 
tion Note AN-123. 

SAFE OPERATING AREA (SOA) 

In addition to the Hmits imposed by power dissipation, 
the amplifier's output transistors are also limited by a 
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FIGURE 4. Transistor Safe Operating Area at +25° C 
Case Temperature. 
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second breakdown region. This occurs because of in- 
creased emitter current density due to current crowding 
at higher operating voltages. Both the dissipation and 
second breakdown limits depend on time and temper- 
ature. Figure 4 shows each output transistor's SOA at a 
case temperature of +25"C. 

Limits for short pulse widths are substantially greater 
than for steady state (DC). At a case temperature of 
-l-125"C the SOA limits are reduced (see Figure 5). The 
SOA shown in these curves is based on a conservative 
linear derating of both the power dissipation and the 
second breakdown region. 
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FIGURE 5. Transistor Safe Operating Area at 4-125^C 
Case Temperature. 

Resistive loads are easy to analyze by simply plotting 
load lines on the SO A curve. If the curve representing the 
load line stays within the OP A50 1 output transistor SOA 
curve and all other parameters are observed, such as case 
temperature, etc., the aniplifier will be safe: The load line 
can swing through the larger SOA limits if their time 
duration constraints are strictly observed. 

Reactive loads present a more complex problem since the 
output voltage and current are not in phase. This results 
in the reactive load line becoming elliptical (when plotted 
on linear axes) which requires a larger SOA for safe 
operation. 

Although detailed analysis is beyond the scope of this 
data sheet, the load linecan be viewed on an oscilloscope 
as shown in Figure 6. The X-Y display is driven by the 
voltage across the load and by the current into the load. 

This set up can also display voltage and current stress 
across the OPA501 output transistors as shown in Figure 
7. This data can then be compared to the SOA limits. 
The amplifier is designed to operate with electromotive- 
force-generating loads such as servomotors, relays, and 
actuators. Careful attention must be paid to both the load 
characteristics and the amplifier's SOA to ensure safe 
operation. 
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FIGURE 6. Loadline Display. 
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FIGURE 7. Output Transistor Safe Operating Area 
Stress Display. 
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FIGURE 8. Servomotor Amplifier. 
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Figure 8 shows the OPA501 configured as a DC perma- 
nent magnet motor driver. The armature current (I a) and 
motor voltage ( Vm) are monitored within an oscilloscope 
in the X-Y mode displaying U and Vm respectively. 
Slewing the motor with a 4Hz sine wave results in the 
motor power ellipse of Figure 9. The input level has been 
adjusted to give ±20V, pk, across the motor. An exam- 
ination of the power ellipse indicates that the instan- 
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FIGURE 9. D.C. Servomotor Load Line. 

taneous power delivered to the motor exceeds the 
amplifier output transistor's safe operating area at a case 
temperature of +25° C. The point at which the motor 
shows OV at -6.9A is a problem. The voltage across the 
output transistor is 28V - OV = 28V. Checking the SOA 
curve shows that the amplifier can safely withstand this 
condition for slightly under 5msec. At 4Hz this transient 
swing outside the DC SOA region is exceeded for much 
longer than 5msec. Continued operation under these 
conditions will result in failure. Peak junction tempera- 
tures should not exceed +200° C. Perhaps a motor with a 
higher impedance winding should be considered for this 
application. Current limiting and lower supply voltage 
can also reduce dissipation. 

Motors used in servo applications often required a 
surprisingly large current to accelerate quickly. Worst 
case conditions occur when the motor is operating at full 
speed and is suddenly slammed into reverse ("plugging"). 
This condition is illustrated in Figure 10 when a DC 
servomotor is driven by a bipolar square wave. As the 
motor reverses direction a large surge current flows, 
causing very high peak power dissipation in the amplifier. 
After several time constants (determined by the inertia 
moment) the current drops to a lower steady-state value. 
Loading the motor increases the motor average power 
and amplifier dissipation. SOA curves should be checked 
for safe operation under these surge conditions. 
The OPA501 current limits may be set to clip the high 
surge currents to a safe level. This is shown in Figure 1 1 . 
Note that the current limit does limit the servo motor 
peak acceleration. 



Inductive loads should be investigated for high peak 
transients generated by a collapsing magnetic field. 
Resistive damping can reduce this problem and although 
the amplifier has substrate diodes as part of the Darlington 
output transistor structure, external diodes are recom- 
mended for heavy clamping. 

Fast diodes such as those normally used as rectifiefs in 
switching power supplies are suitable. 
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BURR -BROWN 





0PA511 



High Current— High Power 
OPERATIONAL AIVJPLIFIER 



FEATURES 

• WIDE SUPPLY RANGE: ±10V to ±30V 

• HIGH OUTPUT CURRENT: 5A peak 

• CLASS A/B OUTPUT STAGE: Low distortion 

• SMALL TO-3 PACKAGE 

APPLICATIONS 

• SERVO AMPLIFIER 

• MOTOR DRIVER 

• SYNCRO EXCITATION 

• AUDIO AMPLIFIER 

• TEST PIN DRIVER 



DESCRIPTION 

The OPA511 is a high vohage, high current opera- 
tional ampHfier designed to drive a wide variety of 
resistive and reactive loads. Its complementary class 
A/B output stage provides superior performance in 
applications requiring freedom from cross-over dis- 
tortion. User-set current limit circuitry provides pro- 
tection to the amplifier and load in fault conditions. 
The OPA511 employs a laser-trimmed monolithic 
integrated circuit to bias the output transistors, pro- 
viding excellent low-level signal fidelity and high 
output voltage swing. The reduced internal parts 
count made possible with this bias IC improves per- 
formance and reliability. 

This hybrid integrated circuit is housed in a hermeti- 
cally sealed TO-3 package and all circuitry is electri- 
cally isolated from the case. This allows direct 
mounting to a chassis or heat sink without cumber- 
some insulating hardware and provides optimum 
heat transfer. 




« OUT 



6 I -Vs 
International Airport Industrial Park - P.O. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 



Burr-Brown IC Data Book 



PDS-599A 
2-117 



Vol. 33 



SPECIFICATIONS 

ELECTRICAL 

At Tc = +25°C and Vs = ±28VDC unless otherwise noted 



PARAMETER 


CONDITIONS 


0PA511AM 


UNITS 


MIN 


TYP 


MAX 


INPUT 1 


OFFSET VOLTAGE 












Initial Offset 






±5 


±10 


mV 


vs Temperature 


Full temperature range 




±10 


±65 


fjWC 


vs Supply Voltage 






±35 


±200 


lj\//\/ 


vs Pov\/er 






±20 




HM/\N 


BIAS CURRENT 












Initial 






±15 


±40 


nA 


vs Temperature 


Full temperature range 




±0 05 


±0 4 


nA/°C 


vs Supply Voltage 






±0 02 




nA/V 


OFFSET CURRENT 












Initial 






±5 


±10 


nA 


vs Temperature 


Full temperature range 




±0 01 




nA/°C 


INPUT IMPEDANCE 












Common-Mode 






200 




Mfi 


Differential 






10 




Mfi 


VOLTAGE RANGE" 












Common-Mode Voltage 


Full temperature range 


±(|Vs|-6) 


±(|Vs|-3) 




V 


Common-Mode Rejection 


VcM = Vs - 6V 


70 


110 




dB 


GAIN 1 


Open-Loop Gain at 10Hz 


Full temperature range, full load 


91 


113 




dB 


Gain-Bandv»^idth Product at 1MHz 


Tc = +25°C, full load 




1 




MHz 


Power Bandwidth 


Tc = +25°C, lo = 4A, Vo = 40V p-p 


15 


23 




kHz 


Phase Margin 


Full temperature range 




45 




Degrees 


OUTPUT 1 


Voltage Swing 


lo = 5A 


±(|Vs|-8) 


±(|Vs|-5) 




V 




Full temperature range, lo = 2A 


±(|Vs|-6) 


±(|Vs|-5) 




V 




Full temperature range, lo = 56mA 


±(tVs|-5) 






V 


Current, Peak 




±5 






A 


Settling Time to 1% 


2V step 




2 




fJS 


Slew Rate 


Rl = 2 50 


±10 


1 8 




V/a/s 


Capacitive Load Unity Gam 


Full temperature range 






33 


nF 


Gam>4 


Full temperature range 






SOA'^' 




POWER SUPPLY 1 


Voltage 


Full temperature range 


±10 


±28 


±30 


V 


Current, Quiescent 






20 


30 


mA 


THERMAL | 


RESISTANCE 












AC Junction to Case*^' 


f > 60Hz 




1 9 


21 


°C/W 


DC Junction to Case 


f > 60Hz 




24 


26 


°C/W 


Junction to Air 






30 




°C/W 


TEMPERATURE RANGE, case 




-25 




+85 


°C 



NOTES (1 ) +Vs and -Vs denote the positive and negative supply voltage respectively Total Vs is measured from +Vs to -Vs (2) SOA = Safe Operating 
Area (3) Rating applies if the output current alternates between both output transistors at a rate faster than 60Hz. 



Burr-Brown IC Data Book 



2-118 



Vol 33 



ABSOLUTE MAXIMUM RATINGS 



ORDERING INFORMATION 



Supply Voltage, +Vs to -Vs 68V 

Output Current source 5A 

sink see SOA 

Power Dissipation, internal"' 67W 

Input Voltage- differential ±(|Vs| - 3V) 

common-mode — ±Vs 

Temperature junction"' +200°C 

pin solder, lOsec +300°C 

Temperature Range storage -65°C to +150°C 

operating (case) -25''C to 4-85°C 

NOTE. (1) Long term operation at the maximum junction temper- 
ature will result in reduced product life Derate internal power 
dissipation to achieve high MTTF 



MECHANICAL 



Basic Model Number - 
Grade Code 



OPA511 A M 



Package Code (TO-3) ■ 



CONNECTION DIAGRAM 



(TOP VIEW) 
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NOTE Leads in true position within 010" ( 25mm) R at MMC at seating plane 

Pin numbers shown for reference only Numbers may not be marked on package 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1510 


1550 


38 35 


39 37 


B 


745 


770 


18 92 


19 56 


C 


260 


300 


660 


7 62 


D 


038 


042 


97 


107 


E 


080 


105 


2 03 


2 67 


F 


40° BASIC 


40° BASIC 


G 


500 BASIC 


12 7 BASIC 


H 


1 186 BASIC 


30 12 BASIC 


J 


593 BASIC 


15 06 BASIC 


K 


400 


500 


1016 


12 70 


Q 


151 


161 


3 84 


4 09 


R 


980 


1020 


24 89 


25 91 
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TYPICAL PERFORMANCE CURVES 



= 25°C Vs = ±28VDC unless otherwise noted 
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APPLICATIONS INFORMATION 

POWER SUPPLIES 

Specifications for the OPA511 are based on a nominal 
operating voltage of ±28V. A single power supply or 
unbalanced supplies may be used so long as the maxi- 
mum total operating voltage (total of H-Vs and — Vs) is 
not greater than 68V. 

CURRENT LIMITS 

Current limit resistors must be provided for proper 
operation. Independent positive and negative current 
limit values may be selected by choice of Rcl+ and Rcl- 
respectively. Resistor values are calculated by: 

RcL = 0.65/ Ilim (amps) - 0.01 
This is the nominal current limit value at room tempera- 
ture. The maximum output current decreases at high 
temperature as shown in the typical performance curve. 
Most wire-wound resistors are satisfactory, but some 
highly inductive types may cause loop stability prob- 
lems. Be sure to evaluate performance with the actual 
resistors to be used in production. 



HEAT SINKING 

Power amplifiers are rated by case temperature (not 
ambient temperature). The maximum allowable power 
dissipation is a function of the case temperature as 
shown in the power derating curve. Load characteristics, 
signal conditions, and power supply voltage determine 
the power dissipated by the amplifier. The case tempera- 
ture will be determined by the heat sinking conditions. 
Sufficient heat sinking must be provided to keep the case 
temperature within safe bounds given the power dissi- 
pated and ambient temperature. See Applications Note 
AN-83 for further details. 

SAFE OPERATING AREA (SOA) 
The safe area plot provides a comprehensive summary of 
the power handling limitations of a power amplifier, 
including maximum current, voltage and power as well 
as the secondary breakdown region (see Figure 1). It 
shows the allowable output current as a function of the 
power supply to output voltage differential (voltage 
across the conducting power device). See Applications 
Note AN-123 for details on SOA. 
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FIGURE I. Safe Operating Area. 
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OPA512 



MILITARY 

VERSION 

AVAIIABLE 



Very-High Current— High Power 
OPERATIONAL AMPLIFIER 



FEATURES 

• WIDE SUPPLY RANGE: ±10V to ±50V 

• HIGH OUTPUT CURRENT: 15A peak 

• CLASS A/B OUTPUT STAGE: Low distortion 

• VOLTAGE-CURRENT LIMIT PROTECTION CIRCUIT 

• SMALL TO-3 PACKAGE 

DESCRIPTION 

The OPA512 is a high voltage, very-high current 
operational amplifier designed to drive a wide var- 
iety of resistive and reactive loads. Its complemen- 
tary class A/B output stage provides superior per- 
formance in applications requiring freedom from 
cross-over distortion. User-set current Umit circuitry 
provides protection to the amplifier and load in fault 
conditions. A resistor-programmable voltage-current 
limiter circuit may be used to further protect the 
amplifier from damaging conditions. 



APPLICATIONS 

• SERVO AMPURER 

• MOTOR DRIVER 

• SYNCRO EXCITATION 

• AUDIO AMPLIFIER 

• TEST PIN DRIVER 

The OPA512 employs a laser-trimmed monolithic 
integrated circuit to bias the output transistors, pro- 
viding excellent low-level signal fidelity and high 
output voltage swing. The reduced internal parts 
count made possible with this monolithic IC 
improves performance and reliability. 

This hybrid integrated circuit is housed in a hermet- 
ically-sealed TO-3 package and all circuitry is elec- 
trically-isolated from the case. This allows direct 
mounting to a chassis or heat sink without cumber- 
some insulating hardware and provides optimum 
heat transfer. 




(OPTIONAL) 
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SPECIFICATIONS 

ELECTRICAL 

At Tc = +25°C and Vs = ±40VDC unless otherwise noted. 



PARAMETER 


CONDITIONS 


OPA512BM 


OPA512SM 


UNITS 


MIN 


TVP 


MAX 


MIN 1 TYP 1 MAX 


INPUT 1 


OFFSET VOLTAGE 


















Initial Offset 






±2 


±6 




±1 


±3 


mV 


vs Temperature 


Specified temp range 




±10 


±65 






±40 


fjWC 


vs Supply Voltage 






±30 


±200 




* 




A/V/V 


vs Power 






±20 










//V/W 


BIAS CURRENT 


















Initial 






12 


30 




10 


20 


nA 


vs Temperature 


Specified temp range 




±50 


400 








pA/X 


vs Supply Voltage 






±10 










pA/V 


OFFSET CURRENT 


















Initial 






±12 


±30 




±5 


±10 


nA 


vs Temperature 


Specified temp range 




±50 










pA/°C 


INPUT IMPEDANCE, 


















DC 






200 










MO 


INPUT CAPACITANCE 






3 










pF 


VOLTAGE RANGE 


















Common-Mode Voltage 


Specified temp range 


±(|Vs|-5) 


±(|Vs|-3) 










V 


Common-Mode 


















Rejection 


Specified temp range 


74 


100 




* 






dB 


GAIN 1 


Open-Loop Gain 


















at 10Hz 


IkQ load 

Specified temp, range, 
80 load 


96 


110 
108 




^ 


^ 




dB 
dB 


Gain-Bandwidth 


















Product. 1MHz 


80 load 




4 










MHz 


Power Bandwidth 


80 load 


13 


20 




* 






kHz 


Phase Margin 


Specified temp range, 
80 load 




20 






. 




Degrees 


OUTPUT 1 


Voltage Swing"' 


BM at 10A. SM at ISA 
Specified temp range, 

lo = 80mA 
lo = 5A 


±(tVs|-6) 

±(|Vst-5) 
±(|V5|-5) 






±(|Vs| - 7) 






V 

V 
V 


Current, Peak 




10 






15 






A 


Settling Time to 1% 


2V step 




2 










fJS 


Slew Rate 




25 


4 




• 






Wfjs 


Capacitive Load 


Specified temp range, 

G = 1 
Specified temp range, 

G>10 






15 
SOA'^^' 








nF 


POWER SUPPLY 1 


Voltage 


Specified temp range 


±10 


±40 


±45 




* 


±50 


V 


Current, Quiescent 






25 


50 






35 


mA 


THERMAL | 


RESISTANCE 


















AC Junction to Case'" 


Tc = -55°C to +125^, 
f > 60Hz 




08 


09 








°C/W 


DC Junction to Case 


Tc = -SS'C to +125''C 




1 25 


1 4 








"C/W 


Junction to Air 


Tc = -SS'C to -h125°C 




30 










"C/W 


TEMPERATURE 


















RANGE, specified 


Tc 


-25 




+85 


-55 




+125 


"C 



CM 

T- 

lO 

< 

GL 
O 



CO 

UJ 
LL 



< 
DC 
IJLI 
0. 
O 



'Specification same as OPA512BM. 

NOTES: (1) +Vs and -Vs denote the positive and negative supply voltage respectively Total Vs is measured from +Vs to -Vs (2) SOA = Safe Operating 
Area (3) Rating applies if the output current alternates between both output transistors at a rate faster than 60Hz 
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ABSOLUTE MAXIMUM RATINGS 



ORDERING INFORMATION 



Supply Voltage, +Vs to -Vs 100V 

Output Current source 15A 

sink see SOA 

Power Dissipation, internal'^' 125W 

Input Voltage differential ±(|Vs| - 3V) 

common-mode ±Vs 

Temperature, pin solder, 10s +300"'C 

junction"' +200*'C 

Temperature Range storage'^' — 65°C to +150''C 

operating (case) -55°C to 4-125''C 

NOTE (1) Long term operation at the maximum junction temper- 
ature will result in reduced product life Derate internal power 
dissipation to achieve high MTTF (2) OPA512BM, -55°C to 
+100°C 



OPA512 X M 



Basic Model Number 

Performance Grade Code - 
B = -25°C to +85°C 
S = -55°C to +125°C 

Package Code (TO-3) 

M = TO-3 



CONNECTION DIAGRAM 






(TOP VIEW) 

-^CURRENT 


+RCL 




LIMIT 
+Vs y 


b 


7N output 


^"*GX- 


F^ 


■< 




hnQY^ 


^ 


^ -RCL 




-Vs ^<-/ 

Rv, 


-CURRENT 
LIMIT 





MECHANICAL 






NOTE Leads m true position within 010" { 25mm) R at MMC at seating plane 

Pin numbers shown for reference only Numbers may not be marked on package 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MiN 


MAX 


A 


1510 


1550 


38 35 


39 37 


B 


.745 


770 


18 92 


19 56 


C 


240 


290 


610 


7.37 


D 


.038 


042 


.97 


1.07 


E 


.080 


.105 


2.03 


2.67 


F 


40" BASIC 


40» BASIC 


G 


.500 BASIC 


12 7 BASIC 


H 


1.186 BASIC 


30 12 BASIC 


J 


.593 BASIC 


15 06 BASIC 


K 


.400 


.500 


1016 


12 70 


Q 


.151 


161 


384 


4 09 


R 


980 


1.020 


24 89 


25 91 
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TYPICAL PERFORMANCE CURVES 



Ta = 25°C, Vs = ±40VDC unless otherwise noted. 
POWER DERATING 
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Case Temperature, Tc (°C) 





SMALL SIGNAL RESPONSE 
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10 100 Ik 10k 100k 1M 
Frequency, f (Hz) 
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J-MODE REJECTION 
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10 100 1k 10k 100k 
Frequency, f (Hz) 





HARMONIC DISTORTION 
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G = 10 
Vs = ±37V 
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lOOnA. 



INPUT BIAS CURRENT 
VS TEMPERATURE 




-50 -25 25 50 75 

Case Tennperature, Tc (°C) 
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HASE 


RES 


PONS 


E 




-30 

-fin 
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\ 
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-120 
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-IbU 
180 
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1 10 100 1k 10k 100k 1M 10M 
Frequency, f (Hz) 

PULSE RESPONSE 





V,N = ±5V,'tR = ^ 


00ns 
























—"' 
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2 4 6 8 10 12 
Time, t (/is) 

QUIESCENT CURRENT 























= -26 


>C 









t 


:3M 




-^ 




iS^^fel 




^ 




^^+« 


:5°c 













CURRENT LIMIT 



15 
12 5 
10 
75 
5.0 
25 



































^ 


RcL 


ri 

= .060, Rvi 


= oo 








^h4.J-. 






RcL = 180. 


1 

Rvi = 


^4 


V 




1^ 




- 


■|*g 


I 


-2A\J 

1 




— 


q 



-50 -25 25 50 75 100 125 
Case Temperature, Tc (°C) 

POWER RESPONSE 



I 




20 30 50 70 100 
Frequency, f (kHz) 







INPUT NOISE 
















^^ 








70 


^ 










^ 






50 
40 

30 




\ 








\ 








> 






20 






\ 










^ 



100 Ik 10k 
Frequency, f (Hz) 

OUTPUT VOLTAGE SWING 





















y 




-Vo 


^ 


^ 


y 


^ 




+Vo 













100 300 Ik 3k 10k 30k 100k 
Frequency, f (Hz) 



40 50 60 70 80 90 100 
Total Supply Voltage, Vs (V) 



3 6 9 12 

Output Current, lo (A) 
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APPLICATIONS INFORMATION 

POWER SUPPLIES 

Specifications for the OPA512 are based on a nominal 
operating voltage of ±40V. A single power supply or 
unbalanced supplies may be used as long as the maxi- 
mum total operating voltage (total of +Vs and — Vs) is 
not greater than 90V (lOOV for "S" grade version). 

CURRENT LIMITS 

Current limit resistors must be provided for proper 
operation. Independent positive and negative current 
limit values may be selected by choice of Rcl+ and Ret- 
respectively. Resistor values are calculated by: 

RcL = 0.65/ Ilim (amps) - 0.007 
This is the nominal current limit value at room tempera- 
ture. The maximum output current decreases at high 
temperature as shown in the typical performance curve. 
Most wire-wound resistors are satisfactory, but some 
highly inductive types may cause loop stability prob- 
lems. Be sure to evaluate performance with the actual 
resistors to be used in production. 

HEAT SINKING 

Power amplifiers are rated by case temperature (not 
ambient temperature). The maximum allowable power 
dissipation is a function of the case temperature as 
shown in the power derating curve. Load characteristics, 
signal conditions, and power supply voltage determine 
the power dissipated by the amplifier. The case tempera- 
ture will be determined by the heat sinking conditions. 
Sufficient heat sinking must be provided to keep the case 
temperature within safe bounds given the power dissi- 
pated and ambient temperature. See Applications Note 
AN-83 for further details. 

SAFE OPERATING AREA (SOA) 
The safe area plot provides a comprehensive summary of 
the power handling limitations of a power amplifier, 
including maximum current, voltage and power as well 
as the secondary breakdown region (see Figure 1). It 
shows the allowable output current as a function of the 
power supply to output voltage differential (voltage 
across the conducting power device). See Applications 
Note AN-123 for details on SOA. 

VOLTAGE-CURRENT LIMITER CIRCUITRY 

The voltage-current (V-I) limiter circuit provides a means 
to protect the amplifier from SOA damage such as a 
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FIGURE 1. Safe Operating Area. 



short circuit to ground, yet allows high output currents 
to flow under normal load conditions. Sensing both the 
output current and the output voltage, this limiter circuit 
increases the current limit value as the output voltage 
approaches the power supply voltage (where power dis- 
sipation is low). This type of limiting is achieved by con- 
necting pin 7 through a programming resistor to ground. 
The V-I limiter circuit is governed by the equation: 



0.65 + 



II 



0.28 Vo 
20 + Rvi 



RcL + 0.007 

where: 

Ilim IT is the maximum current available at a given 
output voltage. 

Rvi is the value (kO) of the resistor from pin 7 to 

ground. 
RcL is the current limit resistor in ohms. 
Vo is the instantaneous output voltage in volts. 

Reactive or EMF generating loads may produce unusual 
(perhaps undesirable) waveforms with the V-I limit cir- 
cuit driven into limit. Since current peaks in a reactive 
load do not align with the output voltage peaks, the 
output waveform will not appear as a simple voltage- 
limited waveform. Response of the load to the limiter, in 
fact, may produce a "backfire" reaction producing unus- 
ual output waveforms. 
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OPA541 



MILITARY & DIE 
VERSIONS 
AVAILABLE 



in 

< 

GL 
O 



High Power Monolithic 
OPERATIONAL AMPLIFIER 



CO 

tr 

LU 



< 
-J 
< 

z 
o 

< 
cc 

LU 
CL 
O 



FEATURES 

• POWER SUPPLIES TO ±40V 

• OUTPUT CURRENT TO lOA PEAK 

• PROGRAMMABLE CURRENT LIMIT 

• INDUSTRY-STANDARD PINOUT 

• FET INPUT 

DESCRIPTION 

The OPA541 is a power operational amplifier capable 
of operation from power supplies up to +40V and 
continuous output currents up to 5 A. Internal current 
limit circuitry can be user-programmed with a single 
external resistor, protecting the amplifier and load 
from fault conditions. The OPA541 is fabricated 
using a proprietary bipolar/ FET process. 
Pinout is compatible with popular hybrid power 
amplifiers such as the OPA511, OPA512 and the 
3573. The OPA541 uses a single current-limit resistor 



APPLICATIONS 

• MOTOR DRIVER 

• SERVO AMPLIFIER 

• SYNCHRO EXCITATION 

• AUDIO AMPLIFIER 

• PROGRAMMABLE POWER SUPPLY 



to set both the positive and negative current limits. 
Applications currently using hybrid power amplifiers 
requiring two current-limit resistors need not be 
modified. 

The OPA541 is available in an industry-standard 8- 
pin TO-3 hermetic package. The case is isolated 
from all circuitry, thus allowing it to be mounted 
directly to a heat sink without special insulators 
which degrade thermal performance. 




•o Output 
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SPECIFICATIONS 

ELECTRICAL 

At Tc = +25°C and Vs = ±35VDC unless otherwise noted 



PARAMETER 


CONDITIONS 


OPA541AM 


OPA541BM/SM 


UNITS 


MIN 


TYP 


MAX 


MIN 1 TYP 


MAX 


INPUT OFFSET VOLTAGE | 


Vos 
vs Temperature 
vs Supply Voltage 
vs Power 


Specified temperature range 
Vs = ±10V to ±Vmax 




±2 
±20 
±2 5 
±20 


±10 

±40 
±10 
±60 




±01 
±15 

* 


±1 

±30 

* 


mV 
//V/°C 
//V/V 
f/\//\N 


INPUT BIAS CURRENT | 


Ib 






4 


50 




* 


* 


pA 


INPUT OFFSET CURRENT | 


los 


Specified temperature range 




±1 


±30 
5 




* 


* 


pA 
nA 


INPUT CHARACTERISTICS | 


Common Mode Voltage Range 
Common Mode Rejection 
Input Capacitance 
Input Impedance, DC 


Specified temperature range 
VcM = (|±Vs|-6V) 


±(|Vs|-6) 
95 


±(|Vs|-3) 

113 

5 

1 




* 


* 
* 




V 

dB 
PF 
Tfi 


GAIN CHARACTERISTICS | 


Open Loop Gam at 10Hz 
Gam Bandwidth Product 


RL = 6n 


90 


97 
1 6 




* 


* 




dB 
MHz 


OUTPUT 1 


Voltage Swing 
Current, Peak 


lo = 5A, Continuous 
lo = 2A 
lo = 5A 


±(|Vs|-5 5) 

±(|Vs|-4) 

±(|Vs|-4) 

9 


±(|Vs|-4 5) 

±(|Vs|-3 6) 

±(|Vs|-3 2) 

10 




* 
* 


* 




V 
V 
V 
A 


AC PERFORMANCE | 


Slew Rate 
Power Bandwidth 
Settling Time to 1% 
Capacitive Load 

Phase Margin 


Rl = 80, Vo = 20Vrms 

2V Step 

Specified temperature range, G = 1 

Specified temperature range, G > 10 

Specified temperature range, Rl = 8Q 


6 

45 

33 


10 
55 
2 

40 


SOA 


* 
* 


* 


* 


y//js 
kHz 

/iS 

nF 
Degrees 


POWER SUPPLY 1 


Power Supply Voltage, ±Vs 
Current, Quiescent 


Specified temperature range 


±10 


±30 
20 


±35 
25 


* 


±35 


±40 

* 


V 
mA 


THERMAL RESISTANCE | 


^jc, (junction to case) 
5jA, (junction to ambient) 


AC output f > 60Hz 
DC output 
No heat sink 




1 25 
1 4 
30 


15 
19 




* 


* 


°C/W 
°C/W 
°C/W 


TEMPERATURE RANGE | 


TCASE 


AM, BM 
SM 


-25 




+85 


-55 




+125 


°C 
°C 



♦Specification same as OPA541AM 
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MECHANICAL 



Seating Plane 



m A 


M 


°i 


1 




i 


J 


II 




D— • 










NOTE Leads in true position 
Within 010" (0 25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1510 


1550 


38 35 


39 37 


B 


745 


770 


18 92 


19 56 


c 


260 


300 


6 80 


7 62 


D 


038 


042 


97 


107 


E 


080 


105 


2 03 


2 67 


F 


40° BASIC 


40" BASIC 


G 


500 BASIC 


12 7 BASIC 


H 


1 186 BASIC 


30 12 BASIC 


J 


593 BASIC 


15 06 BASIC 


K 


400 


500 


1016 


12 70 


Q 


151 


161 


3 84 


4 09 


R 


980 


1020 


24 89 


25 91 



< 
a. 
O 



^ 



ABSOLUTE MAXIMUM RATINGS 



CONNECTION DIAGRAM 



Supply Voltage, +Vs to -Vs 80V 

Output Current see SOA 

Power Dissipation, Internal"' 125W 

Input Voltage Differential ±Vs 

Common-mode ±Vs 

Temperature Pin solder, 10s +300°C 

Junction"' +150°C 

Temperature Range 

Storage -65°C to +150°C 

Operating (case) -55°C to +125°C 

NOTE (1) Long term operation at the maximum junction temperature 
will result in reduced product life Derate internal power dissipation to 
achieve high MTTF 



Top View 
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ORDERING INFORMATION 



Model 


Package 


Temperature 
Range 




OPA541Af^ 
OPA541BM 
OPA541SM 


TO-3 
TO-3 
TO-3 


-25°C to +85»C 
-25°C to +85°C 
-55°Cto+125''C 




BURN-IN SCREENING OPTION | 


Model 


Package 


Temperature 
Range 


Burn-In 
Temp. (160h)"' 


OPA541AM-BI 
OPA541BM-BI 
OPA541SM-BI 


TO-3 
TO-3 
TO-3 


-25°C to +85°C 
-25°C to +85°C 
-55°Cto+125°C 


+85°C 
+85°C 
+125°C 



NOTE. (1 ) Or equivalent combination of time and temperature (2) Minimum order is 25 pieces 
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TYPICAL PERFORMANCE CURVES 

Ta = +25°C, Vs = +35VDC unless otherwise noted 



INPUT BIAS CURRENT 
VS TEMPERATURE 



OPEN-LOOP GAIN AND 
PHASE VS FREQUENCY 
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NORMALIZED QUIESCENT CURRENT VS 
TOTAL POWER SUPPLY VOLTAGE 



OUTPUT VOLTAGE SWING 
VS OUTPUT CURRENT 
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COMMON-MODE REJECTION 
VS FREQUENCY 



CURRENT LIMIT VS 
RESISTANCE LIMIT 
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INSTALLATION 
INSTRUCTIONS 

POWER SUPPLIES 

The OPA541 is specified for operation from power 
supplies up to ±40V. It can also be operated from 
unbalanced or single power supply as long as the total 
power supply voltage does not exceed 80V. The power 
supplies should be bypassed with low series impedance 
capacitors such as ceramic or tantalum. These should be 
located as near as practical to the amplifier's power 
supply pins. Good power amplifier circuit layout is, in 
general, like good high frequency layout. Consider the 
path of large power supply and output currents. Avoid 
routing these connections near low-level input circuitry 
to avoid waveform distortion and oscillations. 

CURRENT LIMIT 

Internal current limit circuitry is controlled by a single 
external resistor, Rcl. Output load current flows through 
this external resistor. The current limit is activated when 
the voltage across this resistor is approximately a base- 



emitter turn-on voltage. The value of the current limit 
resistor is approximately: 

R,,= M02_ 0.057 

|1lim| 

The current limit value decreases with increasing temp- 
erature due to the temperature coefficient of a base- 
emitter junction voltage. Similarly, the current limit 
value increases at low temperatures. Current limit versus 
resistor value and temperature effects are shown in the 
Typical Performance Curves. 

The adjustable current limit can be set to provide 
protection from short circuits. The safe short-circuit 
current depends on power supply voltage. See the discus- 
sion on Safe Operating Area to determine the proper 
current limit value. 

Since the full load current flows through Rci., it must be 
selected for sufficient power dissipation. For a 5A 
current limit, the dissipation of Rcl will be 3.25W for 5 A 
continuous currents. Sinusoidal output will create dis- 
sipation according to the rms load current. Thus for the 
same 5A current limit, AC peaks would be Hmited to 5A, 
but the rms current would be 3. 5 A and a resistor with a 
lower power rating could be used. Some applications 
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(such as voice amplification) are assured of signals with 
much lower duty cycles, allowing a current resistor with 
a lower power rating. Wire-wound resistors may be used 
for RcL. Some wire-wound resistors, however, have 
excessive inductance and may cause loop-stability prob- 
lems. Be sure to evaluate circuit performance with 
resistor type planned for production to assure proper 
circuit operation. 

HEAT SINKING 

Power amplifiers are rated by case temperature, not 
ambient temperature as with signal op amps. The max- 
imum allowable power dissipation is a function of the 
case temperature as shown on the powfer derating curve. 
All points on the power derating slope produce a 
maximum internal junction temperature of +150°C. Suf- 
ficient heat sinking must be provided to keep the case 
temperature within safe bounds for the maximum am- 
bient temperature and power dissipation. The thermal 
resistance of the heat sink required may be calculated by: 

0j^s __ TcASE ~ Tambient 
Pd (max) 

Commercially available heat sinks often specify their 
thermal resistance. These ratings are often suspect, how- 
ever, since they depend greatly on the mounting environ- 
ment and air flow conditions. Actual thermal performance 
should be verified by measurement of case temperature 
under the required load and environmental conditions. 

No insulating hardware is required .when using the TO-3 
package. Since mica and other similar insulators typically 
add approximately 0.7°C/W thermal resistance, their 



elimination significantly improves thermal performance. 
See Burr-Brown Application Note AN-83 for further 
details on heat sinking. 

SAFE OPERATING AREA 

The safe operating area (SOA) plot provides compre- 
hensive information on the power handling abilities of 
the OPA541. It shows the allowable output current as a 
function of the voltage across the conducting output 
transistor (see Figure 1). This voltage is equal to the 
power supply voltage minus the output voltage. For 
example, as the amplifier output swings near the positive 
power supply voltage, the voltage across the output 
transistor decreases and the device can safely provide 
large output currents demanded by the load. 

Short circuit protection requires evaluation of SOA. 
When the amplifier output is shorted to ground, the full 
power supply voltage is impressed across the conducting 
output transistor. The current limit must be set to a 
value which is safe for the power supply voltage used. 
For instance, with Vs ±35V, a short to ground would 
force 35V across the conducting power transistor. A 
current limit of 1.8A would be safe. 

Reactive, or EMF-generating, loads such as DC motors 
can present difficult SOA requirements. With a purely 
reactive load, output voltage and load current are 90° 
out of phase. Thus, peak output current occurs when the 
output voltage is zero and the voltage across the con- 
ducting transistor is equal to the full power supply 
voltage. See Burr-Brown Application Note AN-123 for 
further information on evaluating SOA. 
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FIGURE 1. Safe Operating Area. 
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REPLACING HYBRID POWER AMPLIFIERS 

The OPA541 can be used in applications currently using 
various hybrid power amplifiers, including the OPA501, 
0PA511, OPA512, and 3573. Of course, the application 
must be evaluated to assure that the output capability 
and other performance attributes of the OPA541 meet 
the necessary requirements. These hybrid power ampli- 
fiers use two current limit resistors to independently set 
the positive and negative current limit value. Since the 
OPA541 uses only one current limit resistor to set both 
the positive and negative current limit, only one resistor 
(see Figure 4) need be installed. If installed, the resistor 
connected to pin 2 is superfluous — it does no harm. 

Because one resistor carries the current previously 'carried 
by two, the resistor may require a higher power rating. 
Minor adjustments may be required in the resistor value 

APPLICATIONS CIRCUITS 



to achieve the same current limit value. Often, however, 
the change in current Umit value when changing models 
is small compared to its variation over temperature. 
Many applications can use the same current limit resistor. 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 
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FIGURE 2. Clamping Output for EMF-Generating Loads. FIGURE 3. Isolating Capacitive Loads. 
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FIGURE 4. Replacing OPA501 with OPA541. 
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FIGURE 5. Paralleled Operation, Extended SOA. 
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FIGURE 6. Programmable Voltage Source. 
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FIGURE 7. 16-Bit Programmable Voltage Source. 
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High-Power 
OPERATIONAL AMPLIFIER 



FEATURES 

• HIGH OUTPUT CURRENT: 2A 

• SOA PROTECTION CIRCUITRY 

• HIGH POWER SUPPLY VOLTAGE: 
Vg = ±35V 

• HIGH SLEW RATE: 15V/^is 

• FET INPUT 

• PACKAGING OPTIONS: 
Low-Cost Plastic Package 
TO-3 Metal Package 

DESCRIPTION 

The OPA550 is a low-cost power operational amplifier 
capable of outputs to ±30V at 2 A. It combines the ease- 
of-use of a simple op amp with high-output capability 
for demanding loads. Its 15V/ns slew rate provides the 
wide power bandwidth often required in high-power 
applications. 

Unique protection circuitry senses output and load 
characteristics to limit output to safe levels. The 
OPA550 is safe for highly reactive, as well as resistive, 
loads. +v, 



APPLICATIONS 

• SERVO-MOTOR DRIVER 

• PROGRAMMABLE POWER SUPPLIES 

• AUDIO AMPLIFIER 

• LINE DRIVER 

• ATE PIN DRIVER 



CO 
OC 

m 



Laser-trimmed FET input circuitry eliminates external 
trimming and provides low input bias current. The 
OPA550 idles at low quiescent current, yet is free from 
troublesome cross-over distortion common with low 
quiescent current power amplifiers. 

The OPA550 is available in a low-cost, 5-pin TO-220 
package and in a TO-3 metal package. Industrial and 
military temperature ranges are available. 
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SPECIFICATIONS 

T- » +25*'C. V. = ±35V unless otherwise noted. 





OPA550AP/AM 


OPA550SM 




PARAMETER 


CONDITION 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


UNITS 


OFFSET VOLTAGE 


















Input Offset Voltage 






0.5 










mV 


Over Specified Temperature 






2.0 










mV 


Average Drift 






15 






20 




HV/»C 


Power Supply Rejection 


V^«±10tO±35V 




90 










dB 


INPUT BIAS CURRENT 


















Input Bias Current 


Vc„»OV 




50 










pA 


Over Specified Temperature 


VcM = OV 




5 






50 




nA 


Input Bias Cun-ent 


VcM-OV 




20 










pA 




Vc„ = OV 




2 






20 




nA 




















Input Voltage Noise f-H^Hz 






20 










nV/>/Hz 


INPUT IMPEDANCE 


















Differential 






10 










Oa 


Common-Mode 






10 










GQ 


INPUT VOLTAGE RANGE 


















Common-mode Input Range 






V3-4V 










V 


Common-mode Rejection 


Vc„«±10V 




90 










dB 


OPEN-LOOP GAIN 


















Open-loop Voltage Gain 


Vo»±30V,R,.20« 




90 










dB 


Over Specified Temperature 


Vo = ±30V,R, = 20Q 




86 










dB 


FREQUENCY RESPONSE 


















Slew Rate 


G-+1 




15 










V/MS 


Unity-Gain Bandwidth Product 






3 










MHz 


Total Hannonic Distortion 


G>-(-10,f«1l<Hz 














% 


OUTPUT 


















Voltage Output 


lo-2A 




±V3.^ 










V 


Over Specified Temperature 


lo«0.5A 




±V8-3.5 










V 


Current Output 




2 






* 






A 


Short Circuit Current 






2.6 










A 


Output Resistance, Open-loop 


1MHz 




8 










a 


Load Capacitance 






1 
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±35 










V 


Operating 




±10 




±40 


* 
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V 


Current, quiescent 


'o-O 




±10 










mA 


TEMPERATURE RANGE 
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+125 


♦ 




♦ 


°C 


Storage 


















AP 




-40 




+125 


* 




* 


"C 


AM,SM 




-60 




+150 


* 




• 


"C 



Burr-Brown JC Data Book 



2-136 



Vol. 33 



BURR-BRO>VN® 



^v'*^-^ 



'^e^«»(()rf*it 



'd% 




TTTTrTT 



OPA600 

MILITARY 
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AVAILABLE 



Fast-Settling Wideband 
OPERATIONAL AIVIPLIFIER 



FEATURES 

• GAIN BANDWIDTH PRODUCT: 5GHz 

• FAST SETTLING: 80ns to ±0.1% 

100ns to ±0.01% 

• -25°C to ±85°C AND 

-55°C to ±125°C TEMPERATURE RANGES 

• ±10V OUTPUT: 200mA 



DESCRIPTION 

The OPA600 is a wideband operational amplifier 
specifically designed for fast settling to ±0.01% 
accuracy. It is stable, easy to use, has good phase 
margin with minimum overshoot, and it has excellent 
DC performance. It utilizes an FET input stage to 
give low input bias current. Its DC stability over 
temperature is outstanding. The slew rate exceeds 
400V/ jus. All of this combines to form an outstanding 
amplifier for large and small signals. 

High accuracy with fast settling time is achieved by 
using a high open-loop gain which provides the 
accuracy at high frequencies. The thermally balanced 
design maintains this accuracy without droop or 
thermal tail. External frequency compensation allows 



APPLICATIONS 

• FAST VCD 

• HIGH-SPEED D/A CONVERTER OUTPUT AMPLIFIER 

• VIDEO AMPLIFIER 

• HIGH-SPEED ADC DRIVER 

• LOW-DISTORTION AMPLIFIER 

• TRANSMISSION LINE BUFFER 



the user to optimize the settling time for various 
gains and load conditions. 

The OPA600 is useful in a broad range of video, 
high speed test circuits and ECM applications. It is 
particularly well suited to operate as a voltage 
controlled oscillator (VCO) driver. It makes an 
excellent digital-to-analog converter output amplifier. 
It is a workhorse in test equipment where fast pulses, 
large signals, and 500 drive are important. It is a 
good choice for sample/ holds, integrators, fast 
waveform generators, and multiplexers. 
The OPA600 is specified over the industrial temp- 
erature range (OPA600BM, CM) and military temp- 
erature range (OPA600SM, TM). The OPA600 is 
housed in a welded, hermetic metal package. 



Frequency 
Compensation +Vcc 



Frequency 
Common Compensation 



(Case) ( 
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Boost 
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SPECIFICATIONS 

ELECTRICAL 

At Vcc = ±15\/DC and Ta = +25°C''unless otherwise specified 



PARAMETER 


CONDITIONS 


OPA600CM, TM"' 


OPA600BM, 


SM 


UNITS 


MIN 


TYP 


MAX 


MIN 1 TYP 


MAX 


OUTPUT 


1 


Voltage 

Current 
Current Pulse 
Resistance 
Short-Circuit Current 


Rl = 2kn 

Rl = 50Q'^' 

Rl = 50Q'^' 

RL = 50fi'=" 

Open loop DC 

To COMMON only, twAx = Is"" 


±10 
±9 
±180 
±180 


±200 

±200 

75 

250 


300 


* 


* 


* 


V 

V 

mA 
mA 

n 

mA 


DYNAMIC RESPONSE | 


Settling Time'^' to +0 01% (+1mV) 
to±01%(+10mV) 
to±1%(+100mV) 


AVouT = 10V 
AVouT = 10V 
AVouT^lOV 




100 
80 
70 


125 
105 
95 






* 


ns 
ns 
ns 


Gain-Bandwidth Product (open-loop) 


Cc = OpF, G = 1V/V 
Cc = OpF, G = 10V/V 
Cc = OpF, G = 100V/V 
Cc = OpF, G = 1000V/V 
Cc = OpF, G = 10,000V/V 




150 
500 
1 5 
5 
10 










MHz 
MHz 
GHz 
GHz 
GHz 


Bandwidth (-3dB small signal)'^' 


G = +1V/V 
G = -1V/V 
G = -10V/V 
G = -100V/V 
G = -1000V/V 




125 
90 
95 
20 
6 










MHz 
MHz 
MHz 
MHz 
MHz 


Full Power Bandwidth 


VouT = ±5V, G = -1V/V, Cc = 3 3pF, Rl = 100O 




16 










MHz 


Slew Rate 


VouT = +5V. G = -1000V/V, Cc = OpF, Rl = lOOfi 
VouT = ±5V, G = -1V/V"" 


400 


500 
440 




* 






V//WS 
V///S 


Phase Margin 


G = -1V/V, Cc - 3 3pF 




40 










Degrees 


GAIN 1 


Open-Loop Voltage Gam 


f = DC, Rl = 2kn, Ta = +25°C 


86 


94 


L- • 




dB J 


INPUT 1 


Offset Voltage""' 


Ta = +25°C 

Ta = -25°C to +85°C 

Ta = -55°C to +125°C 




±1 


±4 
±5 
±6 




±2 


±5 
±10 
±15 


mV 
mV 
mV 


Offset Voltage Drift 


Ta = -25°C to +85°C 
Ta = -55°C to +125°C 






±20 
±20 






±80 
±100 


/iV/°C 
//V/°C 


Bias Current 


Ta = +25°C 

Ta = -25°C to +125°C 




-20 
-20 


-100 
-100 






I 


pA 
nA 


Offset Current 


Ta = -(-25°C 

Ta = -55°C to +125°C 




20 
20 










pA 
nA 


Power Supply Rejection Ratio 
Common-Mode Voltage Range 
Common-Mode Rejection Ratio 
Impedance 
Voltage Noise 


Vcc = ±15V, ±1V 

VcM = -5V to +5V 

Differential and Common-Mode 

10kHz Bandwidth 


-10 
60 


200 

80 

10^^112 
20 


500 

+7 


* 




* 

* 


//V/V 
V 
dB 

QllpF 
nV/VHz 


POWER SUPPLY 1 


Rated (Vcc) 
Operating Range 
Quiescent Current 




±9 


±15 
±30 


±16 
±38 


* 


* 


* 
* 


VDC 
VDC 
mA 


TEMPERATURE RANGE (Ambient)'^' | 


Operating BM, CM 
SM,TM 
Storage 

^jc, (junction to case) 
^CA, (case to ambient 




-25 
-55 
-65 


30 
35 


+85 
+125 
+150 


* 


* 


* 


°C 
"C 

•^c 

°C/W 
°C/W 



♦Specification same as OPA600CM, TM 

NOTES (1) BM, CM grades -25°C to +85°C SM, TM grades -55°C to +125°C (2) Pin 9 connected to +Vcc, pm 7 connected to -Vcc Observe power dissipation 
ratings (3) Pin 9 and pin 7 open Single pulse t = 100ns Observe power dissipation ratings. (4) Pm 9 and pm 7 open See section on Current Boost (5) G = 
-1 V/V Optimum settling time and slew rate achieved by individually compensating each device Refer to section on Compensation (6) Frequency compensation as 
discussed in section on Compensation (7) Adjustable to zero. (8) Heat Sink (optional): lERC LBOCI-72CB with 2 each DCV-1B Clamps 
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MECHANICAL 



CONNECTION DIAGRAM 




Denotes Pin 1 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


963 


980 


24 46 


24 89 


B 


760 


805 


19 30 


20 45 


C 


175 


190 


4 45 


4 83 


D 


014 


022 


36 


56 


G 


100 BASIC 


2 54 BASIC ! 


H 


135 


155 


3 43 


3 94 


K 


230 


270 


5 84 


6 86 


L 


600 BASIC 


15 24 BASIC 


R 


095 1 115 


241 1 292 



NOTES 

1 Leads in true position within 010" 
(0 25mm) R at MMC at seating plane 

2 Pin numbers shown for reference only 



ORDERING INFORMATION 



OPA600 B M Q 



Performance Grade 

B, C = -25°C to +85°C 
S, T = -55°C to +125°C 

Package 

M = Metal DIP 
Hi-Rellablllty Q-Screening — 
(optional) 



Offset Null 
(optional) 



-Input 


3 






+lnput 






16 




NOTES (1 ) Refer to Figure 4 for recommended frequency compensation 
(2) Connect pm 9 to pin 12 and connect pin 7 to pin 6 for maximum output 
current See Application Information for further information (3) Bypass 
each power supply lead as close as possible to the amplifier pms A 1/iF 
CS13 tantalum capacitor is recommended (4) There is no internal 
connection An external connection may be made (5) It is recommended 
that the amplifier be mounted with the case in contact with a ground plane 
for good thermal transfer and optimum AC performance 



ABSOLUTE MAXIMUM RATINGS' 



Supply Voltage, +Vcc to -Vcc ±17V 

Power Dissipation. At Tcase +125°C'^' 1 6W 

Input Voltage Differential ±Vcc 

Common-Mode ±Vcc 

Output Short Circuit Duration to Common <5sec 

Temperature: Pin (soldering, 20sec) +300''C 

Junction'^', Tj +175°C 

Temperature Range Storage -65°C to +150°C 

Operating (case) -55°C to +125°C 



NOTES (1) Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device Exposure to 
absolute maximum conditions for extended periods may affect device 
reliability (2) Long term operation at the maximum junction temperature 
will result in reduced product life Derate internal power dissipation to 
achieve high MTTF 



TYPICAL PERFORMANCE CURVES 

Typical at Ta = +25°C and ±Vcc = 15VDC, unless otherwise specified) 
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COMPENSATION AND SLEW RATE VS GAIN 
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SETTLING TIME VS GAIN 



SETTLING TIME 
VS OUTPUT VOLTAGE CHANGE 
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SETTLING TIME AND 
SLEW RATE VS TEMPERATURE 
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INSTALLATION AND 
OPERATION 

WIRING PRECAUTIONS 

The OPA600 is a wideband, high frequency operational 
amplifier with a gain-bandwidth product exceeding 5GHz. 
This capability can be realized by observing a few wiring 
precautions and using high frequency layout techniques. 
In general, all printed circuit board conductors should 
be wide to provide low resistance, low impedance signal 
paths and should be as short as possible. The entire phys- 
ical circuit should be as small as is practical. Stray capaci- 
tances should be minimized, especially at high impe- 
dance nodes, such as the input terminals of the amplifier 
and compensation pins. Stray signal coupling from the 
output to the input should be minimized. All circuit ele- 
ment leads should be as short as possible and low values 
of resistance should be used. This will give the best cir- 
cuit performance as it will minimize the time constants 
formed with the circuit capacitances and will eliminate 
stray, unwanted tuned circuits. 

Grounding is the most important application considera- 
tion for the OPA600, as it is with all high frequency 
circuits. Ultra-high frequency transistors are used in the 
design of the OPA600 and oscillations at frequencies of 
500MHz and above can be stimulated if good grounding 



techniques are not used. A ground plane is highly 
recommended. It should connect all areas of the pattern 
side of the printed circuit that are not otherwise used. 
The ground plane provides a low resistance, low induc- 
tance common return path for all signal and power 
returns. The ground plane also reduces stray signal 
pickup. 

Point-to-point wiring is not recommended. However, if 
point-to-point wiring is used, a single-point ground 
should be used. The input signal return, the load signal 
return and the power supply common should all be con- 
nected at the same physical point. This eliminates com- 
mon current paths or ground loops which can cause 
unwanted feedback. 

Each power supply lead should be bypassed to ground as 
near as possible to the amplifier pins. A l/uF CS13 tanta- 
lum capacitor is recommended. A parallel O.Ol/uF ceramic 
may be added if desired. This is especially important 
when driving high current loads. Properly bypassed and 
modulation-free power supply lines allow full amplifier 
output and optimum settling time performance. 

OPA600 circuit common is connected to pins 1 and 13; 
these pins should be connected to the ground plane. The 
input signal return, load return, and power supply com- 
mmon should also be connected to the ground plane. 
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The case of the OPA600 is internally connected to circuit 
common, and as indicated above, pins 1 and 13 should be 
connected to the ground plane. Ideally, the case should 
be mechanically connected to the ground plane for good 
thermal transfer, but because this is difficult in practice, 
the OPA600 should be fully inserted into the printed 
circuit board with the case very close to the ground plane 
to make the best possible thermal connection. If the case 
and ground plane are physically connected or are in 
close thermal proximity, the ground plane will provide 
heat sinking which will reduce the case temperature rise. 
The minimum OPA600 pin length will minimize lead 
inductance, thereby maximizing performance. 

COMPENSATION 

The OPA600 uses external frequency compensation so 
that the user may optimize the bandwidth or settling 
time for his particular application. Several performance 
curves aid in the selection of the correct compensations 
capacitance value. The Bode plot shows amplitude and 
phase versus frequency for several values of compensa- 
tion. A related curve shows the recommended compen- 
sation capacitance versus closed-loop gain. 

Figure 1 shows a recommended circuit schematic. Com- 
ponent values and compensation for amplifiers with sev- 
eral different closed-loop gains are shown. This circuit 
will yield the specified settling time. Because each device 
is unique and slightly different, as is each user's circuit, 
optimum settling time will be achieved by individually 
compensating each device in its own circuit, if desired. A 
10% to 20% improvement in settling time has been experi- 
enced from the values indicated in the Electrical Specifi- 
cations table. 
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FIGURE 1. Recommended Amplifier Circuits and 
Frequency Compensation. 



The primary compensation capacitors are Ci and C2 (see 
Figure 1). They are connected between pins 4 and 5 and 
between pins II and 14. Both Ci and C2 should be the 
same value. As Figure 1 and the performance curves 
show, larger closed-loop configurations require less capa- 
citance and improved gain-bandwidth product can be 
realized. Note that no compensation capacitor is required 
for closed-loop gains equal to or above lOOV/ V. If upon 
initial application the user's circuit is unstable, and 
remains so after checking for proper bypassing, ground- 
ing, etc., it may be necessary to increase the compensa- 
tion slightly to eliminate oscillations. Do not over com- 
pensate. It should not be necesary to increase Ci and C2 
beyond lOpF to 15pF. It may also be necessary to indi- 
vidually optimize Ci and C2 for improved performance. 
The flat high frequency response of the OPA600 is pre- 
served and high frequency peaking is minimized by con- 
necting a small capacitor in parallel with the feedback 
resistor (see Figure 1). This capacitor compensates for 
the closed-loop, high frequency, transfer function zero 
that results from the time constant formed by the input 
capacitance of the amplifier, typically 2pF, and the input 
and feedback resistors. The selected compensation capa- 
citor may be a trimmer, a fixed capacitor or a planned 
PC board capacitance. The capacitance value is strongly 
dependent on circuit layout and closed-loop gain. It will 
typically be 2pF for a clean layout using low resistances 
(IkO) and up to lOpF for circuits using larger resitances. 
Using small resistor values will preserve the phase mar- 
gin and avoid peaking by keeping the break frequency of 
this zero sufficiently high. When high closed-loop gains 
are required, a three-resistor attenuator is recommended 
to avoid using a large value resistor with its long time 
constant. 

CAPACITIVE LOADS 

The OPA600 will drive large capacitive loads (up to 
lOOpF) when properly compensated and settling times of 
under 150ns are achievable. The effect of a capacitive 
load is to decrease the phase margin of the amplifier, 
which may cause high frequency peaking or oscillations. 
A solution is to increase the compensation capacitance, 
somewhat slowing the amplifier's ability to respond. The 
recommended compensation capacitance value as a func- 
tion of load capacitance is shown in Figure 2. (Use two 
capcitors, each with the value indicated.) Alternately, 
without increasing the OPA600's compensation capaci- 
tance, the capacitive load may be buffered by connecting 
a small resistance, usually 511 to 500, in series with the 
Output, pin 8. 

For very-large capacitive loads, greater than lOOpF, it 
will be necessary to use doublet compensation. Refer to 
Figure 3 and discussion on slew rate. This places the 
dominant pole at the input stage. Settling time will be 
approximately 50% slower; slew rate should increase. 
Load capacitance should be minimized for optimum 
high frequency performance. 

Because of its large output capability, the OPA600 is 
particularly well suited for driving loads via coaxial 
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FIGURE 2. Capacitive Load Compensation and Response. 

cables. Note that the capacitance of coaxial cable 
(29pF/foot of length for RG-58) will not load the ampli- 
fier when the coaxial cable or transmission line is termi- 
nated in its characteristic impedance. 

SETTLING TIME 

Settling time is defined as the total time required, from 
the input signal step, for the output to settle to within the 
specified error band around the final value. This error 
band is expressed as a percentage of the magnitude of 
the output transition, a lOV step. 
Settling time is a complete dynamic measure of the 
OPA600's total performance. It includes the slew rate 
time, a large signal dynamic parameter, and the time to 
accurately reach the final value, a small signal parameter 
that is a function of bandwidth and open-loop gain. Per- 
formance curves show the OPA600 settling time to ±1%, 
±0.1%, and ±0.01%. The best settling time is achieved in 
low closed-loop gain circuits. 

Settling time is dependent upon compensation. Under- 
compensation will result in small phase margin, over- 
shoot or instability. Over-compensation will result in 
poor settling time. 

Figure 1 shows the recommended compensation to yield 
the specified settling time. Improved or optimum settling 
time may be achieved by individually compensating each 
device in the user's circuit since individual devices vary 
slightly from one to another, as do user's circuits. 

SLEW RATE 

Slew rate is primarly an output, large signal parameter. 
It has virtually no dependencfe upon the closed-loop gain 
or small signal bandwidth. Slew rate is dependent upon 
compensation and decreasing the compensation capaci- 
tor value will increase the available slew rate as shown in 
the performance curve. 

The OPA600 slew rate may be increased by using an 
alternate compensation as shown in Figure 3. The slew 
rate will increase between 700 and 800V/ /lis typical, with 
0.01% settling time increasing to between 175 and 190ns 
typical, and 0.1% settling time increasing, to between 110 
and 120ns typical. 
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FIGURE 3. Amplifier Circuit for Increased Slew Rate. 

For alternate doublet compensation refer to Figure 3. 
For a closed-loop gain equal to —1, delete Ci and C2 and 
add a series RC circuit (R = 220, C = O.Ol/uF) between 
pins 14 and 4. Make no connections to pins 11 and 5. 
Absolutely minimze the capacitance to these pins. If a 
connector is used for the OPA600, it is recommended 
that sockets for pins 11 and 5 be removed. For a PC 
board mount, it is recommended that the PC board 
holes be overdrilled for pins 11 and 5 and adjacent 
ground plane copper be removed. Effectively this com- 
pensation places the dominant pole at the input stage, 
allowing the output stage to have no compensation and 
to slew as fast as possible. Bandwidth and settling time 
are impaired only slightly. For closed-loop gains other 
than —1, different values of R and C may be required. 

OFFSET ADJUSTMENT 

The offset voltage of the OPA600 may be adjusted to 
zero by connecting a SkH resistor in series with a lOkfl 
linear potentiometer in series with another 5kn resistor 
between pins 2 and 15, as shown in Figure 4. It is impor- 
tant that one end of each of the two resistors be located 
very close to pins 2 and 15 to isolate and avoid loading 
these sensitive terminals. The potentiometer should be a 
small noninductive type with the wiper connected to the 
positive supply. The leads connecting these components 
should be short, no longer than 0.5-inch, to avoid stray 
capacitance and stray signal pick-up. If the potenti- 
ometer must be located away from the immediate vicin- 
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FIGURE 4. Offset Null Circuit. 

ity of the OPA600, extreme care must be observed with 
the sensitive leads. Locate the two SkO resistors very 
close to pins 2 and 15. 

Never connect +Vcc directly to pin 2 or 15. Do not 
attempt to eliminate the 5kn resistors because at extreme 
rotation, the potentiometer will directly connect +Vcc to 
pin 2 or 15 and permanent damage will result. 

Offset voltage adjustment is optional. The potentiometer 
and two resistors are omitted when the offset voltage is 
considered sufficiently low for the particular application. 
For each microvolt of offset voltage adjusted, the off- 
set voltage temperature sensitivity will change by 
±0.004mV/°C. 

CURRENT BOOST 

External ability to bypass the internal current limiting 
resistors has been provided in the OPA600. This is 
referred to as current boost. Current boost enables the 
OPA600 to deliver large currents into heavy loads 
(±200mA at +10V). To bypass the resistors and activate 
the current boost, connect pin 7 to — Vcc at pin 6 with a 
short lead to minimize lead inductance and connect pin 9 
to -hVcc at pin 12 with a short lead. 

CAUTION — Activating current boost by bypassing the 
internal current limiting resistors can permanently dam- 
age the OPA600 under fault conditions. See section on 
short circuit protection. 

Not activating current boost is especially useful for 
initial breadboarding. The 50n (±5%) current limiting 
resistor in the collector circuit of each of the output 
transistors causes the output transistors to saturate; this 
limits the power dissipation in the output stage in case of 
a fault. Operating with the current boost not activated 
may also be desirable with small-signal outputs (i.e., 
±1V) or when the load current is small. 
Each resistor is internally capacitively-bypassed (O.Ol/xF, 
±20%) to allow the amplifier to deliver large pulses of 
current, such as to charge diode junctions or circuit capa- 
citance and still respond quickly. The length of time that 



the OPA600 can deliver these current pulses is limited by 
the RC time constant. 

The internal voltage drops, output voltage available, 
power dissipation, and maximum output current can be 
determined for the user's application by knowing the 
load resistance and computing: 

VouT = 14 [Rload ^ (50 + Rload)] 
This applies for Rload less than 100ft and the current 
boost not activated. When Rload is large, the peak out- 
put voltage is typically ±11V, which is determined by 
other factors within the OPA600. 

SHORT-CIRCUIT PROTECTION 

The OPA600 is short-circuit-protected for momentary 
short to common (<5s), typical of those enountered 
when probing a circuit during experimental breadboard- 
ing or troubleshooting. This is true only if pins 7 and 9 
are open (current boost not activated). An internal 50ft 
resistor is in series with the collector of each of the out- 
put transistors, which under fault conditions will cause 
the output transistors to saturate and limit the power 
dissipation in the output stage. Extended application of 
an output short can damage the amplifier due to exces- 
sive power dissipation. 

The OPA600 is not short-circuit-protected when the cur- 
rent boost is activated. The large output current capabil- 
ity of the OPA600 will cause excessive power dissipation 
and permanent damage will result even for momentary 
shorts to ground. 

Output shorts to either supply will destroy the OPA600 
whether the current boost is activated or not. 

HEAT SINKING AND POWER DISSIPATION 

The OPA600 is intended as a printed circuit board 
mounted device, and as such does not require a heat 
sink. It is specified for ambient temperature operation 
from — 55°C to +125°C. However, the power dissipation 
must be kept within safe limits. At extreme temperature 
and under full load conditions, some form of heat sink- 
ing will be necessary. The use of a heat sink, or other 
heat dissipating means such as proximity to the ground 
plane, will result in cooler operating temperatures, better 
temperature performance, and improved reliability. 
It may be necessary to physically connect the OPA600 to 
the printed circuit board ground plane, attach fins, tabs, 
etc., to dissipate the generated heat. Because of the wide 
variety of possibilities, this task is left to the user. For all 
applications it is recommended that the OPA600 be fully 
inserted into the printed circuit board and that the pin 
length be short. Heat will be dissipated through the 
ground plane and the AC performance will be its best. 
With a maximum case temperature of +125°C and not 
exceeding the maximum junction of +175°C, a maxi- 
mum power dissipation of 600mW is allowed in either 
output transistor. 



Burr-Brown IC Data Book 



2-143 



Vol 33 



TESTING 

For static and low frequency dynamic measurements, 
the OPA600 may be tested in conventional operational 
amplifier test circuits, provided proper ground tech- 
niques are observed, excessive lead lengths are avoided, 
and care is maintained to avoid parasitic oscillations. 
The circuit in Figure 3 is recommended for low fre- 
quency functional testing, incoming inspection, etc. This 
circuit is less susceptible to stray capacitance, excessive 
lead length, parasitic tuned circuits, changing capacitive 
loads, etc. It does not yield optimum settling time. We 
recommend placing a resistor (approximately 3000) in 
series with each piece of test equipment, such as a DVM, 
to isolate loading effects on the OPA600. 



To realize the full performance capabilities of the OPA600, 
high frequency techniques must be employed and the test 
fixture must not limit the amplifier. Settling time is the 
most critical dynamic test and Figure 5 shows a recom- 
mended OPA600 settling time test circuit schematic. 
Good grounding, truly square drive signals, minimum 
stray coupling, and small physical size are important. 
The input pulse generator must have a flat topped, fast 
settling pulse to measure the true settling time of the 
amplifier. A circuit that generates a ±5V flat topped 
pulse is shown in Figure 6. 




n 



I I -15VDC 



-A 



^ 






♦O J Output - r""^ 



— ? 



Input = ±5V 

Output = ±5V 

Error Output ±0.5mV (±0 01%) 

(1)0.020 Matclied * -15VDC -isvDC" 

(2) With Ca = Ca = 3 3pF typical, Ci optimized for circuit layout, and Rl = 50O. t. < 100ns. 

(3) Use 51 on with generator of Figure 6. 



Hlf- 



. M 

"•^n 



FIGURE 5. Settling Time and Slew Rate Test Circuit. 
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FIGURE 6. Flat Top Pulse Generator. 
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FEATURES 

• WIDE BANDWIDTH: 6.5MHz 

• HIGH SLEW RATE: 35V/;uS 

• LOW OFFSET: ±Z5Q/uV max 

• LOW BIAS CURRENT: ±1pA max 

• FAST SETTLING: 1//$ to 0.01% 

• UNITY-GAIN STABLE 

DESCRIPTION 

The OPA602 is a precision, wide bandwidth FET 
operational amplifier. Monolithic iJ//<ei (dielec- 
trically isolated FET) construction provides an unu- 
sual combination of high speed and accuracy. 
Its wide-bandwidth design minimizes dynamic errors. 
High slew rate and fast settling time allow accurate 
signal processing in pulse and data conversion appli- 
cations. Wide bandwidth and low distortion minimize 
AC errors. All specifications are rated with a IkO 
resistor in parallel with 500pF load. The OPA602 is 
unity-gain stable and easily drives capacitive loads 
up to 1500pF. 

Laser-trimmed input circuitry provides offset voltage 
and drift performance normally associated with 
precision bipolar op amps. M^i/cf construction 
achieves extremely low input bias currents (IpA 
max) without compromising input voltage noise. 
The OPA602's unique input cascode circuitry main- 
tains low input bias current and precise input char- 
acteristics over its full input common-mode voltage 
range. 

® Burr-Brown Corp 



APPLICATIONS 

• PRECISION INSTRUMENTATION 

• OPTOELECTRONICS 

• SONAR, ULTRASOUND 

• PROFESSIONAL AUDIO EQUIPMENT 

• MEDICAL EQUIPMENT 

• DATA CONVERSION 
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SPECIFICATIONS 

ELECTRICAL 

At Vs = ±15VDC and Ta = +25°C unless otherwise noted. 



PARAMETER 


CONDITIONS 


OPA602AM/AP/AU 




OPA602CM 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


INPUT NOISE 
























Voltage: fo = 10Hz 












23 










nV/x/Hz 


to = 100Hz 












19 










nV/\/Hz 


fo = 1kHz 












13 










nV/x/Hi 


fo = 10kHz 












12 










nV/x/Hz 


fe = 10Hz to 10kHz 












1.4 










/iVrms 


fB = 0.1Hz to 10Hz 












0.95 










mVp-p 


Current- fa = 0.1Hz to 10Hz 












12 










fAp-p 


fo = 0.1Hz to 20kHz 












0.6 










fA/x/Hi 


OFFSET VOLTAGE 
























Input Offset Voltage- 
























"M" Package 


VcM = OVDC 




±300 


±1000 




±150 


±500 




±100 


±250 


//V 


"P" Package 






1 


2 




0.5 


1 








mV 


"U" Package 






1 


3 














mV 


Over Specified Temp: 
























"M" Package 






±550 






±250 


±1000 




±200 


±500 


fjiy 


"P", "U" Packages 






±1.5 






±0.75 


±1.5 








mV 


Average Drift 


Ta = Tmin to Tmax 




* 


±15 




±3 


±5 




*^ 


±2 


//V/°C 


Supply Rejection 


±Vs = 12V to 18V 


70 


* 




80 


100 




86 


* 




dB 


BIAS CURRENT 
























Input Bias Current 


VcM = OVDC 




±2 


±10 




±1 


±2 




±0.5 


±1 


pA 


Over Specified Temp. 






±20 


±500 




±20 


±200 




±10 


±100 


pA 


SM Grade 












±200 


±2000 








pA 


OFFSET CURRENT 
























Input Offset Current 


VcM = OVDC 


1 


10 




05 


2 




0.5 


1 


pA 




Over Specified Temp. 






20 


500 




20 


200 




10 


100 


pA 


SM Grade 












200 


1000 








pA 


INPUT IMPEDANCE 
























Differential 






* 






10"||1 






* 




OllpF 


Common-Mode 






* 






10^*113 






* 




OllpF 


INPUT VOLTAGE RANGE 
























Common-Mode Input Range 




* 


* 




±10.2 


+13, 
-11 
100 




* 


* 




V 


Common-Mode Rejection 


V,N = ±10VDC 


75 


* 




88 




92 


* 




dB 


OPEN LOOP GAIN, DC 
























Open-Loop Voltage Gain 


RL>1kO 


75 


* 




88 


100 




92 


* 




dB 


FREQUENCY RESPONSE 
























Gain Bandwidth 


Gain = 100 


35 


* 




4 


6.5 




5 


* 




MHz 


Full Power Response 


20VP-P, Rl = IkO 




* 






570 






* 




kHz 


Slew Rate 


Vo = ±10V, Rl = IkO 


20 


* 




24 


36 




28 


* 




y/fis 


Settling Time. 0.1% 


Gain = -1, Rl = IkQ 




* 






0.6 






* 




/JS 


0.01% 


Cl = 500pF. 10V step 




* 






1.0 






* 




US 


RATED OUTPUT 
























Voltage Output 


Rl = IkQ 


±11 


* 




±11.5 


+12.9, 
-13.8 






* 


♦ 


V 


Current Output 


Vo ^ ±10VDC 


* 


* 




±15 


±20 




* 


* 




mA 


Output Resistance 


1MHz, open loop 




* 






80 






* 







Load Capacitance Stability 


Gain = +1 




* 






1500 






* 




PF 


Short Circuit Current 




±25 


* 




±30 


±50 




* 


* 




mA 


POWER SUPPLY 
























Rated Voltage 






* 






±15 






* 




VDC 


Voltage Range, 
























Derated Performance 




* 




* 


±5 




±18 


* 




* 


VDC 


Current, Quiescent 


lo = OmADC 




* 


* 




3 


4 




« 


* 


mA 


Over Specified Temp. 






* 


* 




3.5 


4.5 




* 


* 


mA 


TEMPERATURE RANGE 
























Specification 


Ambient temp. 


* 




* 


-25 




+85 


* 




* 


X 


SM Grade 










-55 




+125 








»C 


Operating: "M" Package 


Ambient temp. 


* 




* 


-55 




+125 


* 




* 


X 


"P", "U" Packages 




-25 




+85 


-25 




+85 








°C 


Storage. "M" Package 


Ambient temp. 


* 




* 


-65 




+150 


* 




* 


"C 


"P", "U" Packages 




-40 




+125 


-40 




+125 








"C 


9 Junction-Ambient 






* 






200 






* 




"C/W 



* Specification same as OPA602BM 
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CONNECTION DIAGRAMS 



MECHANICALS 



Top View 




I Output 



Output 



Top View 



Offset Trim iT" 

-InfT 
-Vs|T 




I NO 

-Vs 



3 

3 

6J Output 
5] Offset Trim 



NOTE (1 ) This box is for performance grade 
Identifier' Blank indicates K grade 



tin 



3 



Seating 

Plane 



1 




NOTE Leads in true 
position within 010" 
(0 25mm) R at MMC 
at seating plane 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MINI 


MAX 


A 


335 


370 


85' 


9 40 


B 


305 


335 


7 75 


851 


C 


165 


185 


4 19 


4 70 


D 


016 


021 


41 


53 


E 


010 


040 


25 


' 02 


F 


010 


040 


25 


1 02 


G 


200 BASIC 


5 08 BASIC 


H 


028 


034 


71 


86 


J 


029 


045 


74 


1 14 


K 


500 




127 




L 


110 


160 


2 79 


4 06 


M 


45 SASIC 


45 BASIC 


N 


095 I 105 


2 41 1 2 67 




^ 



SOIC 



mWj 



NOTE Leads in true 
position within 010" 
(0 25mm) R at MMC 
at seating plane 



Pin 1 Identifier 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


355 


400 


9 03 


^016 


Ai 


340 


385 


8 65 


9 80 


B 


230 


290 


5 85 


7 38 


B. 


200 


250 


5 09 


6 36 


C 


120 


200 


3 05 


5 09 


D 


015 


023 


38 


59 


F 


030 


070 


76 


178 


G 


100 BASIC 


2 54 BASIC 


H 


025 050 


64 


1 127 


J 


008 015 


20 


38 


K 


070 150 


1 78 


3 82 


L 


300 BASIC 


7 63 BASIC 


M 





15 





15 


N 


010 


030 


25 


76 


P 


025 


050 


64 


127 




(•H 



NOTE Leads in true position 
within 010" (0 25mm) Rat 
MMC at seating plane 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


185 


201 


4 70 


5 11 


Ai 


178 


201 


4 52 


511 


B 


146 


162 


3 71 


4 11 


B'l 


130 


149 


3 30 


3 78 


C 


054 


145 


137 


3 69 


D 


015 


019 


38 


48 


G 


050 BASIC 


1 27 BASIC 


H 


018 


026 


46 


66 


J 


008 


012 


20 


30 


L 


220 


252 


5 59 


6 40 


M 


0° 


10° 


0=^ 


10° 


N 


000 


012 


000 


30 



Pin numbers shown for reference 
only Numbers are not marked 
on package 



ABSOLUTE MAXIMUM RATINGS 






Supply 


-H18VDC 


Operating Temperature Range "M" -55°C to +125*C 


Internal Power Dissipation (Tj < +175*'C) 


. +1000mW 


"U". "P" -25''C to +85''C 


Differential Input Voltage . . 


.. . Total Vs 


Lead Temperature (soldering, 10s) -t-SOO^C 


Input Voltage Range 


±Vs 


Output Short Circuit to ground (+25''C) Continuous 


Storage Temperature Range "M" 


-65°C to +150*'C 


Junction to Temperature -l-iys^C 


"U", "P" 


-40°C to 4-125°C 





ORDERING INFORMATION 



Model 


Package 


Temperature 
Range 


Offset Voltage 

max (a(V) 


OPA602AM 
OPA602BM 
OPA602CM 
OPA602SM 
OPA602AP 
OPA602BP 
OPA602AU 


TO-99 

TO-99 

TO-99 

TO-99 

Plastic DIP 

Plastic DIP 

Plastic SOIC 


-25°C to +85''C 
-25°C to +85°C 
-25°C to +85°C 
-55°Cto+125°C 
-25°C to +85°C 
-25°C to +85''C 
-25°C to +85°C 


±1000 
±500 
±250 
±500 
±1000 
±500 
±1000 


BURN-IN SCREENING OPTION | 


Model 


Package 


Temperature 
Range 


Burn-In 
Temp. (160h)"' 


OPA602AM-BI 
OPA602CM-BI 
OPA602SM-BI 
OPA602AP-BI 
OPA602BP-BI 
OPA602AU-BI 


TO-99 
TO-99 
TO-99 
Plastic 
Plastic 
Plastic SOIC 


-25°C to +85X 
-25°C to +85°C 
-55°Cto+125°C 
-25°C to +85°C 
-25°C to +85°C 
-25°C to +85°C 


+125°C 
+125°C 
+125°C 
+85°C 
+85''C 
+85''C 



NOTE (1) Or equivalent combination of time and temperature 
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TYPICAL PERFORMANCE CURVES 

Ta = +25°C, Vs = +15VDC unless otherwise noted 
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POWER SUPPLY REJECTION AND COMMON-MODE 
REJECTION vs TEMPERATURE 
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TOTAL INPUT VOLTAGE NOISE SPECTRAL DENSITY 
AT 1kHz vs SOURCE RESISTANCE 



^ 


=P 


rrr-r-rn 


3=] 

If 




!:=q 




- . — , 




— 


9\- 


i 


l|s^ 












y 


^\ 




,;>^ 










y 


1 1 




" t 


.1 

T 


^ 










y 




1 i;ii 


—L-l- 










J 


















/ 


















> 








, 




0PA6( 


)2 + Resist 


or 


^^ 


k'^ 










1 r 


44- 


.,- " 


-x. 












! 










i, 


r 






















Jr 






















/i 


&• 


1 1 










"t 






\^^ 


.'^ 


Resistor noise only ! 
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Temperature (°C) 
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Source Resistance 
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10M 100M 
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COMMON-MODE REJECTION 
INPUT COMMON MODE VOLTAGE 
































































110 
















































































































100 














L 
















































( 






r 




































" 


s 




90 








I 
































































































































































80 
























































7n 














_ 











































-10 -5 -5 -10 

Gommon-Mode Voltage (V) 

GAIN-BANDWIDTH AND SLEW RATE 
vs TEMPERATURE 
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TYPICAL PERFORMANCE CURVES (CONT) 

Ta = +25°C, Vs = ±15VDC unless otherwise noted 



OPEN-LOOP GAIN 
vs TEMPERATURE 




50 25 -25 ^50 -75 M0( 

Ambient Temperature (°C) 

LARGE SIGNAL TRANSIENT RESPONSE 
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MAXIMUM OUTPUT VOLTAGE SWING 
vs FREQUENCY 
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SUPPLY CURRENT 
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TYPICAL PERFORMANCE CURVES (CONT) 

Ta = +25°C, Vs = +15VDC unless otherwise noted 









BIAS AND OFFSET CURRENT 
vs TEMPERATURE 
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BIAS AND OFFSET CURRENT 
vs INPUT COMMON MODE VOLTAGE 
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APPLICATIONS INFORMATION 

Unity-gain stability with good phase margin and excellent 
output drive characteristics bring freedom from the subtle 
problems associated with other high speed amplifiers. But 
with any high speed, wide bandwidth circuitry, careful 
circuit layout ^yill ensure best performance. Make short, 
direct interconnections and avoid stray wiring capacitance 
— especially at»the inverting input pin. 
Power supplies should be bypassed with good high 
frequency capacitors positioned close to the op amp pins. 
In most cases 0.1/uF ceramic capacitors are adequate. 
Applications with heavier loads and fast transient wave- 
forms may benefit from use of 1.0/xF tantalum bypass 
capacitors. 

INPUT BIAS CURRENT GUARDING 

Leakage currents across printed circuit boards can easily 
exceed the input bias current of the OPA602. A circuit 
board "guard*' pattern (Figure 1) is an effective solution to 
difficult leakage problems. By surrounding critical high 
impedance input circuitry with a low impedance circuit 
connection at the same potential, leakage currents will 
flow harmlessly to the low impedance node. 
Input bias current may also be degraded by improper 
handling or cleaning. Contamination from handling parts 



Nonlnverting 



I — vW*— ♦ 




Inverting 



TO-99 Bottom View 



r^ 






r 




To Guard Drive 



Board Layout For Input Guarding 

Guard top and bottom of board 

Alternate— use Teflon® standoff for sensitive input pins 
Teflon® E I Du Pont de Nemours & Co 



FIGURE 1. Connection of Input Guard. 
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and circuit boards may be cleaned with appropriate 
solvents and de-ionized water. Each rinsing operation 
should be followed by a 30-minute bake at +85°C. 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 

APPLICATION CIRCUITS 



duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 





P+Vs 
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n ^ 


OPA602 


>►* r» 


< 

1 


o 




4 


•I 


±10mV Typical 
Trim Range 




O-Vs 


*10knto1Mi. "^rim 
Potentiometer (lOOkQ 
Recommended) 



FIGURE 2. Offset Voltage Trim. 



; ?4?5f6y7^8^9^10^1iyi2^3?i4^1 



DAC7541A Out 

Vreference Out 2 



Smgle-Point Ground 




- (i 



^ Bi B2 B3 B12 

,2 4 8 4096 

-10V < Vref < +10V 
4095 . 

VREF 

Where Bn = 1 if the Bn digital input is high 
Bn = if the Bn digital input is low 



FIGURE 3. Voltage Output D/ A Converter. 



(2) 
HP 5082-2835 



High Quality 
Pulse Generator 



Pulse in 
±5V 



t 



2kO 
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47pF 



— ^A/V 

50O 



->V7V- 



1/iF Tantalum 




VF Tantalum 



l\ \l 



^15V 

i, 



1/iF 



1 






Jj/J*; 
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2N5564 E^^orout 
±0 5mV 
(0 01%) 



^•— Co Output 1 /^ 

I J — 2 

-^ri/22! 
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-15V' 
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FIGURE 4. Settling Time and Slew Rate Test Circuit. 
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BURR -BROWN® 




OPA605 



Wideband Fast-Settling 
OPERATIONAL AMPLIFIER 



FEATURES 

• FAST SETTLING: 230nsec typ to 0.01% 

• WIDE BANDWIDTH: ZOOIVIHz Gain-Bandwidth Product 

• FAST SLEWING: 300\////sec slew rate. Acl > 50 

• LARGE OUTPUT CURRENT: ±20mA min at ±10V 

• LOW VOLTAGE OFFSET AND DRIFT: 500/iV max, 
5//V/°C max 



DESCRIPTION 

The OPA605 is designed to offer a well balanced set 
of both AC and DC specifications. Versatility in fast 
settling, wideband and steady state AC applications 
is provided by the use of a single external com- 
pensation capacitor. This allows the user to optimize 
speed and stability for any particular application. 

The full ±30mA guaranteed minimum output current 
(at ±10V) allows the user to realize the high speed 
features of the OPA605. Unlike most integrated 
circuit wideband amplifiers additional current boost- 



APPLICATIONS 

• PULSE AMPLIFIERS 

• FAST D/A CONVERTERS 

• LINE DRIVERS 

• WAVEFORM GENERATORS 

• HIGH SPEED TEST EQUIPMENT 

• PHOTODiODE AMPLIFIERS 



er circuitry is not needed for most applications. 
The SOOnsec max to 0. 1 % settling time specification is 
guaranteed with a load of 5000 and lOOpF. Also the 
open-loop gain is guaranteed at the full ±30mA 
output. 

In addition to the excellent wideband and fast settling 
characteristics, the OPA605 also offers outstanding 
DC performance. Offset voltages are as low as 500ju V 
max and offset voltage drift versus temperature of 
only 5jLiV/"C max is available. 
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SPECIFICATIONS 



ELECTRICAL 

Specifications at Ta = +25°C and ±Vcc = il5VDC unless otherwise noted. 



MODEL 


OPA605HG/OPA605AM 


OPA605KQ/OPA605CM 


UNITS 1 


PARAMETER 


CONDITION 


MIN 


TYP 


MAX 


MIN 1 TYP 1 MAX 


OPEN-LOOP GAIN. DC 1 


Full Load 


Vo = ±10V.RL = 33pn 


80 


96 










dB 


No Load 


Vo = ±10V.RL^tOkn 




102 










dB 1 


RATED OUTPUT | 


Voltage 


lo = ±30mA 


±10 


±12 










V 


Current 


Vo = ±10V 


±30 


±50 




* 


* 




mA 


Output Resistance 


Open Loop 




200 






* 




n 


Short Circuit Current 


Internal Limits(i) 


±30 


±50 


±80 








mA 


Capacitive Load(2) 


AcL = -1.Cc = 20pF 


500 












pF 


DYNAMIC RESPONSE | 


Gam-Bandwidth Product 


















AcL = 1000.Cc=0 






200 






•• 




MHz 


AcL = -1.Cc = 20pF 






20 










MHz 


Slew Rate 


RL = 330n.Vo = 0to+10V. 
















AcL ^ 50. Co = 


to -10V 




300 










V/^sec 


AcL = -1.Cc = 20pF 




80 


94 




• 






VVsec 


Full Power Bandwidth 


Rl = 330n. Vo = ±iov, 
AcL=-1.Cc=20pF 


13 


15 










MHz 


Settling Time. Av = -1(3) 


Cc = 20pF, Rl = 500f I. 

CL = 100pF. Vo = 0to+10V, 

to -10V 
















t = 1% 






200 










nsec 


t = 01% 






230 


500 








nsec 


€=001% 






350 










nsec 


Small-Signal Overshoot 


Av = -1. Co = 20pF.RL = 500(1 
Cl - lOOpF 







20 






* 


% 


INPUT OFFSET VOLTAGE 1 


Initial Offset 


Ta = +25°C 




±0.25 


±10 






±0 5 


mV 


vs Temperature 


TLtoTH.VcM = 






±25 






±5 


^V/°C 


vs Supply Voltage 






±30 


±200 








>iV/V 


Adjustment Range<4) 


Circuit in 
"Connection Diagram" 




±9 










mV 


INPUT BIAS CURRENT | 


Initial Bias 


Ta = +25°C. VcM = 




-5 


-35 






• 


pA 


vs Temperature 


Tl to Th 




Notes 












vs Supply Voltage 






02 










pAA/ 


vs VCM 






Notes 






* 






INPUT DIFFERRENCE CURRENT | 


Initial Difference 


Ta = +25°C, VcM = 




±2 










pA 


vs Temperature 






Note 5 












vs Supply Voltage 






05 










pAA/ 


VOLTAGE NOISE DENSITY Rs ^ 1 0011 | 




fo = 10Hz 




22 










nV/s/Hz 




fo = 100Hz 




11 










nV/v Hz 




fo = 1kHz 




8 










nV/vTHz 




fo = 10kHz 




6 










nV/v/Hz 




fo = 100kHz 




6 










nVv/Hz 


INPUT IMPEDANCE | 


Differential 


















Resistance 






1011 










II 


Capacitance 






3 










pF 


Common-Mode 


















Resistance 






1011 










11 


Capacitance 






3 










pF 


INPUT VOLTAGE RANGE | 


Common-Mode Voltage 


Linear Operation 
















Range 




±10 


±12 






• 




V 


Common-Mode Rejection 




70 


90 




80 


• 




dB 


POWER SUPPLY 1 


Rated Voltage 






±15 


! 






VDC 


Voltage Range 


Derated Performance 


±5 




±18 i * 






VDC 


Current, Quiescent 






±7 2 


±9 1 






mA 


TEMPERATURE RANGE | 


Specification 


















HG, KG Grades 


Tl to Th 







+70 








°C 


AM, CM Grades 


Tl to Th 


-25 




+85 








°C 


Operating 


Derated Performance 


-55 




+125 








°C 


Storage 




-65 




+150 








°C 



NOTES: 'Specifications same as for OPA605HG/AM (1 ) Current limit may be increased with external resistors. (2) Al- 
lowable capacitive load depends on several factors. See Compensation section. (3) Settling Time measured in circuit of 
Figure 4. (4) Adjustment affects voltage drift vs temperature by approximately ±0.3//V/*'C for each 100//V of offset adjusted. 
(5) Doubles approximately every S.S'C. (6) See Typical Performance Curves. 
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PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 



Supply ±20V 

Internal Power Dissipation "' 

Differential Input Voltage"" ±20VDC 

Input Voltage, Either Input"*' ±20VDC 

Storage Temperature Range -SS^C to +160°C 

Operating Temperature Range -55°C to +125'C 

Lead Temperature (soldering 10 seconds) +300'*C 

Output Short-Circuit Duration'^' Continuous 

Junction Temperature +175°C 



1 No Internal Connection 

2 Optional Frequency Compensation 

3 Offset" Adjust 

4 Inverting Input 

5 Noninverting Input 

6 -Vcc 

7 Optional Short Circuit Adjust 

8 Optional Short Circuit Adjust 

9 Offset Adjust 

10 Output 

11 +Vcc 

12 Frequency Compensation 

13 No Internal Connection* 

14 No Internal Connection 
* Case on metal package 



014 


10 


013* 


20 


OJ2 


30 


011 


40 


O10 


50 


09 


60 


08 


70 



Bottom View 
Pin numbers shown for reference only 
Numbers are not marked on package 
Pin 13 IS case on metal unit 



NOTES: (1 ) Package must be derated according to details in the Appli- 
cation Information section. (2) For supply voltages less than ±20VDC, 
the absolute maximum input is equal to the supply voltage. (3) Short 
circuit to ground only See Short Circuit Protection discussion in the 
Application Information section. 



CONNECTION DIAGRAM 




+Vcc OFFSET VOLTAGE 


(1— — 1,1, ADJUSTMENTd) 


Ai^^^UTlOOK +Rsc(2) 


/ ^*^i^ ^ . ' ''^"''''''' 1 


-VlN-^-Qf- ^^"Qt) ! 


I ^^s.ir\ i 


»— OUTPUT 


+V.N-— ^+ ^xC^ ! 






r 1 — ^v.*^ — ' 






-RSC(2) 




T'Hi-- „cc 







NOTES. (1 ) Offset voltage adjustment affects voltage drift versus temp- 
erature by approximately ±0 3//V/°C for each 100/iV of offset adjusted 
(2) Optional resistors to increase current limits See Application Informa- 
tion (3) Optional frequency compensation See Application Information 



MECHANICAL 



METAL PACKAGE— "M" 



n 



-K 



£ 



r 



^Tl. 



U- 



i 




•— H 






> 00 OO ^ 


tn 


\^ 


2 3 4 5 6 7* 
4131211109 8 
> e e e 



. Pin numbers shov\m for reference 
only. Numbers are not marked 
on package. 



NOTE- Leads in true position 
within 0.010" (0 25mm) R at MMC 
at seating plane. 



DIM 


INCHES 


MILLIMETERS j 


MIN 


MA)^ 


MIN 


MAX 


A 


860 


880 


2184 


22 35 


B 


490 


510 


12 45 


12 95 


C 


170 


250 


4 32 


6 35 


D 


016 


021 


041 


53 


G 


,100 BASIC 


^.54 BASIC 1 


H 


115 


155 


2 92 


3 94 


K 


150 


300 


3.81 


7 62 


L 


300 BASIC 


7 62 BASIC 


R 


080 1 .120 


203 1 305 



CERAMIC PACKAGE— "G" 




hJI — I 



Seating Plane 



E 



NOTES. 

(1) Leads in true position within 0.010" 
(0.25mm) R at MMC at seating plane 

(2) Pin material and plating composition 
conform to method 2003 (solderability) 
of MIL-STD-883 (except 

paragraph 3.2) 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


770 


810 


19 56 


2057 


B 


480 


500 


1219 


12 70 


C 


155 


215 


3 94 


546 


D 


016 


020 


041 


051 


G 


100 BASIC 


2 54 BASIC 


H 


080 


110 


2 03 


2 79 


J 


009 


012 


023 


030 


K 


150 


210 


3 81 


5 33 


L 


300 BASIC 


7 62 BASIC 


N 


015 1 035 


038 1 0.89 



Burr-Brown IC Data Book 



2-154 



Vol. 33 



TYPICAL PERFORMANCE CURVES 



Ta = +25°C, Vcc = ±15VDC unless otherwise noted. 



COMPENSATION CAPACITANCE AND 
SLEW RATE VS NONINVERTING GAIN 



POWER DERATING 



^100 

i 80 
O 

i 40 
O 20 



w 



I III I III 

Noninverting gain = 1//3 



yp = 



Rf + R. 



1 2 3 5 10 100 

Noninverting Gam 



OPEN-LOOP GAIN 
VS FREQUENCY 
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=7 


3pF 
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"^ 



S* 45 
Q 

E 90 
<o 

0) 
(0 

« 135 

CL 
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25 75 125 

Temperature (°C) 

OPEN-LOOP PHASE SHIFT 
VS FREQUENCY 





\ \r*' 


.>.v "^^y^-^ 


Cc ='20pF "\ \ 


Cc = OpF-^\^ 





AC PARAMETERS 
VS TEMPERATURE 












T —\ \ 

AcL = -1V/V 










Cc = 20pF 

1 1 1 
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COMMON-MODE REJECTION 
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LARGE SIGNAL TRANSIENT 
RESPONSE 
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POWER SUPPLY REJECTION 
VS FREQUENCY 
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AcL 


= +1V/V. Cc=40pF 
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RL=500aCL = 100pF 

- - J- J 1 - - - -1 --1 
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Frequency (Hz) 



COMMON-MODE REJECTION VS 
COMMON-MODE VOLTAGE 
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BIAS CURRENT VS 
COMMON-MODE VOLTAGE 
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-10 -5 +5 +10 
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E 75 



QUIESCENT CURRENT VS 
SUPPLY VOLTAGE 



Ta = -25°C 



Ta = +86°C 



Ta = +25''C 



5 10 15 20 

Supply Voltage. ±Vcc (V) 
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R 20 
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APPLICATION INFORMATION 



SLEW RATE 

Slew rate is a large signal output parameter. It is primarily 
dependent on the compensation capacitor value (Cc) and 
has almost no dependence on changes in the closed loop 
gain or bandwidth. Typical values of slew rate versus 
compensation capacitor value are shown in the Typical 
Performance Curves. Decreasing the compensation ca- 
pacitance increases the slew rate but reduces the frequency 
stability of the closed-loop circuit. Stray circuit capaci- 
tances may appear as added compensation to the ampli- 
fier. Therefore, stray capacitances should be minimized to 
avoid limiting slew rate performance. 

BANDWIDTH 

The closed-loop bandwidth is a small signal parameter. It 
is dependent on the open-loop frequency response of the 
op amp (which is determined by the value of the 
compensation capacitor, Cc) and the external closed-loop 
circuitry applied to the amplifier. Requirements for 
increased bandwidth and more frequency stability result 
in opposing constraints on the circuitry and generally the 
final selection of circuit values represents a compromise 
between the two needs. 

SETTLING TIME 

Settling time is defined as the total time required, 
measured from the input signal step, for the output to 
settle to within the specified error band around the final 
value. The error band is expressed as a percent of the full 
scale output voltage (lOV) and the output transition is 
from OV to +10V or OV to -lOV. 

Settling time depends on slew rate (discussed above) and 
the time to reach the final value after the slew portion of 
the transition is complete. The latter is a function of the 
closed-loop bandwidth (discussed above) and the closed- 
loop gain. Thus, settling time is a function of both the 
open-loop frequency compensation (value of Cc) and the 
particular closed-loop circuit configuration. The best 
settling time is generally obtained at low gains. 

COMPENSATION 

The OPA605 uses external frequency compensation 
which allows the user to optimize slew rate, bandwidth 
and settling time for a particular application. As men- 
tioned previously, compensation is normally a com- 
promise between the desired speed and the necessary 
frequency stability - the higher the speed the lower the 
value of Cc and the less stable the circuit. Several of the 
Typical Performance Curves provide information to aid 
in the selection of the correct value of compensation 
capacitor. In addition, several typical circuits show 
recommended compensation in different applications. 

The value of compensation capacitor required for stability 
is a function of the amount of negative feedback used in 
the particular application. 



This is characterized as l/)3, where j8 is the "feedback 
factor". Ijfi is also equal to the gain in noninverting 
configurations (see figures 2 and 3). 



'i 








. ^ II 


^ 




V_**A.- 


/->VV^-*^^ -OUT 
16(1 



FIGURE 1. Unity Gain Follower. 




FIGURE 2. Unity Gain Inverting. 




FIGURE 3. Gain of + IOV. 

The OPA605 may be compensated in either one of two 
ways. In the primary compensation method, Cc is con- 
nected between pins 10 and 12. Alternately the amplifier 
may be compensated with Cc' between pins 12 and 2 (see 
Connection Diagram). Normally the use of Cc is recom- 
mended. The use of Cc' will give lower output impedance 
at higher frequencies. This can be an advantage in some 
applications, but the effects are subtle and must be 
determined empirically. 

Improved stability with larger capacitive loads may be 
obtained by connecting a small resistor (a value of 16(1 is 
recommended) in series with the output (see figures 2 
through 4). 
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Flat high frequency closed-loop frequency response may 
be preserved and any high frequency peaking reduced by 
connecting a small capacitor (Cf in the examples) in 
parallel with the feedback resistor. This capacitor will 
compensate for the high frequency closed-loop transfer 
function zero formed by the capacitance at the amplifier's 
input and the input and feedback resistors. Ci may be a 
trimmer capacitor, a fixed capacitor or a planned printed 
circuit board capacitance. Typical values range from OpF 
to 5pF. 

WIRING PRECAUTIONS 

Of all the wiring precautions, grounding is the most 
important. A good ground plane and good grounding 
practices should be used. The ground plane should 
connect all areas of the pattern side of the printed circuit 
board that are not otherwise used. The ground plane 
provides a low resistance, low inductance common return 
path for all signal and power returns. 
If point-to-point wiring is used (no ground plane), single 
point grounding should be used. The input signal return, 
the load signal return and the power supply common 
should all be connected at the same physical point. This 
will eliminate any common current paths or ground loops 
which could cause signal modulation or unwanted 
feedback. 

Each power supply lead should be bypassed to ground as 
near as possible to the amplifier pins. 

All printed circuit board conductors should be wide to 
provide low resistance, low inductance connections, and 
should be as short as possible. In general, the entire 
physical circuit should be as small as practical. Stray 
capacitance should be minimized especially at high 
impedance nodes. Pin 4, the inverting input is especially 
sensitive to capacitance and all connections to that point 
must be short. 



Error SIgnil, "S" 



within ±0.1% of 10V. 




-470pF^1;,F J 

NOTES: 

1. Fast recovory diodes. HP5082-2811. 

2. R5 optlonil. Improves frequency stability when driving large 
capacltive loads. 

a Resistive load at Vgyj Is 500(1 due to IK feedback resistors. 
4. Not included on printed circuit layout. 



Input and feedback resistors should be kept as small in 
value as practical: values less than 5.6kn are recom- 
mended. This will minimize performance limitations 
caused by the time constants formed by these resistors 
and circuit capacitances. 




FIGURE 5. Dynamic Test Circuit Layout. 

SHORT CIRCUIT PROTECTION 

Short circuit protection to common is provided by 
internal current limiting resistors. (Output shorts to either 
supply can destroy the device.) The current limits may be 
increased by paralleling the internal resistors with external 
resistors, Rexi connected between pins 7 and 10 and pins 
8 and 10. The short-circuit current is then Isc ^ 0.05 + 
0.6/ Rex i (in amps). The power derating constraints must 
be observed when modifying the current limits. Details 
are given by the thermal model. 

THERMAL MODEL 

Figure 6 is the thermal model for the OPA605 where: 

Tj = Junction temperature (output load) 

Tj* = Junction temperature (no load) 

Tc = Case temperature 

Ta = Ambient temperature 

6cA = Thermal resistance, case-to-ambient 

Pdq = Quiescent power dissipation 

|+Vcc| I+QUIESCENT + |— Vcc| I-QUIESCENT 

Pdx = Power dissipation in the output transistor 

= (VoUT ~ Vcc) loUT 

(In a complementary output stage only one output 
transistor is conducting current at a time.) 



T/ 



••oo 



02= > 0| = 
30«i:/W f 40»C/W 



:»CA 



(bhx 



Metal Case 


Ceramic Case 


50-C/W 


75*C/W 



^CA 



Tj = Ta + Pflo J^2 * ^ca) * Pox 1^1 + «2 * «ca) 



FIGURE 4. Dynamic Test Circuit. 



FIGURE 6. Thermal Model. 

This model yields a Power Derating curve which is a 
function of Pdq. See Typical Performance Curves. 
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BURR-BRO>VN® 




OPA606 



AVAILABLE IN 
DIE FORM 



Wide-Bandwidth Z7xX?/® 
OPERATIONAL AMPLIFIER 



FEATURES 

• WIDE BANDWIDTH, ISMHz typ 

• HIGH SLEW RATE. 35V/AiSeG typ 

• LOW BIAS CURRENT. IQpA max at Ta = +25° C 

• LOW OFFSET VOLTAGE. 500/iV max 

• LOW DISTORTION. 0.0035% typ at 10kHz 



DESCRIPTION 

The OPA606 is a wide-bandwidth monoHthic dielec- 
trically-isolated FET {^//iet®) operational ampU- 
fier featuring a wider bandwidth and lower bias cur- 
rent than BIFET® LF156A amplifiers. Bias current 
is specified under warmed-up and operating condi- 



O/fef® Burr-Brown Corp , Bifet® National Semiconductor Corp. 



APPLICATIONS 

• OPTOELECTRONICS 

• DATA ACQUISITION 

• TEST EQUIPMENT 

• AUDIO AMPLIFIERS 



tions, not at a JUNCTION temperature of +25°C. 
Laser-trimmed thin-film resistors offer improved 
offset voltage and noise performance. 

The OPA606 is internally compensated for unity- 
gain stability. 




Y 1 G 



OUTPUT 



SIMPLIFIED CIRCUIT 



International Airport Industrial Park - P.O. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx. 910-952-1111 - Cable. BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 



ELECTRICAL 

At Vcc = ±15VDC and Ta = 



; + 25° C unless otherwise specified 



PARAMETER 


CONDITIONS 


OPA606KM/SM 


OPA606LM 


OPA606KP 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 1 MAX 


FREQUENCY RESPONSE | 


Gam Bandwidth 


Small signal 


10 


125 




11 


13 




9 


12 




MHz 


Full Power Response 


20V p-p, Rl = 2kQ 




515 






550 






470 




kHz 


Slew Rate 


Vo = ±10V, 
Rl = 2kQ 


22 


33 




25 


35 




20 


30 




V/Afsec 


Settling Time'". 1% 


Gam = -1, 
Rl = 2kO 




1 






10 






10 




/isec 


0.01% 


10V step 




21 






21 






21 




/isec 


Total Harmonic Distortion 


G = +1, 20V p-p 
Rl = 2kn. 
f = 10kHz 




0035 






0035 






0035 




% 


INPUT 1 


OFFSET VOLTAGE"'' 
























Input Offset Voltage 


VcM = OVDC 




±180 


±1.5mV 




±100 


±500 




±300 


±3mV 


^v 


Average Drift 


Ta = Twin to Tmax 




±5 






±3 


±5 




±10 




//V/°C 


Supply Rejection 


Vcc = +10V to +18V 


82 


100 




90 


104 




80 


90 




dB 








±10 


±79 




±6 


±32 




±32 


±100 


ywV/V 


BIAS CURRENT'^'' 
























Input Bias Current 


VcM = OVDC 




±7 


±15 




±5 


±10 




±8 


±25 


pA 


OFFSET CURRENT"" 
























Input Offset Current 


VcM = OVDC 




±0 6 


±10 




±0 4 


±5 




±1 


±15 


pA 


NOISE 
























Voltage, fo = 10Hz 


100% tested (L) 




37 






30 


40 




37 




nV/\/Hz 


100Hz 


100% tested (L) 




21 






20 


28 




21 




nV/x/Hi 


1kHz 


100% tested (L) 




14 






13 


16 




14 




nV/x/Hz 


10kHz 


(3) 




12 






11 


13 




12 




nV/\/Hz 


20kHz 


(3) 




11 






105 


13 




11 




nV/x/Hz 


fe^lOHz to 10kHz 


(3) 




1 3 






1 2 


1 5 




13 




/iV rms 


Current, fo = 1Hz thru 20kHz 


(3) 




1 5 






13 


2 




1 7 




fA/x/Hz 


IMPEDANCE 
























Differential 






10^=^ II 1 






10'=* II 1 






10'" II 1 




II pF 


Common-Mode 






10^" II 3 






10^* II 3 






10'" II 3 




fi II pF 


VOLTAGE RANGE 
























Common-Mode Input Range 




±10 5 


±115 




±11 


±11.6 




±10 2 


±11 




V 


Common-Mode Rejection 


ViN = ilOVDC 


80 


95 




85 


96 




78 


90 




dB 


OPEN-LOOP GAIN, DC | 


Open-Loop Voltage Gam 


Rl > 2kn 


ea 


115 




100 


118 




90 


110 1 1 dS 1 


RATED OUTPUT | 


Voltage Output 


Rl = 2kO 


±11 


±12 2 




) ±12 


±12 6 




±11 


±12 




V 


Current Output 


Vo = ilOVDC 


±5 


±10 




±5 


±10 




±5 


±10 




mA 


Output Resistance 


DC, open loop 




40 






40 






40 







Load Capacitance Stability 


Gam -- +1 




1000 






1000 






1000 




pF 


Short Circuit Current 




10 


20 




10 


20 




10 


20 




mA 


POWER SUPPLY 1 


Rated Voltage 






±15 






±15 






±15 




VDC 


Voltage Range, 
























Derated Performance 




±5 




±18 


±5 




±18 


±5 




±18 


VDC 


Current, Quiescent 


lo = OmADC 




65 


95 




62 


9 




65 


10 


mA 


TEMPERATURE RANGE | 


Specification 


Ambient temp 
























KM, KP, LM 







+70 







+70 







+70 


°C 




SM 


-55 




+125 














°C 


Operating 


Ambient Temp 


-55 




+125 


-55 




+125 


-25 




+85 


°C 


d Junction-Ambient 






200 






200 






155 




°C/W 



NOTES (1) See settling time test circuit in Figure 2 (2) Offset voltage, offset current, and bias current are measured with the units fully warmed up (3) Sample 
tested— this parameter is guaranteed on L grade only 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

At Vcc = ±15VDC and Ta = Twin to Tmax unless otherwise noted. 



PARAMETER 


CONDITIONS 


OPA606KM/SM 


OPA606LM 


OPA606KP 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


TEMPERATURE RANGE | 


Specification Range 


Ambient temp KM 
SM 



-55 




+70 

+125 







+70 







+70 


°C 

°c 


INPUT 1 


OFFSET VOLTAGE"' 

Input Offset Voltage 

Average Drift 
Supply Rejection 


VcM = OVDC KM 
SM 

Vcc = ±10Vto±18V 


80 


±400 
±680 

±5 
98 

±13 


±2mV 
±3mV 

±100 


85 


±335 

±3 
100 
±10 


±750 
±5 
±56 


78 


±750 

±10 
95 
±18 


±3 5mV 
±126 


//V 

/iV 
A(V/°C 

dB 
//V/V 


BIAS CURRENT" 

Input Bias Current 


VcM = OVDC KM 
SM 




±158 
±7 2 


±339 
±154 




±113 


±226 




±181 


±566 


pA 
nA 


OFFSET CURRENT'" 

Input Offset Current 


VcM = OVDC KM 
SM 




±14 
±614 


±226 
±10.2nA 




±9 


±113 




±23 


±339 


pA 
pA 


VOLTAGE RANGE 

Common-Mode Input Range 
Common-Mode Rejection 


V,N = ilOVDC 


±10 4 
78 


±114 
92 




±10 9 
82 


±11.5 
95 




±10 
75 


±10 9 
88 




V 
dB 


OPEN-LOOP GAIN, DC | 


Open-Loop Voltage Gam 


Rl > 2kfi 


90 


106 




95 


11^ 




88 


104 




dB 1 


RATED OUTPUT | 


Voltage Output 
Current Output 


Rl = 2kO 
Vo = ±10VDC 


±10 5 

±5 


±12 
±10 




±11 5 

±5 


±12.4 
±10 




±10 4 

±5 


±11 8 
±10 




V 
mA 


POWER SUPPLY 1 


Current, Quiescent 


lo = OmADC 




66 


10 




64 


95 




6.6 


105 


mA 1 



NOTES (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up 



ORDERING INFORMATION 



OPA606 X X 



Basic model number- 
Performance grade - 



K, L = 0°C to +70°C 
S = -55°C to -M25°C 
Package code - 



M = TO-99 metal can 

P = 8-pin plastic DIP (K grade only) 



CONNECTION DIAGRAMS 



ABSOLUTE MAXIMUM RATINGS 



Supply ±18VDC 

Internal Power Dissipation"' SOOmW 

Differential Input Voltage ±36VDC 

Input Voltage Range'^' ±18VDC 

Storage Temperature Range M = -65°C to +150°C, P = -40''C to +85°C 

Operating Temperature Range. . . M = -55°C to +125*'C, P = -40°C to +85°C 

Lead Temperature (soldering, 10 seconds) +300*'C 

Output Short Circuit Duration'^' Continuous 

Junction Temperature +175°C 



TOP VIEW 


NC 


TO-99 


OFFSET^rv^ 
mmyj 




VT^+Vcc 


-iN(n — T" 




>-^ OUTPUT 


+IM(t)^^ 


-Vcc 


^r^OFFSET 
^Xy TRIM 

CASE IS CONNECTED TO Vcc 



MECHANICAL 



NOTES- (1) Packages must be derated based on &jc = 15°C/W or ^ja. (2) For 
supply voltages less than ±18VDC, the absolute maximum input voltage is equal to 
the negative supply voltage. (3) Short circuit may be to power supply common 
only. Rating applies to +25''C ambient. Observe dissipation limit and Tj. 
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MECHANICAL 



MECHANICAL 



"M" PACKAGE 

NOTE Leads in true position 
within 01" (0 25mm) Rat 
MMC at seating plane 




TO-99 (Hermetic) 

Pin numbers shown for refer- 
ence only. Numbers may not be 
marked on package 
Pin material and plating com- 
position conform to Method 
2003 (solderability) of MIL- 
STD-883 (except paragraph 3 2) 



DIM 


INCHES "'■ 


MILLIMETERS | 










A 


336 


370 


851 


9 40 




306 


335 




























010 


040 


25 


1 02 






040 








200 BASIC 


5 OS BASIC 1 




028 


034 




86 














500 




12 7 






110 






406 




45° B A 




450 BASIC 1 


N 




105 


241,1257 



"P" PACKAGE 

NOTE Leads in true position 
within 01" (0.25mm) Rat 
MMC at seating plane 



Plastic DIP 

Pin numbers shown for refer- 
ence only. Numbers may not be 
marked on package 
Pin material and plating com- 
position conform to Method 
2003 (solderability) of MIL- 
STD-883 (except paragraph 3 2) 




TYPICAL PERFORMANCE CURVES 

Ta = h25°C, Vcc = ±15VDC unless otherwise noted. 
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OPEN-LOOP FREQUENCY RESPONSE 
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TYPICAL PERFORMANCE CURVES (CONT) 

Ta = +25"* C, Vcc = ±15VDC unless otherwise noted. 



30 




MAXIMUM UNDISTORTED OUTPUT 
VOLTAGE vs FREQUENCY 
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GAIN-BANDWIDTH AND SLEW RATE 
vs SUPPLY VOLTAGE 
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OPEN-LOOP GAIN vs TEMPERATURE 
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TYPICAL PERFORMANCE CURVES (CONT) 

T« = +25°C, Vcc = ±15\/DC unless otherwise noted 



SMALL SIGNAL TRANSIENT RESPONSE 



LARGE SIGNAL TRANSIENT RESPONSE 




APPLICATIONS INFORMATION 

OFFSET VOLTAGE ADJUSTMENT 

The OPA606 offset voltage is laser-trimmed and will 
require no further trim for most applications. As with 
most amplifiers, externally trimming the remaining offset 
can change drift performance by about 0.5fxV/°C for 
each millivolt of adjusted offset. Note that the trim (Fig- 
ure 1) is similar to operational amplifiers such as LFI56 
and OP-16. The OPA606 can replace most other amplifi- 
ers by leaving the external null circuit unconnected. 





< 


D+Vcc 






V 


1 ifiooko 






2 


"^ 










3 


0PA606 ^^ 

^^^ ±50mV TYPICAL 










\^ 


^ TRIM RANGE 






*10kQ TO IMQ 






TRIM POTENTIOMETER 




-Vcc O (lOOKQ RECOMMENDED) 



FIGURE 1. Offset Voltage Trim. 

INPUT PROTECTION 

Static damage can cause subtle changes in amplifier 
input characteristics without necessarily destroying the 
^device. In precision operational amplifiers (both bipolar 
and FET types), this may cause a noticeable degradation 




of offset voltage and drift. Static protection is recom- 
mended when handling any precision IC operational 
amplifier. 

If the input voltage exceeds the amplifier's negative 
supply voltage, input current limiting must be used to 
prevent damage. 

CIRCUIT LAYOUT 

Wideband amplifiers require good circuit layout tech- 
niques and adequate power supply bypassing. Short, 
direct connections and good high frequency bypass 
capacitors (ceramic or tantalum) will help avoid noise 
pickup or oscillation. 



g 

< 

UJ 
Q. 
O 



+15V 
O— 



-fSV r— 

o 

-5V-J 



2kQ 0.1% 
O — f — V/v— ^ 



5kQ 
0.1% 



SCOPE 




2N4416 



IIOOpF 
3kO 

G = -l 



+15V 
-— O 



FIGURE 2. Settling Time Test Circuit. 
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GUARDING AND SHIELDING 

As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input leads. If large feedback resistors are used, they 
should also be shielded along with the external input 
circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the OPA606. To avoid leakage 
problems, it is recommended that the signal input lead of 
the OPA606 be wired to a Jeflon® standoff. If the 
OPA606 is to be soldered directly into a printed circuit 
board, utmost care must be used in planning the board 
layout. 

A "guard" pattern should completely surround the high 
impedance input leads and should be connected to a low 
impedance point which is at the signal input potential 
(see Figure 3). 



APPLICATIONS CIRCUITS 



NON-INVERTiNG 



BUFFER 



I — AV— ^>- 



: 3 OPABO^-i-O _ I J 3 



OUT 




0PA606 



INVERTING 



TO-99 BOTTOM VIEW 



6 

IN / 







0PA606 



^OUT 




MINI-DIP BOTTOM VIEW 



) LAYOUT 
FOR INPUT GUARDING 
Guard top and bottom of board. 
Alternate: use Teflon® standoff 
for sensitive input pins. 

Teflon® E I Du Pont 
de Nemours & Co 




FIGURE 3. Connection of Input Guard. 



INPUT { 



ikn 



BANDWIDTH > 1MHz 
Ts « 1.8/isec (0.01%) 
GAIN = -10V/V 



lOkQ 



+15VDC 



Q.\fjf 




*—0 OUTPUT 



-15VDC 



FIGURE 4. Inverting Amplifier. 



+15VDC 



BANDWIDTH > 12MHz 
GAIN = +1V/V 
R,N «« lO'^fi 




-O OUTPUT 



FIGURE 5. Noninverting Buffer. 



CURRENT 
INPUT 



-\4- 




OUTPUT 

VOLTAGE 

OEo 



Eo = |i| R = IV/yt/A 



FIGURE 6. Absolute Value Current-to-Voltage Converter. 
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3 METAL-FILM 
RESISTORS 



<«0.2pF IF NECESSARY TO 
PREVENT GAIN PEAKING 

ir 1 



ISOkO ISOKQ ISOkn 



> 



PIN PHOTODIOOE 
, MOTOROLA 3 

, MRD72t 



0.1iuF 




MOkQ 



o 

+15V 



1. CIRCUIT MUST BE WELL SHIELOEO. 

2. STRAY CAPACITANCE IS CRITICAL. 

3. BANDWIDTH ^ 1MHz. 

4. OUTPUT ~ 2.2V/mW/ciii'' 




lOkn 



lOOn 

OPTIMIZE RESPONSE 
FOR PARTICULAR LOAD 
CONDITION WITH Ci AND Ri. 



-o~n 



load: 



o 

< 

a. 
O 



FIGURE 8. Isolating Load Capacitance from Buffer. 



DIFFERENTIAL GAIN = 1 + (2 X 10kn)/Ro 




DIFFERENTIAL S^Q 
INPUT ?2«tfi 



.BANDWIDTH '"1.2MHz 

2. DIFFERENTIAL GAIN = 11 

3. DIFFERENTIAL OUTPUT ~ SOV p-p 

4. DIFFERENTIAL SLEW RATE ~ 65V//iS8C 



FIGURE 7. High-Speed Photodetector. 



FIGURE 9. Differential Input/ Differential Output 
Amplifier. 



CO 
LJJ 



CL 

s 

< 

-J 

< 



< 
a: 

LU 
Ql 

O 



49.90 



2.49kn 



MOVING MAGNET 
CARTRIDGE 



47.5kn< 




TOTAL MID-BAND GAIN = 40dB 

SEE: "TOPOLOGY CONSIDERATIONS FOR RIAA 
PHONO PREAMPLIFIERS". AES REPRINT #1719. 
OCTOBER 1980. BY WALTER G. JUNG 



i 7.32kQ 



= ISOpF 
(NOTE 1) 



0.1/t/F : 



|l.05kO 



0.3/uF=± 



1. LOAD R AND C PER CARTRIDGE MANUFACTURER'S RECOMMENDATIONS. 

2. USE METAL FILM RESISTORS AND PLASTIC FILM CAPACITORS. 

3. BYPASS ±Vcc ADEQUATELY. 




10/uF 

HI- 



3.74kQ 



OUTPUT 



;200O 



|10kn 



FIGURE 10. Low Noise/ Low Distortion RIAA Preamplifier. 
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BURR - BROV^N 







OPA620 



ABRIDGED DATA SHEET 
REQUEST COMPLETE DATA SHEET 
FROM BURR-BROWN SALES OFFICE 



Wideband Precision 
OPERATIONAL AMPLIFIER 



FEATURES 

• FAST SETTLING: 13ns (0.1%) 

25ns (0.01%) 

• GAIN-BANDWIDTH: 200MHz 

• UNITY-GAIN STABLE 

• LOW OFFSET VOLTAGE: ±100|iV 

• SLEW RATE: 250V/^s 

• LOW DIFFERENTIAL GAIN/PHASE ERROR 

• 8-PIN DIP AND SOIC PACKAGES 

DESCRIPTION 

The OPA620 is a precision wideband monolithic op- 
erational amplifier featuring very fast settling time, low 
differential gain and phase error, and high output cur- 
rent drive capability. 

The OPA620 is internally compensated for unity-gain 
stability. This amplifier has a very low offset, fully 
symmetrical differential input due to its "classical" 
operational amplifier circuit architecture. Unlike "cur- 
rent-feedback" amplifier designs, the OPA620 may be 



APPLICATIONS 

• HIGH-SPEED SIGNAL PROCESSING 

• ADC/DAC BUFFER 

• ULTRASOUND 

• PULSeRF AMPLIFIERS 

• HIGH-RESOLUTION VIDEO 

• ACTIVE FILTERS 



used in all op amp appUcations requiring high speed 

and precision. 

Low noise and distortion, wide bandwidth, and high 

linearity make this amplifier suitable for RF and video 

applications. Short circuit protection is provided by an 

internal current-limiting circuit. 

The OPA620 is available in plastic, ceramic, and SOIC 

packages. Two temperature ranges are offered: O^C to 

+70*^0 and -55X to +125X. 



Non-Inverting 
Input 




International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S.Tucson Blvd. • Tucson, AZ 85706 
Tel: (602)746-1111 » Twx:910-952-1111 ■ Cable; BBRCORP » Telex; 66-6491 » FAX; (602) 889-1510 
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SPECIFICATIONS 

ELECTRICAL 

At Vpp « ±5VDC, R^ » 100Q, and T^ = +25*'C unless otherwise noted. 



PARAMETER 


CONDITIONS 


OPAS20KP/KU 


OPA620KG/SG 


OPA620LG 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


INPUT NOISE 
























Voltage: fo= 100Hz 


Rs»on 




10 
















nV/VJHz 


fo=1kHz 






5.5 
















nV/VRz 


fo=10kH2 






3.3 
















nV/VJHz 


fo=100kH2 






2.5 
















nV/VRz 


fo=1MHzto100MH2 






2.3 
















nV/Vn^ 


f3= 100Hz to 10MHz 






8.0 
















HV. mis 


Cun'ent:fo= 10kHz to 100MHz 






2.3 
















pa/Vhz 


OFFSET VOLTAGE<'> 
























Input Offset Voltage 


Vc„ = OVDC 




±200 


±1mV 






* 




±100 


±500 


jtV 


Average Drift 


TA^T^iNtoT^ 




±8 
















iLvrc 


Supply Rejection 


±Vcc = 4.5V to 5.5V 


50. 


60 




* 






55 






dB 


BIAS CURRENT 
























Input Bias Current 


Vc„ = OVDC 




16 


30 






• 






25 


HA 


OFFSET CURRENT 
























Input Offset Current 


V^M « OVDC 




0.2 


2 






* 






* 


ha 


INPUT IMPEDANCE 
























Differential 


Open-Loop 




15111 
















kftllpF 


Common-Mode 






llll 
















MflllpF 


INPUT VOLTAGE RANGE 
























Common-Mode Input Range 




±3.0 


±3.5 




* 






* 






V 


Common-Mode Rejection 


V,N = ±2.5VDC.Vo=0VDC 


65 


75 




* 






70 






dB 


OPEN-LOOP GAIN, DC 
























Open-Loop Voltage Gain 


Rl» iooq 


50 


60 




* 






55 






, dB 




Rl = 50ft 


48 


58 




* 






53 






dB 


FREQUENCY RESPONSE 
























Closed-Loop Bandwidth 


Gain»+1V/V 




300 
















MHz 


(-^dB) 


Gain = +2V/V 
Gain = +5V/V 
Gain-+10V/V 




100 
40 
20 
















MHz 
MHz 
MHz 


Gain-Bandwidth 


Gain = +10V/V 




200 
















MHz 


Differential Gain 


3.58MHz, G = +1V/V 




0.05 
















% 


Differential Phase 


3.58MHz. G»+1V/V 




0.05 
















Degrees 


Harmonic Distortion 


G =+2V/V, RL=50ft,Vo-0.5Vp-p 

f = 10MHz. Second Harmonic 

Third Harmonic 




-62 
-67 
















dBc(2> 
dBc 


Full Power Response 


Vo = 5Vp-p,Galn = +1V/V 
Vo = 2Vp.p.Gain = +1V/V 




16 
40 
















MHz 
MHz 


Slew Rate 


2V Step, Gain --1V/V 




250 
















V/MS 


Overshoot 


2V Step. Gain = -1VA/ 




15 
















% 


Settling Time: Oll% 


2V Step. Gain «-1VA/ 




13 
















ns 


0.01% 






25 
















ns 


Phase Margin 


Galn = +1V/V 




60 
















Degrees 


Rise Time 


Gain = +1 V/V. 1 0% to 90% 

V(, := lOOmVp-p; Small Signal 

Vo-6Vp-p; Large Signal 




2 
22 
















ns 
ns 


RATED OUTPUT 
























Voltage Output 


R^siooa 


db3.0 


±3.5 




• 






• 






V 




R,=:50ft 


±2.5 


±3.0 




* 






• 






V 


Output Resistance 


1MHz. Gain »+1 V/V 




0.015 
















ft 


Load Capacitance Stability 


Gain = +1 V/V 




20 
















PF 


Short Circuit Current 


Continuous 




±150 
















mA 


POWER SUPPLY 
























Rated Voltage 


±Vcc 




5 
















VDC 


Derated Performance 


±Vcc 


4.0 




6.0 


* 




♦ 


* 




* 


VDC 


Cun-ent, Quiescent 


Iq » OmADC 




21 


23 






* 






♦ 


mA 


TEMPERATURE RANGE 
























Specification: KP. KU. KG. LG 


Ambient Temperature 







+70 


* 




* 


• 




* 


*C 


SG 










-55 




+125 








"C 


Operating: KG, LG, SG 


Ambient Temperature 








-55 




+125 


-55 




+125 


'C 


KP.KU 
KG. LG, SG 




-25 




+85 














OC 












125 






125 




*C/W 


KP 






90 
















°C/W 


KU 






100 
















«C/W 



* Same Specifications as for KP/KU. 
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SPECIFICATIONS (cont) 

ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

At Vgg = ±5VDC, Rl = 100Q, and T^ = T„,^ to T,^ unless otherwise noted. 



PARAMETER 


CONDITIONS 


OPA6iOKP/KU 


OPA620KG/SG 


OPA620LG 


UNITS 


MIN 


TYP 


MAX 


MIN 


V/P 


MAX 


MIN 


TYP 


MAX 


TEMPERATURE RANGE 

Specification: KP, KU. KG. LG 
SG 


Ambient Temperature 







+70 


-55 




+125 


• 




• 


oc 


OFFSET VOLTAdB'> 

Average Drift 
Supply Rejection 


TA-T„„toT^ 
±Vcc = 4.5V to 5.5V 


45 


±8 
60 




» 






50 






dB 


BIAS CURRENT 


Vc„ = OVDC 




15 


40 






. 






35 


HA 


OFFSET CURRENT 

Input Offset Current 


Vc„ = OVDC 




0.2 


5 






• * 






* 


ma 


INPUT VOLTAGE RANGE 

Common-Mode Input Range 


V^ = ±2.5VDC.Vo = 0VDC 


±2.5 
60 


±3.0 
75 










65 






V 
dB 


OPEN LOOP GAIN, DC 

Open-Loop Voltage Gain 


RL=100Q 

RL « 5oa 


46 
44 


60 
58 










52 
50 






dB 
dB 


RATED OUTPUT 

Voltage Output 


Rl=100Q 

Rl = 5oa 


±3.0 
±2.5 


±3.5 
±3.0 










♦. 






V 
V 


POWER SUPPLY 

Current. Quiescent 


lo » OmADC 




21 


25 




^ 


* 




* 


* 


mA 



* Same specifications as for KP/KU. 

NOTES: (1 ) Offset Voltage specifications are also guaranteed with units fully warmed up. (2) dBc « dB refered to carrier-input signal. 



PIN CONFIGURATION (8-PIN DIP) 



ABSOLUTE MAXIMUM RATINGS 



Top View 

No Internal Connection L_1_ 

Inverting Input [2 — 
Non-Inverting Input |3 
Negative Supply (-Vgc) pT 




8 iNo internal Connection 
Tj Positive Supply (+Vcc) 
6| Output 
5~1no Internal Connection 



Supply ±7VDC 

Internal Power Dissipation*^) See Applications Information 

Differential Input Voltage Total V^^ 

Input Voltage Range <.....> See Applications information 

Storage Temperature Range KG, LG. SG: -65''C to +150'C 

KP, KU: -40"»C to +125°C 

Lead Temperature (soldering, 10s) +300°C 

(soldering. SOIC 3s) +260°C 

Output Short Circuit to Ground (+25X) Continuous to Ground 

Junction Temperature (Tj) +175''C 



Notes: (3) Packages must be derated tsased on specified d^^. Maximum T^ 
must be observed. 



ORDERING INFORMATION 



Basic Model Number 

Perfomiance Grade Code - 



K.L = 0°Cto+70°C 
S = ~55*Cto+125oC 

Package Code 

G = 8-pin Ceramic DIP 
P = 8-pin Plastic DIP 
U = 8-pln Plastic SOIC 

Reliability Screening 

s Q-Screened 



OPA620 ( )( ) Q 
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MECHANICAL 



G Package— 8-Pin Ceramic DIP 



h— A— <► 

hnnn 



uuuu 

^pim 




I k4g HkD 
Seating Plane - 



V 



DiM 


INCHES 


MILUMETERS | 


MIN 


mx 


MIN 


MAX 


A 


.375 


.405 


9.53 


10.28 


B 


.245 


.251 


6.22 


6.38 


C 


.140 


.170 


3.56 


4.32 


D 


.015 


.021 


0.38 


0.53 


F 


.045 


.060 


1.14 


1.52 


G 


.100 BASIC 


2.54 BASIC 1 


H 


— 


.098 


— 


2.49 


J 


.008 


.012 


0.20 


0.30 


K 


.150 


— 


3.80 


— 


L 


.290 


.320 


7.37 


8.13 


M 


0° 


15"* 


o« 


15" 


N 


.009 


.060 


0.23 


1.52 


R 


.125 


.175 


3.18 


4.45 



NOTE: Leads in true 
position witliin 0.01" 
(0.25mm) R at I^MC 
at seating plane. 



o 

CM 
CD 
< 
OL 
O 



111 



P Package— 8-Pin Plastic DIP 



■A A A A 



A 



A A A .^ 



W. V W V 
^Pinl 



TT 

B, B 



1^ 



^: ' 



H-4 M-G HkD 
Seating Plane — 



t^ 




DIM 


INCHES 


MILUMETERS 1 


MIN 


MAX 


MIN 


MAX 


A 


.355 


.400 


9.03 


10.18 


A1 


.340 


.389 


8.65 


9.80 


B 


.230 


.290 


5.85 


7.38 


B1 


.200 


.250 


5.09 


6.36 


c 


.120 


.200 


3.05 


5.09 


D 


.015 


.023 


0.38 


0.59 


F 


.030 


.070 


0.76 


1.78 


G 


.100 E 


iASIC 


2.54 E 


ASIp 


H 


.025 


.050 


0.64 


1.27 


J 


.008 


.015 


0.20 


0.38 


K 


.070 


.150 


1.78 


3.82 


L 


.300 B 


ASIC 


7.63 BASIC 1 


M 


Oo 


15° 


0° 


15" 


N 


.010 


.030 


0.25 


0.76 


P 


.025 


.050 


0.64 


1.27 



NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MIVIC 
at seating plane. 



g 

< 

UJ 
CL 
O 



U Package— 8-Pin SOIC 



EI 



^Pin 1 



tt 

B, B 

ii 



H-IU-G JUd^N 




DIM 


INCHES 


MILUMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


.185 


.201 


4.70 


5.11 


Ai 


.178 


.201 


4.52 


5.11 


B 


.146 


.162 


3.71 


4.11 


Bi 


.130 


.149 


3.30 


3.78 


C 


.054 


.145 


1.37 


3.69 


D 


.015 


.019 


0.38 


0.48 


G 


.050 BASIC 


1.27 BASIC 1 


H 


.018 


.026 


0.46 


0.66 


J 


.008 


.012 


0.20 


0.30 


L 


.220 


.252 


5.59 


6.40 


M 


0« 


10° 


OP 


lO*" 


N 


.000 


.012 


0.00 


.030 



NOTE: Leads in true 
position witiiin 0.01" 
(0.25mm) R at ly^MC 
at seating plane. 
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BURR - BRO>A^N 







OPA621 



ADVANCE INFORMATION 
SUBJECT TO CHANGE 



Wideband Precision 
OPERATIONAL AMPLIFiER 



FEATURES 

• FAST SETTLING: 10ns (0.1%) 

20ns (0.01%) 

• GAIN-BANDWIDTH: 600MHz 

• EXTERNAL COMPENSATION 

• LOW OFFSET VOLTAGE: ±100^iV 

• SLEW RATE: lOOOV/^is 

• LOW DIFFERENTIAL GAIN/PHASE ERROR 

• 8-PIN DIP AND SOIC PACKAGES 

DESCRIPTION 

The OPA621 is a precision wideband monolithic op- 
erational amplifier featuring very fast settling time, low 
differential gain and phase error, and high output cur- 
rent drive capability. 

The OPA621 is extemally compensated. This ampli- 
fier has a very low offset, fully symmetrical differ- 
ential input due to its "classical" operational amplifier 
circuit architecture. Unlike "current-feedback" am- 



APPLICATIONS 

• HIGH-SPEED SIGNAL PROCESSING 

• ADC/DAC BUFFER 

• ULTRASOUND 

• PULSE/RF AMPLIFIERS 

• HIGH-RESOLUTION VIDEO 

• ACTIVE FILTERS 



plifier designs, the OPA621 may be used in all op-amp 
applications requiring high speed and precision. 
Low distortion, wide bandwidth, and high Unearity 
make this amplifier suitable for RF and video appli- 
cations . Short circuit protection is provided by an intemal 
output current-limiting circuit. 
The OPA621 is available in plastic, ceramic and SOIC 
packages. Two temperature ranges are offered: 0°C to 
+70X and -55^C to +125^C. 



Non-Inverting ^ 
Input 



Inverting 



Input 




Output 



International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel; (602) 746-1111 > Twx: 910-952-1111 » Cable: BBRCORP » Telex; 66-6491 » FAX; (602) 889-1510 
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SPECIFICATIONS 



ELECTRICAL 

At Vpc = ±5VDC, R^ = lOOfl, C^ 



: OpF, and T^ = +25°C unless otherwise noted. 



PARAMETER 


CONDITIONS 


OPA621KP/KU 


OPA621KG/SG 


OPA621LG 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


INPUT NOISE 
























Voltage:fo= 100 Hz 


Rs = OQ 




10 
















nV/Vni 


fo=1kHz 






5.5 
















nV/VPii 


fo= 10kHz 






3.3 
















nV/VHz 


fo= 100kHz 






2.5 
















nV/>/Hz 


fo= 1MHz to 100MHz 






2.3 
















nv/Vn^ 


fB= 100Hz to 10MHz 






8.0 
















fiV, nns 


Current:fo= 10kHz to 100MHz 






2.3 
















pA/Vfii 


OFFSET VOLTAGB'> 
























Input Offset Voltage 


Vc„ = OVDC 




±200 


±1mV 






* 




±100 


±500 


jiV 


Average Drift 


TA = T„„toT^ 




±8 
















\iyrc 


Supply Rejection 


±V,j5 = 4.5V to 5.5V 


50 


60 




* 






55 






dB 


BIAS CURRENT 
























Input Bias Current 


VcM ^ OVDC 




15 


30 






* 






25 


HA 


OFFSET CURRENT 
























Input Offset Cun-ent 


Vc„ = OVDC 




0.2 


2 






* 






* 


ma 


INPUT IMPEDANCE 
























Differential 


Open-Loop 




1511 1 
















kftllpF 


Common-Mode 






llll 
















MQllpF 


INPUT VOLTAGE RANGE 
























Common-Mode Input Range 




±3.0 


±3.5 




* 






* 






V 


Common-Mode Rejection 


V,^ = ±2.5VDC.Vo»0VDC 


65 


75 




* 






70 






dB 


OPEN-LOOP GAIN, DC 
























Open-Loop Voltage Gain 


Rl=100Q 


50 


60 




• 






55 






dB 




R, = 50fl 


48 


58 




* 






53 






dB 


FREQUENCY RESPONSE 
























Closed-Loop Bandwidth^) 
























MdB) 


Gain =. +2VA/ 
Gain = +5VA/ 
Gain = +10V/V 




300 
120 
60 
















MHz 
MHz 
MHz 


Gain-Bandwidth 


Gain»+10V/V 




600 
















MHz 


Differential Gain 


3.58MHz, G = +2V/V 




0.08 
















% 


Differential Phase 


3.58MHz. G = +2V/V 




0.08 
















Degrees 


Harmonic Distortion 


G= +2VA/, Rl=50Q,Vo=0.5Vp-p 

f = 10MHz. Second Harmonic 

Third Harmonic 




-65 
-70 
















dBc<" 
dBc 


Full Power Response 


Vq = 5Vp-p. Gain = +2V/V 
Vq = 2Vp-p, Gain = +2V/V 




150 
60 
















MHz 
MHz 


Slew Rate 


2V Step, Gain = -1V/V 




1000 
















V/MS 


Overshoot 


2V Step, Gain = -1VA^ 




20 
















% 


Settling Time: 0.1% 


2V Step, Gain = -1V/V 




10 
















ns 


0.01% 






20 
















ns 


Phase Margin 


Gain = +2VA^ 




50 
















Degrees 


Rise Time 


Galn = +2V/V.10%to90% 

Vq = lOOmVp-p; Small Signal 

Vo = 6Vp-p; Urge Signal 




1 
6 
















ns 
ns 


RATED OUTPUT 
























Voltage Output 


Rl=100Q 


±3.0 


±3.5 




• 






* 






V 




R, = 50fl 


±2.5 


±3.0 




* 






* 






V 


Output Resistance 


1MHz. Open-Loop 




0.2 
















a 


Load Capacitance Stability 


Gain = +2V/V 




10 
















PF 


Short Circuit Cun-ent 


Continuous 




±150 
















mA 


POWER SUPPLY 
























Rated Voltage 


±Vec 




5 
















VDC 


Derated Perfomiance 


±Vcc 


4.0 




6.0 


* 




• 


* 




• 


VDC 


Current, Quiescent 


Iq = OmADC 




25 


27 






* 






* 


mA 


TEMPERATURE RANGE 
























Specification: KP. KU, KG. LG 









+70 


• 




• 


• 




* 


«C 


SG 










-55 




+125 








°C 


Operating: KG. LG. SG 


Ambient Temperature 








-65 




+125 


-55 




+125 


"C 


KP.KU 
KG, LG, SG 




-25 




+85 














"C 










125 






125 






"C/W 


KP 






90 
















"C/W 


KU 






100 
















°C/W 
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SPECIFICATIONS (cont) 

ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

At Vjj = ±5VDC, R^ » 1 0OQ, C,, = OpF, and T, » T„|„ to T,^ unless othenwise noted. 



PARAMETER 


CONDITIONS 


OPA621KP/KU 


OPA621KG/SG 


OPA621LG 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


TEMPERATURE RANGE 

Specification:KP. KU. KG, LG 
SG 


Ambient Temperature 







+70 


-55 




+125 


* 




* 


°C 
"C 


OFFSET VOLTAGB'> 

. iverage Drift 
Supply Rejection 


Ta = Twin tO T„^ 

±Vcc = 4.5V to 5.5V 


45 


±8 
60 










50 






nv/°c 

dB 


BIAS CURRENT 

Input Bias Current 


VcM = OVDC 




15 


40 






* 






35 


HA 


OFFSET CURRENT 

Input Offset Current 


Vc„ = OVDC 




0.2 


5 






* 






* 


UA 


INPUT VOLTAGE RANGE 

Common-Mode Input Range 
Common-f^ode Rejection 


V,^ = ±2.5VDC, Vo=OVDC 


±2.5 
60 


±3.0 
75 










65 






V 
dB 


OPEN LOOP GAIN, DC 

Open-Loop Voltage Gain 


RL=100a 
RL = 50Q 


46 
44 


60 
58 










52 
50 






dB 
dB 


RATED OUTPUT 

Voltage Output 


R,= 100Q 

R, = 5on 


±3.0 
±2.5 


±3.5 
±3.0 










* 






V 
V 


POWER SUPPLY 

Current, Quiescent 


Iq = OmADC 




25 


30 




• 


* 




* 


• 


mA 



* Same specifications as for KP/KU 

NOTES: (1 ) Offset Voltage specifications are also guaranteed with units fully warmed up. (2) G = +2V/V, (or G = -1 V/V). Is minimum stable closed-loop gain without 
external compensation. (3) dBc = dB refered to carrier-input signal. 



PIN CONFIGURATION (8-PIN DIP) 



ABSOLUTE MAXIMUM RATINGS 



Top View 


No internal connection | 1 




T] No internal connection 


Inverting input [2" 




\, 


T\ Positive supply (+V, J 


Non-inverting lnf«jt [3 




>^L 


61 Output 


Negative supply (-Vcc) \±_ 




"5] Compensation (C^) 









Supply ±7VDC 

Internal Power Dissipation'" 1W 

Differential Input Voltage Total V^,. 

Input Voltage Range ±Vgc 

Storage Temperature Range KG, LG, SG: -eS'^C to +1 50"'C 

KP, KU: -40'»C to +125°C 

Lead Temperature (soldering, 10 seconds) +300°C 

(soldering, SOIC 3 seconds) +260°C 

Output Short Circuit to Ground (+25'>C) Continuous to Ground 

Junction Temperature (Tj) +175°C 



NOTES: (1) Packages must be derated based on specified 0j^. Maximum Tj 
must be observed. 

ORDERING INFORMATION 



Basic Model Number 

Performance Grade Code - 
K,L = 0°Cto+70°C 
S = -55*'Cto+125°C 

Package Code 

G = 8-Pin Ceramic DIP 
P = 8-Pin Plastic DIP 
U = 8-Pin Plastic SOIC 

Reliability Screening 

Q = Q-Screened 



OPA621 ( )( ) Q 
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MECHANICAL 



G Package-^ 8-Pin Ceramic DIP 



k- A — 

' nnnn 



uuuu 




I k4g -JUd 

Seating Piane - 



V- 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


.375 


.405 


9.53 


10.28 


B 


.245 


.251 


6.22 


6.38 


C 


.140 


.170 


3.56 


4.32 


D 


.015 


.021 


0.38 


0.53 


F 


.045 


.060 


1.14 


1.52 


G 


.100 BASIC 


. 2.54 BASIC 1 


H 


— 


.098 


— 


2.49 


J 


.008 


.012 


0.20 


0.30 


K 


.150 


— 


3.80 


— 


L 


.290 


.320 


7.37 


8.13 


U 


0" 


15° 


0« 


15° 


N 


.009 


.060 


0.23 


1.52 


R 


.125 


.175 


3.18 


4.45 



NOTE: Leads In true 
position within 0.01" 
(0.25mm) R at MMC 
at seating piane. 



CM 

< 

a. 
O 



0) 
LU 



P Paclcage~8-Pln Plastic DIP 

— A — * 
-e-A, — i- 

A A A A 



?'■ 



^Pinl 



tt 

B, B 

ijL 



*^ 



n^k;; 



H-H M-G JUd 
Seating Plane — 



t^ 



AV" 



DIM 


INCHES 


MILLIM 


ETERS 


MIN 


MAX 


MIN 


MAX 


A 


.355 


.400 


9.03 


10.16 


A1 


.340 


.385 


8.65 


9.80 


B 


.230 


.290 


5.85 


7.38 


B1 


.200 


.250 


5.09 


6.36 


c 


.120 


.200 


3.05 


5.09 


D 


.015 


.023 


0.38 


0.59 


F 


.030 


.070 


0.76 


1.78 


G 


.100 E 


JASIC 


2.54 BASIC 1 


H 


.025 


.050 


0.64 


1.27 


J 


.008 


.015 


0.20 


0.38 


K 


.070 


.150 


1.78 


3.82 


L 


.300 B 


ASIC 


7.63 BASIC 1 


M 


0° 


15° 


0° 


15° 


N 


.010 


.030 


0.25 


0.76 


P 


.025 


.050 


0.64 


1.27 



NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at UUO 
at seating plane. 



g 

I- 
< 
oc 

UJ 
Q. 
O 



U Package— 8-Pin SOIC 

A ■ 

-Ai— H 



ri 



^Pin1 



TT 

B, B 







DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


.185 


.201 


4.70 


5.11 


Ai 


.178 


.201 


4.52 


5.11 


B 


.146 


.162 


3.71 


4.11 


Bi 


.130 


.149 


3.30 


3.78 


C 


.054 


.145 


1.37 


3.69 


D 


.015 


.019 


0.38 


0.48 


G 


.050 BASIC 


1.27 BASIC 1 


H 


.018 


.026 


0.46 


0.66 


J 


.008 


.012 


0.20 


0.30 , 


L 


.220 


.252 


5.59 


6.40 


M 


0° 


10° 


0° 


10° 


N 


.000 


.012 


0.00 


.030 



NOTE: Leads In true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 
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OPA627 

ADVANCE INFORMATION 
SUBJECT TO CHANGE 



Precision High-Speed 
Difet^ OPERATIONAL AMPLIFIER 



FEATURES 

• VERY LOW NOISE: 5.4nV/VHz at 10kHz 

• FAST SETTLING TIME: 600ns to 0.01% 

• LOWVosilOO^iVmax 

• LOW DRIFT: O.S^iV/X max 

• LOW Ig: 20pA max 

• UNITY-GAIN STABLE 

DESCRIPTION 

The OPA627 Difet operational amplifier provides a 
new level of performance in a precision FET op amp. 
When compared to the popular OPAlll op amp, the 
OPA627 has lower noise voltage, offset voltage and 
drift, and much higher speed. It is useful in a wide range 
of precision and low noise analog circuitry. 

The OPA627 is fabricated on a proprietary high-speed, 
dielectrically-isolated complementary npn/pnp proc- 
ess. Laser-trimmed input circuitry yields excellent DC 
performance. High-frequency complementary transis- 
tors increase circuit bandwidth, attaining speeds previ- 



APPLICATIONS 

• FAST DATA ACQUISITION 

• DAC OUTPUT AMPLIFIER 

• OPTOELECTRONICS 

• SONAR, ULTRASOUND 

• HIGH-IMPEDANCE SENSOR AMPS 

• HIGH-PERFORMANCE AUDIO CIRCUITRY 



ously not possible with precision FET op amps. The 
OPA627 is unity-gain stable. 

Difet construction achieves extremely low input bias 
currents without compromising input voltage noise 
performance. Low input bias current is maintained over 
a wide input common-mode voltage range with unique 
cascode circuitry. 

The OPA627 is available in Plastic DIP and Metal TO- 
99 packages. Industrial and Military temperature range 
gradeouts are available. 



o +Vs 




DtfeiP Burr-Brown Corp. 
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SPECIFICATIONS 

T. = +25''C, V- = ±15V unless otherwise noted. 





OPA627BM 


OPA627AM/AP/SM 




PARAMETER 


CONDITION 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


UNITS 


OFFSET VOLTAGE 


















Input Offset Voltage 






40 


100 




130 


250 


nv 


Over Specified Temperature 






70 


180 




230 


450 


hv 


Average Drift 






0.5 


0.8 




1.2 


2.0 


\iWC 


Power Supply Rejection 


V8»±4.5tO±18V 


106 






100 






dB 


INPUT BIAS CURRENT 


















Input Bias Cun-ent 


Vc« = OV 




8 


20 




20 


50 


pA 


Over Specified Temperature 


VcM-OV 






1.6 






3.2 


nA 


SM Grade 














50 


nA 


Input Offset Current 


Vc« = OV 




8 


20 




20 


50 


pA 


NOISE 


















Input Voltage Noise 
























30 


60 




40 


80 


nV/VHz 


f= 100Hz 






11 


30 




15 


40 


nV/VHi 


f=1kHz 






5.2 


5.8 




5.6 


6.8 


nV/>/Hz 


f= 10kHz 






4.8 


5.4 




5.2 


6.2 


nV/^/Hz 


Voltage Noise, BW = 0.1 to 10Hz 






1.2 


2.5 




1.6 


3.3 


nVp-p 


Input Current Noise 


















Noise Density, f= 1kHz 






1.6 


2.5 




2.5 


4.0 


fA/VHz 


Current Noise, BW = 0.1 to 10H: 






30 


60 




48 


90 


fAp-p 


INPUT IMPEDANCE 


















Differential 






10«||2 






* 




GailpF 


Common-Mode 






10^*116 






* 




GttllpF 


INPUT VOLTAGE RANGE 


















Common-mode Input Range 




±11 


±11.5 




* 


* 




V 


Over Specified Temperature 




±10.5 


±11 




* 


* 




V 


Common-mode Rejection 


VcM = ±10V 


106 






100 






dB 


OPEN-LOOP GAIN 


















Open-loop Voltage Gain 


Vo = ±10V,R^=1kft 


110 


115 




104 


115 




dB 


Over Specified Temperature 


Vo = ±10V,RL=1kQ 


104 


106 




98 


106 




dB 


FREQUENCY RESPONSE 


















Slew Rate 


G = -1 


45 


55 




40 


50 




V/^is 


Settling Time, 0.01% 


G = -1 




500 


600 




600 


750 


ns 


0.1% 


G = -1 




400 






* 




ns 


Gain-Bandwidth Product 


G = 100 




16 






* 




MHz 


Total Harmonic Distortion 


G=.+10,f=1kHz 














% 


POWER SUPPLY 


















Specified Operating Voltage 






±15 










V 


Operating Voltage Range 




±4.5 




±18 








V 


Current 






±6.5 


±8 








mA 


OUTPUT 


















Voltage Output 


RL=1ka 


±12 


±13 




* 


* 




V 


Over Specified Temperature 




±11 


±12.5 




* 


* 




V 


Current Output 






±30 






* 




mA 


Short Circuit Current 




±35 


±55 


±85 


* 


* 


* 


mA 


Output Resistance, Open-loop 


1MHz 














Q 


Load Capacitance 




300 


500 




* 


* 




PF 


TEMPERATURE RANGE 


















Specification 


















AP, AM, BM 




-25 




+85 








°C 


SM 




-55 




+125 








"C 


Storage 


















AP 




-^ 




+125 








°C 


AM, BM, SM 




-60 




+150 








°C 
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OPA633 



AVAILABLE IN 
DIE FORM 



High Speed 
BUFFER AMPLIFIER 



FEATURES 

-: WIDE BANDWIDTH: 275MHz 

• HIGH SLEW RATE: 2500V///S 

• HIGH OUTPUT CURRENT: lODmA 

• LOW OFFSET VOLTAGE: 1.5mV 

• REPLACES HA-5033 

• IMPROVED PERFORMANCE/PRICE: LH0033. 
LTC1010, H0S200 

DESCRIPTION 

The OPA633 is a monolithic unity-gain buffer ampli- 
fier featuring very wide bandwidth and high slew 
rate. A dielectric isolation process incorporating 
both NPN and PNP high frequency transistors 
achieves performance unattainable with conventional 
integrated circuit technology. Laser trimming pro- 
vides low input offset voltage. 

High output current capability allows the OPA633 
to drive 500 and 750 lines, making it ideal for RF, 
IF and video applications. Low phase shift allows 
the OPA633 to be used inside amplifier feedback 
loops thus bringing high current output and ability 
to drive capacitive loads to many circuit applications. 
The OPA633 is available in the 12-pin TO-8 hermetic 
metal package with -25°C to +85°C and -55°C to 
+ 125°C temperature ranges and a low cost plastic 
DIP package specified for operation from 0°C to 
+75°C. 



APPLICATIONS 










• OP AMP CURRENT BOOSTER 




• VIDEO BUFFER 




• LINE DRIVER 




• A/D CONVERTER INPUT BUFFER 
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SPECIFICATIONS 



ELECTRICAL 

At +25°C. Vs = ±12V, Rs = 50Q, Ru 



lOOfi, Cl = lOpF unless otherwise noted 



PARAMETER 


CONDITIONS 


OPA633AH 


OPA633SH 


OPA633KP 


UNITS 


MIN 


TYP 


MAX 


MIN 1 TYP 1 MAX 


MIN 1 TYP I MAX 


FREQUENCY RESPONSE | 


Small Signal Bandwidth 






275 






♦ 






260 




MHz 


Full Power Bandwidth 


Vo = 1Vrms, RL = 1kQ 




65 






* 






40 




MHz 


Slew Rate 


Vo = 10V, Vs = ±15V, Rl = 1kQ 


1000 


2500 




* 


* 




* 






V/yUS 


Rise Time, 10% to 90% 


Vo = 500mV 




25 






♦ 










ns 


Propagation Delay 






1 






* 










ns 


Overshoot 






10 






* 










% 


Settling Time, 1% 






50 






* 










ns 


Differential Phase Error'^' 






01 






* 










Degrees 


Differential Gam Error'^' 






01 






* 










% 


Total Harmonic Distortion 


Vo = IVrms, Rl = Ikfi, f = 100kHz 
Vo = IVrms, Rl = lOOQ, f = 100kHz 




005 
02 






* 










% 
% 


OUTPUT CHARACTERISTICS | 


Voltage 


Ta — Tmin to Tmax 


±8 


±10 




* 


* 




* 


* 




V 




Rl = Ikfi, Vs = ±15V 


±11 


±13 




♦ 


* 




* 


♦ 




V 


Current 




±80 


±100 




* 


• 




* 


* 




mA 


Resistance 






5 






* 






* 




a 


TRANSFER CHARACTERISTICS | 


Gain 


RL = 1kQ 


93 


95 
99 




* 


* 




* 


* 




v/v 
v/v 




Ta = Tmin to Tmax 


92 


95 




* 


* 




* 


* 




v/v 


INPUT 1 


Offset Voltage 


Ta = +25°C 




±15 


±15 






* 




±5 


« 


mV 




Ta = Tmin tO Tmax 




±5 


±25 






* 




±6 


* 


mV 


vs Temperature 






±33 
















fjwrc 


vs Supply 


Ta = Tmin to Tmax 


54 


72 




* 






* 






dB 


Bias Current 


Ta = +25"'C 




±15 


±35 






* 






* 


//A 




Ta = Tmin to Tmax 




±20 


±50 






* 






♦ 


M 


Noise Voltage 


10Hz to 1MHz 




20 
















AfVp-p 


Resistance 






15 
















MQ 


Capacitance 






16 
















pF 


POWER SUPPLY 1 


Rated Supply Voltage 


Specified performance 




±12 






* 






* 




V 


Operating Supply Voltage 


Derated performance 


±5 




±16 


* 




* 


* 




* 


V 


Current, Quiescent 


lo = 




21 


25 




* 


* 




* 


* 


mA 




lo = 0, Ta = Tmin tO Tmax 




21 


30 




* 


* 




* 


* 


mA 


TEMPERATURE RANGE | 


Specification, Ambient 




-25 




+85 


-55 




+125 







+75 


"C 


Operating, Ambient 




-55 




+125 


* 




* 


-25 




+85 


°C 


^Junction, Ambient'^' 






99 






* 






90 




°C/W 


e Junction, Case'^' 






31 






* 






27 




°C/W 



* Specification same as OPA633AH 

NOTES (1) Differential phase error in video transmission systems is the change in phase of a color subcarner resulting from a change in picture signal from blanked 
to white Differential gain error is the change in amplitude at the color subcarrier frequency resulting from a change in picture signal from blanked to 
white (2) Recommended heat sinks for the TO-8 package are Thermalloy 2204A with ^sa = 27*'C/W and lERC Up TO-8-48CB, ^sa = 10°C/W 



CONNECTION DIAGRAMS 



ABSOLUTE MAXIMUM RATINGS 



+Vs[T 

NC(£ 

NC [T 

In [T 



rt^ 



TJout 
7]nc 

3 Substrate 
(Ground) 

3 -Vs 




Power Supply, ±Vs ±20V 

Input Voltage V,n +Vs + 2 to -Vs - 2 

Output Current (peak) ±200mA 

Internal Power Dissipation (25°C) TO-8 (H) .... 1.75W 

DIP(P) 195W 

Junction Temperature 200°C 

Storage Temperature Range- TO-8 . . . -65°C to +150°C 

' DIP -40°C to +85°C 

Lead Temperature (soldering, 60s) 300*0 
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ORDERING INFORMATION 



Model 


Package 


Temperature 
Range 


Full Power 


OPA633AH 
OPA633SH 
OPA633KP 


Ceramic 
Ceramic 
Plastic 


-25°C to +85°C 

-55°Cto+125»C 

O'C to +75''C 


65 
65 
40 


BURN-IN SCREENING OPTION | 


Model 


Package 


Temperature 
Range 


Bum-in 
Temp. (160h)"' 


OPA633AH-BI 
OPA633SH-BI 
OPA633KP-BI 


Ceramic 
Ceramic 
Plastic 


-25°C to +85°C 

-55°Cto+125°C 

0°C to +75°C 


+125»C 
+125''C 
+85°C 



NOTE. (1) Or equivalent combination of time and temperature. 

MECHANICAL 



TO-8 





NOTE Leads in true 
position within 010" 
(0 25mm) R at MMC at 
seating plane 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


593 


603 


15 06 


15 32 


B 


547 


553 


13 89 


14 05 


C 


130 


150 


3 30 


3 81 


D 


016 


019 


41 


48 


E 


010 


040 


25 


102 


H 


026 


036 


066 


91 


J 


026 


036 


66 


91 


K 


500 


562 


12 70 


14 27 


M 


45° BASIC 


45° BASIC 


N 


100 BASIC 


2 54 BASIC 



"P" Package, 8-Pin Plastic 



NOTE Leads in true position 
within 01" (0 25mm) R at MMC 
at seating plane 




h/hs^ \s^ 




^^^11 



-J 



4Wj 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


355 


400 


9 03 


1016 


Ai 


340 


385 


8 65 


9.80 


B 


230 


290 


5 85 


7 38 


Bi 


200 


250 


5 09 


6 36 


C 


120 


200 


3 05 


5 09 


D 


015 


023 


38 


59 


F 


030 


070 


76 


178 


G 


100 BASIC 


2 54 BASIC 1 


H 


025 


050 


064 


127 


J 


008 


015 


20 


38 


K 


070 


150 


178 


3 82 


L 


300 BASIC 


7 63 BASIC 1 


M 


0° 


15° 


0° 


15° 


N 


010 


030 


25 


76 


P 


025 


050 


64 


127 



TYPICAL PERFORMANCE CURVES 



GAIN/PHASE VS FREQUENCY 



SMALL SIGNAL BANDWIDTH VS TEMPERATURE 



+6 
+4 
+2 

-2 
-4 
-6 
-8 
-10 
-12 
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igui* 
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""^^ 


'•"^ 


^ . 


lp\\ 


\lll 








Ss 


\\ 




\ 




.-Rs = 309o|T| 


i >> 




\ 




Rs 


= 50( 


1 


1 y 
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V 










V 


\ 


\ 










l\ 


1 


\ 





100 
Frequency (MHz) 




-20 



1000 



m 260 























\ 


Vs = d 


:15V 
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V^. 








Vs = ± 


>N 


Xj 




"^ 


V 
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= 2i 

^L=100 


iVrms 
Q 
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-50 



+25 +50 +75 

Temperature (°C) 



+100 +125 



Burr-Brown IC Data Book 



2-178 



Vol. 33 



TYPICAL PERFORMANCE CURVES (CONT) 



SAFE INPUT VOLTAGE VS FREQUENCY, 



I 3 TZ' 



t 2 
O 



s^ 
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i 
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Rl 


= 1 


00 
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\ Rl = IkO 








-^Squ 
~~Rl = 


ireV 




s 


s. 


y \^ 


Sine 


/Vav 


e " 
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-100 
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vl 


\ 










(S( 


eT 


)X 
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^ 
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K 


















^. 



10 
Frequency (MHz) 



3 % 



2 ^ 

3 



MAXIMUM POWER DISSIPATION VS AMBIENT TEMPERATURE 



^i3 

^ 20 






















^ 


S^^lastic DIF 
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Q 1 


















ro-8^ 
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°- 05 
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CO 
CO 
(O 

< 

Q. 

o 



-50 -25 +25 +50 +75 +100 +125 

Ambient Temperature (°C) 



CO 

UJ 
LL 



SLEW RATE VS LOAD CAPACITANCE 



SLEW RATE VS LOAD CAPACITANCE 



3500. 

3000 

§ 2500 
> 

I 2000 

^ 1500 
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■^ 


II null 
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llin( 


Trm 

3 Edge- 
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^; 












Vo = ±10V 
RL=1kfi 


''i 
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S^--. 


















^" 
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R 


o = ± 

L = 1( 


lov' 
)on 
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^' 



< 
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< 
UJ 

a. 
O 



10 100 

Load Capacitance (pF) ' 



10 100 1000 

Load Capacitance (pF) 



SLEW RATE VS TEMPERATURE 




80 
70 
60 

= 40 

CO 

°- 30. 
20 
10 




POWER SUPPLY REJECTION VS FREQU€NCY 














L 
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+25 +50 +75 +100 +125 

Temperature (°C) 



10k 100k 

Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 



QUIESCENT CURRENT VS TEMPERATURE 



_ 25 
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c 20 
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c 15 



O 10 
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Vs = ±15\L^ 


^^ 
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"^ 
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';^ 




Vs = ±5V 




-^ 











































-50 -25 25 50 75 100 125 

Temperature (°C) 

OUTPUT VOLTAGE SWING VS LOAD RESISTANCE 





^^ 










Vs = ±15V 










r~" 


1 1 
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Vs = ±12V 






























Vs = ±10V 
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= ±5 


^ 
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100 200 300 400 500 600 700 800 900 Ik 
Load Resistance (O) 



VOLTAGE GAIN VS LOAD RESISTANCE 



— 90 
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2 85 
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f = 1kHz 
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100 Ik 

Load Resistance (Q) 

OUTPUT ERROR VS INPUT VOLTAGE 
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*^ 1 
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Ru 
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Ru = 
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INPUT BIAS CURRENT VS TEMPERATURE 



^ 15 
< 

















x 

^ 


^ 












"^ 1 


Vs = ± 












^ 






^ 













+25 +50 +75 +100 +125 

Temperature (°C) 



V,N - VouT VS OUTPUT CURRENT 
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Output Current (mA) 



GAIN ERROR VS TEMPERATURE 



80 

f 60 

z 

> 

I 40 

20 

























. 




-^ 










Rl = 


IkQ 

































-25 +25 1-50 +75 +100 +125 

Temperature (°C) 

OFFSET VOLTAGE VS TEMPERATURE 
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TYPICAL PERFORMANCE CURVES (CONT) 



TOTAL HARMONIC DISTORTION VS OUTPUT VOLTAGE 



TOTAL HARMONIC DISTORTION VS FREQUENCY 
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Output Voltage (Vrms) 

INSTALLATION AND 
OPERATION 

CIRCUIT LAYOUT 

As with any high frequenc;, ncuitry, good circuit layout 
technique must be used to achieve optimum performance. 
A circuit-board layout is provided which demonstrates 
the principles of good layout. Most of the applications 
circuits shown can be evaluated using this circuit board. 
Pinout of the TO-8 package version has been designed 
for maximum compatibility with other buffer amplifiers. 
Pins 1 and 12 are internally connected to +Vs. Pins 9 and 
10 are internally connected to —Vs. This allows the 
OPA633 to be used in applications presently using the 
LH0033 buffer amplifier. Only one of the power supply 
connections for +Vs and — Vs must be connected for 
proper operation. 

Power supply connections must be bypassed with high 
frequency capacitors. Many applications benefit from 
the use of two capacitors on each power supply — a 
ceramic capacitor for good high frequency decoupling 
and a tantalum type for lower frequencies. They should 
be located as close as possible to the buffer's power 
supply pins. A large ground plane is used to minimize 
high frequency ground drops and stray coupling. 

The case of the TO-8 package is connected to pin 2, 
which should be grounded. Pin 6 of the DIP package 
connects to the substrate of the integrated circuit and 
should be connected to ground. In principle it could also 
be connected to +Vs or — Vs, but ground is preferable. 
The additional lead length and capacitance associated 
with sockets may present problems in applications requir- 
ing the highest fidelity of high speed pulses. 
Depending on the nature of the input source impedance, 
a series input resistor may be required for best stability. 
This behavior is influenced somewhat by the load imped- 
ance (including any reactive effects). A value of 500 to 
200n is typical. This resistor should be located close to 
the OPA633's input pin to avoid stray capacitance at the 
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Frequency (Hz) 

input which could reduce bandwidth (see Gain and 
Phase Versus Frequency curve). 

OVERLOAD CONDITIONS 

The input and output circuitry of the OPA633 are not 
protected from overload. When the input signal and load 
characteristics are within the device's capabilities, no 
protection circuitry is required. Exceeding device limits 
can result in permanent damage. 

The OPA633's small package and high output current 
capability can lead to overheating. The internal junction 
temperature should not be allowed to exceed 150°C. 
Although failure is unlikely to occur until junction 
temperature exceeds 200°C, reliability of the part will be 
degraded significantly at such high temperatures. External 
heat sinks can be used to reduce the temperature rise. 
Since significant heat transfer takes place through the 
package leads, wide printed circuit traces to all leads will 
improve heat sinking. Sockets can reduce heat sinking 
significantly and thus are not recommended. 
Junction temperature rise is proportional to internal 
power dissipation. This can be reduced by using the 
minimum supply voltage necessary to produce the re- 
quired output voltage swing. For instance, IV video 
signals can be easily handled with ±5V power supplies 
thus minimizing the internal power dissipation. 

Output overloads or short circuits can result in permanent 
damage by causing excessive output current. The 500 or 
75 n series output resistor used to match line impedance 
will, in most cases, provide adequate protection. When 
this resistor is not used, the device can be protected by 
limiting the power supply current. See "Protection 
Circuits." 

Excessive input levels at high frequency can cause in- 
creased internal dissipation and permanent damage. See 
the safe input voltage versus frequency curves. When 
used to buffer an op amp's output, the input to the 
OPA633 is hmited, in most cases, by the op amp. When 
high frequency inputs can exceed safe levels, the device 
must be protected by limiting the power supply current. 
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PROTECTION CIRCUITS 

The OPA633 can be protected from damage, due to 
excessive currents, by the simple addition of resistors in 
series with the power supply pins (Figure 5a). While this 
limits output current, it also limits voltage swing with 
low impedance loads. This reduction in voltage swing is 
minimal for AC or high crest factor signals since only the 
average current from the power supply causes a voltage 
drop across the series resistor. Short duration load- 
current peaks are supplied by the bypass capacitors. 
The circuit of Figure 5b overcomes the limitations of the 
previous circuit with DC loads. It allows nearly full 
output voltage swing up to its current limit of approx- 
imately 140mA. Both circuits require good high frequency 
capacitors (e.g., tantalum) to bypass the buffer's power 
supply connections. 

CAPACITIVE LOADS 

The OPA633 is designed to safely drive capacitive loads 
up to O.Ol/uF. It must be understood, however, that 
rapidly changing voltages demand large output load 
currents: 

Iload = (Cload) dV/dt 
Thus a signal slew rate of 1000 V/ jjls and load capacitance 
of O.OljuF demands a load current of lOA. Clearly 
maximum slew rates cannot be combined with large 
capacitive loads. Load current should be kept less than 
100mA continuous (200mA peak) by limiting the rate of 
change of the input signal or reducing the load capaci- 
tance. 

APPLICATIONS CIRCUITS 



USE INSIDE A FEEDBACK LOtOP 

The OPA633 may be used inside the feedback path of an 
op amp such as the OPA606. Higher output current is 
achieved without degradation in accuracy. This approach 
may actually improve performance in precision applica- 
tions by removing load-dependent dissipation from a 
precision op amp. All vestiges of load-dependent offset 
voltage and temperature drift can be eliminated with this 
technique. Since the buffer is placed within the feedback 
loop of the op amp, its DC errors will have a negligible 
effect on overall accuracy. Any DC errors contributed 
by the buffer are divided by the loop gain of the op amp. 

The low phase shift of the OPA633 allows its use inside 
the feedback loop of a wide variety of op amps. To 
assure stability, the buffer must not add significant phase 
shift to the loop at the gain crossing frequency of the 
circuit — the frequency at which the open loop gain of the 
op amp is equal to the closed loop gain of the application. 
The OPA633 has a typical phase shift of less than 10° up 
to 70MHz, thus making it useful even with wideband op 
amps. 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 
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FIGURE 1. Coaxial Cable Driver Circuit. 
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FIGURE 2. Dynamic Response Test Circuit. 
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FIGURE 3. Precision High Current Buffer. 
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FIGURE 4. Buffered Inverting Amplifier. 
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FIGURE 5. Output Protection Circuits. 
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NOTE The prototype circuit board layout shown 
may be used to test many common applications 
circuits Component designations in the applications 
circuit diagrms refer to the component positions on 
this prototype board layout 



FIGURE 6. Prototype Circuit Board Layout. 
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MILITARY 

VERSION 

AVAILABLE 



OPA675 
OPA676 



ABRIDGED DATA SHEET 
REQUEST COMPLETE DATA SHEET 
FROM BURR-BROWN SALES OFFICE 



Wideband Switched-lnput 
OPERATIONAL AMPLIFIER 



FEATURES 

• FAST SETTLING: 9ns (1%) 

• WIDE BANDWIDTH: 185MHz (A^ = 10) 

• LOW OFFSET VOLTAGE: ±250|xV 

• TWO LOGIC SELECTABLE INPUTS 

• FAST INPUT SWITCHING: 6ns (TTL) 

• 16-PIN DIP PACKAGE 

DESCRIPTION 

The OPA675 and OPA676 are wideband monolithic 
operational amplifiers with two independent differen- 
tial inputs. Either input can be selected by an external 
logic signal. The OPA675 is compatible with differ- 
ential ECL logic while the OPA676 is TTL compat- 
ible. Both amplifiers are extemally compensated and 
feature very fast input selection speed: ECL = 4ns, 
TTL = 6ns. This amplifier features fully symmetrical 
differential inputs due to its "classical" operational 
amplifier circuit architecture. Unlike "current-feed- 



input A 



APPLICATIONS 

• PROGRAMMABLE-GAIN AMPLIFIER 

• FAST 2-INPUT MULTIPLEXER 

• SYNCHRONOUS DEMODULATOR 

• PULSE/RF AMPLIFIERS 

• VIDEO AMPLIFIERS 

• ACTIVE FILTERS 



back** amplifier designs, the OPA675/676 may be used 
in all op-amp applications requiring high speed and 
precision. 

Low distortion and crosstalk make these amplifiers 
suitable for RF and video applications. 

The OPA675 and OPA676 are available in KG (O^C 
to +70^0 and SG (-55°C to +125°C) grades. All 
grades are packaged in a 16-pin DIP. 



Input B 




O Output 



O Compensation 



TTL: OPA676 
ECL: OPA675 
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SPECIFICATIONS 

ELECTRICAL 

At Vgg » ±5VDC, Rl = 150a, and T^ = +25*0 unless othenwise noted. 



PARAMETER 


CONDITIONS 


JG 


SG 


KG 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


INPUT NOISB'> 
























Voltage: fo^lOHz 


R3-OQ 




27 






• 










nV/^ 


fo = 100Hz 






10 






• 










nV/VHz 


fo»1kH2 






3.8 






* 










nV/VHz 


fo-10kH2 






2.6 






• 










nv/Vni 


fo-IOOkHz 






2.4 






* 










nV/VFiz 


fa-IOHztolOMHz 






7.9 






* 










nVrms 


Current: f^* lOHztolMHz 






2.7 






• 










PA/VHz 


OFFSET VOLTAGE«'> 
























Input Offset Voltage 


VcM - OVDC 




±500 


±2mV 




* 


* 




±250 


±1mV 


nv 


Average Drift 


TA = T„^toT^ 




±3 


±10 




* 


* 




±1 


±5 


jiV/'C 


Supply Rejection 


±Vcc » 4.5V to 5.5V 


65 


86 




* 


* 




70 


* 




dB 


BIAS CURRENT^) 
























Input Bias Cun-ent 


Vc„ « OVDC 




23 


35 




* 


• 




* 


30 


ha 


OFFSET CURRENT") 
























Input Offset Current 


Vc„ - OVDC 




0.8 


5 




* 


* 




* 


* 


HA 


INPUT IMPEDANCE') 
























Differential 






10*ll2 






* 






* 




allpF 








IOHI5 






* 






* 




flIlpF 


INPUT VOLTAGE RANGE") 
























Common-Mode Input Range 




±2.1 


±2.5 




* 


* 




* 


* 




V 


Common-Mode Rejection 


V^ = ±0.5VDC 


75 


100 




* 


* 




85 


* 




dB 


OPEN LOOP GAIN, 0C"> 
























Open-Loop Voltage Gain 




65 


70 




* 


• 




* 


* 




dB 


FREQUENCY RESPONSE 
























Closed-Loop Bandwidth 


Gain = +2V/V 
Gain = +6VA/ 
Gain = +10V/V 
Gain = +50VA^ 




100 
145 
185 
60 






• 






* 




MHz 
MHz 
MHz 
MHz 


Crosstalk 


Gain =:+10V/V.f= 100kHz 
f^lMHz 
f= 10MHz 
f» 100MHz 




-100 
-80 
-68 
•^5 






* 






• 




dBC<2) 
dBC 
dBC 
dBC 


Harmonic Distortion: 10MHz 


G= +10V/V,R^=50Q,Vo=0.5Vp-p 
second hannonic 
third harmonic 




-61 
-73 






* 






: 




dBC 
dBC 


Full Power Response 


Vq = 2.5Vp-p, Gain = +16V/V 


25 


44 




* 


* 




30 


* 




MHz 


Slew Rate 


Gain « +16V/V 


200 


350 




* 






240 


* 




V/jis 


Settling Time: 1% 






9 






* 






* 




ns 


0.1% 


Gain = +16V/V 




15 






* 






• 




ns 


0.01% 


0.625V step 




25 






* 






• 




ns 


INPUT SELECTIONi") 
























Transition Time 


ECL: OPA675 




4 






* 






• 




ns 


50% in to 50% Out 


TTL: OPA676 




6 






* 






• 




ns 


DIGITAL INPUT 
























TTL Logic Levels: V„ 


Logic ''LOM„^ = -6.4mA 







+0.8 


• 






* 






V 


v», 


Logic "HI". I,„ = 160mA 


+2.0 




+5 


* 






* 






V 


'«. 


Logic "LO", V„^ = +0.8V 




-0.05 


-0.2 




* 






* 




mA 


'«H 


Logic -HI". V,„ = +2.8V 




1 


20 




* 






* 




HA 


ECL Logic Levels: V„^ 


Logic "LO" 


-1.15 




-0.88 


* 






• 






V 


v„ 


Logic "HI" 


-1.81 




-1.475 


* 






* 






V 


1^ 


Logto"LO".V^--1.6V 




0.05 






* 






* 




HA 


'« 


Logic "HI". V,H = -1.0V 




50 






* 






* 




HA 


RATED OUTPUT 
























Voltage Output 


R,= 150Q 


±2.1 


±2.6 




* 


* 




* 


* 




V 




R, = 50Q 


+1.25 


+1.8 




* 


* 




* 


* 




V 






-0.95 


-1.1 




* 






-1.0 


* 




V 


Cun^ent Output 






±30 






, 






* 




mA 


Output Resistance 


1MHz. Open Loop. Cc = 5pF 




5 






* 






• 




Q 


Load Capacitance Stability 


Gain ^ +2yN 




50 






* 






• 




PF 


Short Circuit Current 


Momentary 


±30 


±50 




• 


* 




±30 


* 




mA 



* Same specifications as for JG. 
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SPECIFICATIONS (Cont) 

ELECTRICAL 

At Vgp = ±5VDC, Rl = 150Q, and T^ = +25°C unless otherwise noted. 



PARAMETER 


CONDITIONS 


JG 


SG 


KG 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


POWER SUPPLY 

Rated Voltage 
Derated Performance 
Current, Quiescent 


±Voc 

±Vcc 

lo = OmADC 


4.5 


5 
22 


6.5 
30 


* 


^ 


• 


* 


^ 


• 


VDC 
VDC 
mA 


TEMPERATURE RANGE 

Specification 
Operating: 


Ambient temp 
Ambient temp 



-55 


125 


+70 
+125 


-65 


. 


+125 


* 


. 


• 


OC 

"C 

oc/w 



Same specifications as for JG. 



ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

At Vp5 = ±5VDC, R^ = 150Q, and T^ = T^^ to T^ unless otherwise noted. 



PARAMETER 


CONDITIONS 


JQ 


SG 


KG 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


TEMPERATURE RANGE 
























Specification 


Ambient temp 







+70 


-55 




+125 


* 




* 


^C 


OFFSET VOLTAGE 
























Average Drift 


L = ^Mm to "'"max 




±3 


±10 




• 


* 




±1 


±5 


HV/'C 


Supply Rejection 


±Vcj. = 4.5V to 5.5V 


60 


85 




• 


* 




65 


* 




dB 


BIAS CURRENT 
























Input Bias Current 


Vc„ = 0VDC 




29 


50 




* 


* 




* 


, * 


HA 


OFFSET CURRENT 
























Input Offset Current 


Vc„»OVDC 




0.8 


10 




* 


* 




* 


* 


^A 


INPUT VOLTAGE RANGE 
























Common-Mode Input Range 




±2.0 


±2.3 






* 




* 


• 




V 


Common-Mode Rejection 


V,fj = ±0.5VDC 


60 


80 






• 




65 


* 




dB 


OPEN LOOP GAIN, DC 
























Open-Loop Voltage Gain 




60 


68 






' 




63 


69 




dB 


DIGITAL INPUT 
























TIL Logic Levels: V„ 


Logic "LOM„ = - 6.4mA 







+0.8 








• 






V 


V|H 


Logic "HI". l,H=160nA 


+2.0 




+5 








• 






V 


'iL 


Logic "LO",V^ = +0.8V 




-0.08 


-0.4 




* 






• 




mA 


•,H 


Logic "HI", V,H = +2.8V 




5 


50 




* 






* 




|xA 


ECL Logic Levels: V„ 


Logic "LO" 


-1.15 




-0.88 








* 






V 


V,H 


Logic "HI" 


-1.81 




-1.475 








* 






V 


>.L 


Logic "L0".V„^=:--1.6V 




0.05 






* 






• 




HA 


I.H 


Logic "HI", V„ = -1.0V 




50 






* 






* 




HA 


RATED OUTPUT 
























Voltage Output 


Rl=150Q 


±2.0 


±2.5 




• 


* 




• 


* 




V 




R,= 50Q 


+1.25 


+1.6 




• 


• 




• 


* 




V 






-0.8 


-1.0 




* 


* 




-0.9 


* 




V 


POWER SUPPLY 
























Current, Quiescent 


Ip = OmADC 




25 


35 




* 


• 




* 


* 


mA 



* Same specifications as for JG. 

NOTES: (1 ) Specifications are for both inputs (A and B). (2) dBC = 
to input signal selection. 



Level referred to canler-input signal. (3) Switching time from appiioation of digital logic signal 
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MECHANICAL 



G Package— 16 Pin Ceramic DIP 





DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


.790 


.810 


20.07 


20.57 


C 


.105 


.170 


2.67 


4.32 


D 


.015 


.021 


0.38 


0.53 


F 


.048 


.060 


1.22 


1.52 


G 


.100 BASIC 


2.54 BASIC 1 


H 


.030 


.070 


0.76 


1.78 


J 


.008 


.012 


0.20 


0.30 


K 


.120 


.240 


3.05 


6.10 


L 


.300 BASIC 


7.62 BASIC 1 


i^ 


— 


10» 


— 


10° 


N 


.025 


.060 


0.64 


1.52 



U-L^ 



NOTE: Leads In true 
position within 0.01" 
(0.25mm) R at l\/II^C 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marited on pacloge. 



CO 

(O 
< 
Q. 
O 



CO 
QC 
UJ 

IJL 



PIN ASSIGNMENTS: OPA675 




1 +lnA 16 


•(-InB 


2 -In A 15 


-inB 


3 Offset Trim 14 


DNC 


4 Offset Trim 13 


CHA (ECL) 


5 Compensation Capacitor 12 


CHA (ECL) 


6 NC 11 


Common 


7 +Vcc ^0 


-Vcc 


8 Output 9 


NC 



ABSOLUTE MAXIMUM RATINGS 



Supply ±7VDC 

Intemal Power Dissipation lOOOmW 

Differential Input Voltage Total V^^ 

Input Voltage Range iV^g 

Storage Temperature Range -65'C to +150*C 

Lead Temperature (soldering, 10s) +300°C 

Output Short Circuit to Ground (•i-25°C) Continuous to ground 

Junction Temperature +175''C 



< 
z 
g 

I- 

< 

UJ 
Q. 
O 



PIN ASSIGNMENTS: OPA676 




1 +lnA 16 


+lnB 


2 -In A 15 


-InB 


3 Offset Trim 14 


DNC 


4 Offset Trim 13 


DNC 


5 Compensation Capacitor 12 


CHA (TTL) 


6 NC 11 


Common 


7 +Vcc 10 


-Vcc 


8 Output 9 


NC 



ORDERING INFORMATION 



DNC = Do Not Connect 



NC - No intemal Connection 



OPA675 (JU Q 



Basic Model Number 

Performance Grade Code - 

J, K: 0**C to +70«C 

S:-55°Cto+125°C 
Package Code 

G: 16-pin Ceramic DIP 
Reliability Screening 

Q: 0-Screened 



Y 
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TYPICAL PERFORMANCE CURVES 
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CHANNEL-TO-CHANNEL 
CROSSTALK vs. FREQUENCY 
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FIGURE 1 . Programmable-Gain Amplifier. 
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+8 


28 


196 


10 


+16 


20 


301 


3 


+32 


10 


309 






FIGURE 2. Two-Input Multiplexer (with gain). 



Ri 



In 
O- 



R3 



R2 
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— O 



Voltage Gain 


Ri 


R, 


R, 


R« 


Cc 


(V/V) 


(a) 


(«) 


(«) 


(ft) 


(pF) 


±2 


100 


200 


200 


200 


35 


±5 


40 


200 


50 


200 


16 


±10 


20 


200 


25 


225 


6.5 



40Q 



200Q 



I VvV •■ 



r 



95.3iJ 




Gain 
Trim 




lOkn 
Offset Trim 



FIGURE 3. Synchronous Modulator/Demodulator (with gain). 



FIGURE 4. Synchronous Modulator/Demodulator with 
Carrier Balance Trim (gain = ±5WfV). 
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APPLICATIONS 



• DATA ACQUISITION 

• DAC OUTPUT AMPLIFIER 

• OPTOELECTRONICS 

• HIGH-IMPEDANCE SENSOR AMPS 

• HIGH-PERFORMANCE AUDIO CIRCUITRY 

• MEDICAL EQUIPMENT— CT SCANNERS 



+V3(8) 



FEATURES 

• VERY LOW NOISE: SnV/VRz at 10kHz 

• LOW Vqs: SOO^iV max 

• LOW DRIFT: 5|iV/°C max 

• LOW Iq: 6pA max 

• FAST SETTLING TIME: 1.5|is to 0.01% 

• UNITY-GAIN STABLE 



DESCRIPTION 

The OPA2107 Dual operational amplifier provides 
precision Difet performance with the cost and space 
savings of a dual op amp. It is useful in a wide range 
of precision and low-noise analog circuitry and can 
be used to upgrade the performance of designs currently 
using BIFET® type amplifiers. 

The OPA2107 is fabricated on a proprietary dielec- 
trically-isolated (Difet ) process. This holds input bias 
currents to very low levels without sacrificing other 
important parameters, such as input offset voltage, 
drift and noise. Laser-trimmed input circuitry yields 
excellent DC performance. Superior dynamic perform- 
ance is achieved, yet quiescent current is held to under 
2.5mA per amplifier. The 0PA2 1 07 is unity-gain stable. 

The OPA2107 is available in Plastic DIP, Metal TO- 
99, and SOIC packages. Industrial and Military tem- 
perature range versions are available. 



-Vs(4) 

DIfeP Burr-Brown Corp. 
BIFET® National Semiconductor 

international Airport Industrial Park • Mailing Address: PO Box 11400 » Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
_^____ Tel: (602) 746-1111 » Twx: 910-952-1111 « Cable: BBRCORP ■ Telex: 66-6491 ♦ FAX; (602) 889-1510 
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SPECIFICATIONS 

T. = +25°C, Vg = ±15V unless otherwise noted. 





OPA2107AM, SM, AP, AU 


OPA2107BM 




PARAMETER 


CONDITION 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


UNITS 


OFFSET VOLTAGE') 


















Input Offset Voltage 


VcM = OV 




100 


ImV 




50 


500 


nv 


Over Specified Temperature 






0.5 


2 




0.2 


1 


mV 


SM Grade 






0.8 


2.5 








mV 


Average Drift: Over Specified Temperature 






3 


10 




2 


5 


nv/°c 


Power Supply Rejection 


Vs = ±10tO±18V 


80 


96 




84 


100 




dB 


INPUT BIAS CURRENT') 


















Input Bias Current 


VcM = OV 




4 


10 




2 


5 


pA 


Over Specified Temperature 






0.25 


1.5 




0.15 


1 


nA 


SM Grade 






4 


35 








nA 


Input Offset Current 


VcM = OV 




1 


8 




0.5 


3 


pA 


Over Specified Temperature 








1 






0.5 


nA 


SM Grade 






1 


28 








nA 


INPUT NOISE 


















Voltage: f = 10Hz 


(Rs = 0) 




30 






* 




nV/^/FE 


f= 100Hz 






12 






* 




nV/VHz 


f=1kHz 






9 






• 




nV/VHz 


f= 10kHz 






8 






* 




nV/VFE 


BW = 0.1 to 10Hz 






1.2 






* 




^V, p-p 


BW= 10 to 10kHz 






0.85 






* 




p-V. rms 


Current: f = 0.1 Hz thru 20kHz 






1.2 






0.9 




fA/VRz 


BW = 0.1 Hz to 10Hz 






23 






17 




fA.p-p 


INPUT IMPEDANCE 


















Differential 






10" II 2 






* 




ailpF 


Common-Mode 






10'^||4 






* 




QIIpF 


INPUT VOLTAGE RANGE 


















Common-Mode Input Range 




±10.5 


±11 




* 


* 




V 


Over Specified Temperature 




±10.2 


±10.5 




* 


* 




V 


SM Grade 




±10 


±10.3 










V 


Common-mode Rejection 


Vc„ = ±10V 


80 


94 




84 • 


96 




dB 


OPEN-LOOP GAIN 


















Open-Loop Voltage Gain 


Vo = ±10V, R, = 2kQ 


82 


96 




84 


100 




dB 


Over Specified Temperature 




80 


94 




82 


96 




dB 


SM Grade 




80 


92 










dB 


DYNAMIC RESPONSE 


















Slew Rate 


G = +1 


15 


20 




* 


* 




V/MS 


Settling Time: 0.1% 


G = -1,10V Step 




1 






* 




MS 


0.01% 






1.5 






* 




us 


Gain-Bandwidth Product 


G = 100 




5 






* 




MHz 


THD + Noise 


G = +1,f= 10kHz 




0.001 






0.001 




% 


Channel Separation 


f= 100Hz, RL=:2kQ 




125 






125 




dB 


POWER SUPPLY 


















Specified Operating Voltage 






±15 






* 




V 


Operating Voltage Range 




±4.5 




±18 


* 




* 


V 


Current 






±4.5 


±5 




* 


* 


mA 


OUTPUT 


















Voltage Output 


R, = 2kQ 


±11 


±12 




* 


* 




V 


Over Specified Temperature 




±10.5 


±11.5 




* 


* 




V 


SM Grade 




±10.2 


±11.3 










V 


Short Circuit Current 




±10 


±40 




* 


* 




mA 


Output Resistance, Open-Loop 


1MHz 




70 










Q 


Capacitive Load Stability 


G = +1 




1000 






*' 




PF 


TEMPERATURE RANGE 


















Specification 


















AP. AU, AM, BM 




-25 




+85 






* 


°C 


SM 




-55 




+125 








«C 


Operating 


















AP,AU 




-25 




+85 








°c 


AM, BM, SM 




-55 




+125 


* 




* 


°c 


Storage 


















AP.AU 




-40 




+125 








"C 


AM. BM, SM 




-65 




+150 


* 




* 


°c 


Thermal Resistance 


















AP 






90 










^cm 


AU 






100 










°c/w 


AM. BM. SM 






125 






* 




°c/w 



* Specifications same as OPA2107AM. 

NOTE: (1) Specified with devices fully warmed up. 
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FEATURES 

• LOW NOISE: 100% tested: 8nV/v1iz max at 10kHz 

• LOW BIAS CURRENT: 4pA max 

• LOW OFFSET: 500//V max 

• LOW DRIFT: 2.8//V/°C 

• HIGH OPEN LOOP GAIN: 114dB min 

• HIGH COMMON-MODE REJECTION: 96dB mIn 

DESCRIPTION 

The OPA2111 is a high precision monolithic 
£^//ef (dielectrically isolated FET) operational 
amplifier. Outstanding performance characteristics 
allow its use in the most critical instrumentation 
applications. 

Noise, bias current, voltage offset, drift, open-loop 
gain, common-mode rejection, and power supply 
rejection are superior to BIFET® amplifiers. 

Very-low bias current is obtained by dielectric isola- 
tion with on-chip guarding. 

Laser trimming of thin-film resistors gives very-low 
offset and drift. Extremely-low noise is achieved 
with new circuit design techniques (patent pending). 
A new cascode design allows high precision input 
specifications and reduced susceptibility to flicker 
noise. 

Standard dual op-amp pin configuration allows 
upgrading of existing designs to higher performance 
levels. 

BIFET® National Semiconductor Corp , £f//et® Burr-Brown Corp. 



APPLICATIONS 

• PRECISION INSTRUMENTATION 

• DATA ACQUISITION 

• TEST EQUIPMENT 

• PROFESSIONAL AUDIO EQUIPMENT 

• MEDICAL EQUIPMENT 

• DETECTOR ARRAYS 




OUTPUT 



PATENTED 



0PA2111 SIMPLIFIED CIRCUIT 
(EACH AMPLIFIER) 
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SPECIFICATIONS 

ELECTRICAL 

At Vcc = ±15VDC and Ta = +25°C unless otherwise noted. 



PARAMETER 


CONDITIONS 


0PA2111AM 


0PA2111BM 


0PA2111SM 


0PA2111KM/KP 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


INPUT 1 


NOISE 






























Voltage, fo = 10Hz 


Max: 100% tested 




40 


80 




30 


60 




40 


80 




40 




nV/VHz 


fo = 100Hz 


Max: 100% tested 




15 


40 




11 


30 




15 


40 




15 




nV/VHz 


fo = 1kHz 


Max: 100% tested 




8 


15 




7 


12 




8 


15 




8 




nV/VHz 


to = 10kHz 


(1) 




6 


8 




6 


8 




6 


8 




6 




nV/VHz 


fa = 10Hz to 10kHz 


(1) 




0.7 


1.2 




0.6 


1.0 




0.7 


1.2 




07 




//V, rms 


fe = 0.1Hz to 10Hz 


(i> 




1.6 


3.3 




1.2 


2.6 




1.6 


3.3 




1.6 




AfV, p-p 


Current, fB = 01Hz to 10Hz 


(i> 




15 


24 




12 


19 




15 


24 




15 




f A. p-p 


fo = 0.1Hz to 20kHz 


(11 




0.8 


1.3 




0.6 


1.0 




0.8 


1.0 




0.8 




fA/VHz 


OFFSET VOLTAGE'^* 






























Input Offset Voltage 


VcM = OVDC 




±0.1 


±0.75 




±0.05 


±0.5 




±0.1 


±0.75 




±0.3 


±2 


mV 


Average Drift 


Ta = Twin to Tmax 




±2 


±6 




±0.5 


±2.8 




±2 


±6 




±8 


±15 


/iV/»C 


Match 






±1 






±0.5 






2 






2 




/jwrc 


Supply Rejection 




90 


110 




96 


110 




90 


110 




86 


110 




dB 








±3 


±31 




±3 


±16 




±3 


±31 




±3 


±50 


//VA/ 


Channel Separation 


100Hz, Rl = 2kQ 




136 






136 






136 






136 




dB 


BIAS CURRENT"" 






























Initial Bias Current 


VcM = OVDC 




±2 


±8 




±1.2 


±4 




±2 


±8 




±3 


±15 


pA 


Match 






±1 






±0.5 






±1 






2 




pA 


OFFSET CURRENT'^' 






























input Offset Current 


VcM = OVDC 




±1.2 


±6 




±0.6 


±3 




±1.2 


±6 




±3 


±12 


pA 


IMPEDANCE 






























Differential 






10^' in 






10^' in 






10" in 






lo'^-in 




OlipF 


Common-Mode 






lO'-'llS 






10^*113 






10'* II 3 






10'' II 3 




OllpF 


VOLTAGE RANGE 






























Common-Mode Input Range 




±10 


±11 


±10 


±11 




±10 


±11 






±10 


±11 


V 




Common-Mode Rejection 


V,N = ±10VDC 


90 


110 




96 


110 




90 


110 




82 


110 




dB 


OPEN-LOOP GAIN, DC | 


Open-Loop Voltage Gain 


Rl > 2kn 


110 


125 




114 


125 




110 


125 




106 


125 




dB 


Match 






3 






2 






3 






3 




dB 


FREQUENCY RESPONSE | 


Unity Gain, Small Signal 






2 






2 






2 






2 




MHz 


Full Power Response 


20V p-p, Rl = 2kn 


16 


32 




16 


32 




16 


32 






32 




kHz 


Slew Rate 


Vo = ±10V.RL = 2kn 


1 


2 




1 


2 




1 


2 






2 




\//fJS 


Settling Time, 0.1% 


Gain = -1,RL = 2kO 




6 






6 






6 






6 




/iS 


0.01% 


10V step 




10 






10 






10 






10 




/us 


Overload Recovery, 






























50% Overdrive'^* 


Gain = -1 




5 






5 






5 






5 




flS 


RATED OUTPUT | 


Voltage Output 


RL = 2kO 


±10 


±11 




±10 


±11 




±10 


±11 




±10 


±11 




V 


Current Output 


Vo = ±10VDC 


±5 


±10 




±5 


±10 




±5 


±10 




±5 


±10 




mA 


Output Resistance 


DC, open loop 




100 






100 






100 






100 







Load Capacitance Stability 


Gain = +1 




1000 






1000 






1000 






1000 




PF 


Short Circuit Current 




10 


40 




10 


40 




10 


40 




10 


40 




mA 


POWER SUPPLY 1 


Rated Voltage 






±15 






±15 






±15 






±15 




VDC 


Voltage Range, 






























Derated Performance 




±5 




±18 


±5 




±18 


±5 




±18 


±5 




±18 


VDC 


Current. Quiescent 


lo = OmADC 




5 


7 




5 


7 




5 


7 




5 


9 


mA 


TEMPERATURE RANGE | 


Specification 


Ambient temp. 


-25 




+85 


-25 




+85 


-55 




+125 







+70 


°C 


Operating "M" Package 


Ambient temp. 


-55 




+125 


-55 




+125 


-55 




+125 


-55 




+125 


"C 


"P" Package 






















-40 




+85 


"C 


Storage "M" Package 


Ambient temp. 


-65 




+150 


-65 




+150 


-65 




+150 


-65 




+150 


"0 


"P" Package 






















-40 




+85 


«C 


e Junction-Ambient 






200 






200 






200 






200'*' 




»C/W 



NOTES: (1) Sample tested— maximum parameters are guaranteed. (2) Offset voltage, offset current, and bias current are measured with the units fully warmed 
up. (3) Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input 
overdrive. (4) Typical ^j-a = 150''C/W for plastic DIP. 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

At Vcc = ±15VDC and Ta = Tmin to Tmax unless otherwise noted. 



PARAMETER 


CONDITIONS 


0PA2111AM 


0PA2111BM 


0PA2111SM 


0PA2111KM/KP 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 1 MAX 


TEMPERATURE RANGE | 


Specification Range 


Ambient temp 


-25 




+85 


-25 




+85 


-55 




+125 





1 +70 


X 


INPUT 1 


OFFSET VOLTAGE"' 

Input Offset Voltage 

Average Drift 

Match 

Supply Rejection 


VcM = OVDC 


86 


±0.22 

±2 

1 

100 

±10 


±1.2 
±6 

±50 


90 


±0 08 

±0 5 
05 
100 
±10 


±0 75 
±2 8 

±32 


86 


±0.3 
±2 
2 
100 

±10 


±1 5 
±6 

±50 


82 


±0 9 
±8 
2 
100 

±10 


±5 
±15 

±80 


mV 

fji\/rc 

dB 


BIAS CURRENT" 

Initial Bias Current 
Match 


VcM = OVDC 




±125 
60 


±1nA 




±75 
30 


±500 




±2 0nA 
1nA 


±16 3nA 




±125 


±500 


pA 
pA 


OFFSET CURRENT'" 

Input Offset Current 


VcM = OVDC 




±75 


±750 




±38 


±375 




±1.3nA 


±12nA 




±75 


±375 


pA 


VOLTAGE RANGE 

Common-Mode Input Range 
Common-Mode Rejection 


V,N = ±10VDC 


±10 
86 


±11 
100 




±10 
90 


±11 
100 




±10 
86 


±11 
100 




±10 
80 


±11 
100 




V 
dB 


OPEN-LOOP GAIN, DC | 


Open-Loop Voltage Gam 
Match 


Rl > 2kn 


106 


120 
5 




110 


120 
3 




106 


120 
5 




100 


120 
5 




dB 
dB 


RATED OUTPUT | 


Voltage Output 
Current Output 
Short Circuit Current 


Rl = 2kn 

Vo = ±10VDC 

Vo = OVDC 


±10 5 
±5 
10 


±11 
±10 
40 




±10.5 
±5 
10 


±11 
±10 
40 




±10 5 

±5 
10 


±11 
±10 
40 




±10 5 

±5 
10 


±11 
±10 
40 




V 

mA 
mA 


POWER SUPPLY 1 


Current, Quiescent 


to = OmADC 1 


5 


« 


5 


« 


5 


8 




5 


10 


mA 1 



CM 

< 

O 



cn 

UJ 



NOTES (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up 

CONNECTION DIAGRAMS 




*M' Package— Top View 

Out A 



+Vcc And Case 




< 
z 
g 

< 
UJ 

o 



ORDERING INFORMATION 



Model 


Package 


Range 


Offset Voltage, 
max (mV) 


0PA2111AM 
0PA2111BM 
0PA2111KM 
0PA2111SM 
0PA2111KP 


TO-99 
TO-99 
TO-99 
TO-99 
Plastic 


-25»Cto+85X 
-25X to +85"'C 

CO to +70°C 
-55«Cto+125°C 

OX to +70°C 


±0.75 
±0.5 
±2.0 
±0.75 
±2.0 


BURN-IN SCREENING OPTION | 


Model 


Package 


Range 


Bum-In 
Temp. (160h)"' 


0PA2111AM-BI 
0PA2111BM-BI 
0PA2111KM-BI 
0PA2111SM-BI 
OPA2111KP-BI 


TO-99 
TO-99 
TO-99 
TO-99 
Plastic 


-25»C to +85*0 
-25X to +85»C 

0«C to +70*C 
-55»Cto+125X 

OX to +70"'C 


+125*0 
+125X 
+125X 
+125»C 
+85"'C 



NOTE: (1) Or equivalent combination of time and temperature. 
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ABSOLUTE MAXIMUM RATINGS 



Supply 

Internal Power Dissipation (Tj < +175°C) . . 

Differential Input Voltage 

Input Voltage Range 

Storage Temperature Range: "M" Package. 
"P" Package . 



±18VDC 

500mW 

Total Vcc 

±Vcc 

-65X to +150°C 
-40°C to +85''C 



Operating Temperature Range: "M" Package -SS'C to +125"C 

"P" Package -40°C to +85''C 

Lead Temperature (soldering, 10s) +300*C 

Output Short Circuit to ground (+25'*C) — Continuous 

Junction Temperature +175'*C 



MECHANICAL 




NOTE Leads in true 
position within 01" 
(0 25mm) R gt MMC at 
seating plane Pin numbers 
shown for reference only 
Numbers may not be 
marked on package Pin 
material and plating 
composition conform to 
Method 2003 (solderability) 
of MIL-STD-883 (except 
paragraph 3 2) 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


C 


165 


185 


419 


4 70 


D 


016 


021 


41 


53 


E 


010 


040 


25 


102 


F 


010 


040 


25 


102 


G 


200 BASIC 


5 08 BASIC 


H 


028 


034 


71 


86 


J 


029 


045 


74 ' 


1 14 


K 


500 


— 


127 


— ^ 


L 


110 


160 


2 79 


4 06 


M 


45° BASIC 


45° BASIC 


N 


095 1 105 


2 41 1 2 67 



'P' Package— Plastic DIP 




-W Lm 



NOTE Leads in true 
position within 01" 
(0 25mm) R at MMC at 
seating plane. Pin numbers 
shown for reference only. 
Numbers may not be 
marked on package. Pin 
material and plating 
"composition conform to 
Method 2003 (solderability) 
of MIL-STD-883 (except 
paragraph 3 2) 





\. 


— Pinl 




DIM 


INCHES 


MILLIMETERS 1 


MIN 


MAX 


MIN 


MAX 


A 


355 


400 


9 02 


1016 


Ai 


340 


385 


8 65 


9 80 


B 


230 


290 


5 85 


.. 7 38 


Bi 


200 


250 


5 09 


6 36 


G 


120 


200 


3 05 


5,09 


D 


015 


023 


38 


59 


F " 


030 


070 


76 


178 


G- 


100 BASIC 


2 54 BASIC 


H 


025 


050 


0^ 


127 


J 


008 


015 


020 


38 


K 


070 


150 


178 


3 82 


L 


300 BASIC 


7 63 BASIC 


M 


0» 


15° 


0° 


15° 


N 


010 


030 


25 


76 


P 


.025, 


050 


064 


127 



TYPICAL PERFORMANCE CURVES 

Ta = +25" C. Vcc = ±15VDC unless otherwise noted. 
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TOTAL' INPUT VOLTAGE NOISE (PEAK-TO-PEAK) 
vs SOURCE RESISTANCE 
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GAIN-BANDWIDTH AND SLEW RATE 
vs TEMPERATURE 



















^ 














. 












^ 


— ■ 



















-75 -50 -25 +25 ^50 +75 

Ambient Temperature ("C) 



Burr-Brown IC Data Book 



2-199 



Vol. 33 



o 

I 01 



BIAS AND OFFSET CURRENT 
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MAXIMUM UNDISTORTED OUTPUT 
VOLTAGE vs FREQUENCY 
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APPLICATIONS INFORMATION 

OFFSET VOLTAGE ADJUSTMENT 

The OPA2111 offset voltage is laser-trimmed and will 
require no further trim for most applications. 
Offset voltage can be trimmed by summing (see Figure 1). 
With this trim method there will be no degradation of 
input offset drift. 




FIGURE 1. Offset Voltage Trim. 



INPUT PROTECTION 

Conventional monolithic FET operational amplifiers re- 
quire external current-limiting resistors to protect their 
inputs against destructive currents that can flow when 
input FET gate-to-substrate isolation diodes are forward- 
biased. Most BIFET® amplifiers can be destroyed by the 
loss of — Vcc 

Because of its dielectric isolation, no special protection is 
needed on the OPA2111. Of course, the differential and 
common-mode voltage limits should be observed. 
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TOTAL HARMONIC DISTORTION 
VS FREQUENCY 
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Frequency (Hz) 

Static damage can cause subtle changes in amplifier input 
characteristics without necessarily destroying the device. In 
precision operational amplifiers (both bipolar and FET 
types), this may cause a noticeable degradation of offset 
voltage and drift. 

Static protection is recommended when handling any pre- 
cision IC operational amplifier. 

GUARDING AND SHIELDING 

As in any situation where high impedances are involved, 
careful shielding is required to reduce "hum" pickup in 
input leads. If large feedback resistors are used, they should 
also be shielded along with the external input circuitry. 

Leakage currents across printed circuit boards can easily 
exceed the bias current of the OPA2111. To avoid leakage 
problems, it is recommended that the signal input lead of 
the OPA2111 be wired to a Teflon standoff. If the OPA2ni 
is to be soldered directly into a printed circuit board, 
utmost care must be used in planning the board layout. A 
"guard" pattern should completely surround the high 
impedance input leads and should be connected to a low 
impedance point which is at the signal input potential (see 
Figure 2). 

NOISE: FET VERSUS BIPOLAR 

Low noise circuit design requires careful analysis of all 
noise sources. External noise sources can dominate in 
many cases, so consider the effect of source resistance on 
overall operational amplifier noise performance. At low 
source impedances, the low voltage noise of a bipolar 
operational amplifier is superior, but at higher impedances 
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FIGURE 2. Connection of Input Guard. 

the high current noise of a bipolar amplifier becomes a 
serious liability. Above about ISkCl the OPA2111 will have 
lower total noise than an OP-27 (see Figure 3). 




10k 100k 

Source Resistance (Rs), O 



FIGURE 3. Voltage Noise Spectral Density Versus 
Source Resistance. 

BIAS CURRENT CHANGE VERSUS 
COMMON-MODE VOLTAGE 

The input bias currents of most popular BIFET® opera- 
tional amplifiers are affected by common-mode voltage 
(Figure 4). Higher input FET gate-to-drain voltage causes 
leakage and ionization (bias) currents to increase. Due to 
its cascode input stage, the extremely-low bias current of 
the OPA2111 is not compromised by common-mode volt- 
age. 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 




OP-15/16/17 "Perfect Bias Current Cancellation" 
1 I I III 



-10 5 ^5 +10 

Comnnon-Mode Voltage (VDC) 



FIGURE 4. Input Bias Current Versus Common-Mode 
Voltage. 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

APPLICATIONS CIRCUITS 

Figures 5 through 13 are circuit diagrams of various 
applications for the 0PA2111. 
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FIGURE 5. Auto-Zero Amplifier. 
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FIGURE 6. Sensitive Photodiode Amplifier. 



Burr-Brown IC Data Book 



2-202 



Vol. 33 



»10pF 



\\- 



mo 



IMPUT O- 




SIMQ / 







~0 OUTPUT 



CM 

< 
Q. 

o 



aOlpF POLYSTYRENE 



DROOP -> 0.5mV/s 



'REVERSE POURITY FOR NERATIVE 
PEAK DETECTION 



FIGURE 7. Low-Droop Positive Peak Detector. 
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SINCE SIGNAL VOLTAGE SUMS DIRECTLY WITH N 
BUT AMPLIFIER NOISE VOLTAGE SUMS AS x/N. 
SIGNAL-TO-NOISE RATIO IMPROVES BY ^/f[. 



Av = -1010 

en = 19nV/v/HzTYP* ATlOkHz 

BW = 30kHz TYP 

GBW = 303 MHz TYP 

Vos = ±16a(V TYP* 

AVos/AT = ±016/LiV/°CTYP* 

Ib = 40pA max 

Z,N HO"n II 30pF 

THEORETICAL PERFORMANCE 
ACHIEVABLE FROM 0PA2111BM 
WITH UNCORRELATED RANDOM 
DISTRIBUTION OF PARAMETERS. 



OUTPUT 




FIGURE 8. 'N' Stage Parallel-Input Amplifier. 
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NOTE LOWER VALUE RESISTORS 
WILL HAVE LOWER THERMAL 
NOISE BUT CAPACITORS 
MUST BE SCALED LARGER 



Av = 2.6 
fc = 10Hz 
-24dB/0CTAVE 



FIGURE 9. lOHz Fourth-Order Butterworth Low-Pass 
Filter. 
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FIGURE 10. FET Input Instrumentation Amplifier. 
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FIGURE 11. High-Impedance 60Hz Reject Filter 
with Gain. 
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FIGURE 12. RIAA Equalized Stereo Preamplifier. 




Eo = 10(1+2R2/Ri){E2-Ei) 
= 10001E2-Ei) 

Using the INA106 for an output difference amplifier extends the 
input common-mode range of an instrumentation amplifier to ±10V 
A conventional lA with a unity-gam difference amplifier has an input 
common-mode range limited to +5V for an output swing of ±10V 
This IS because a unity-gain difference amp needs ±5V at the input 
for 10V at the output, allowing only 5V additional for common mode 



FIGURE 13. Precision Instrumentation Amplifier. 
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FEATURES 

• OUTPUT CURRENTS TO 5A 

• POWER SUPPLIES TO ±40V 

• FET INPUT 

• ELECTRICALLY ISOLATED CASE 

APPLICATIONS 

• MOTOR DRIVER 

• SERVO AMPLIFIER 

• SYNCHRO/RESOLVER EXCITATION 

• VOICE COIL DRIVER 

• BRIDGE AMPLIFIER 

• PROGRAMMABLE POWER SUPPLY 

• AUDIO AMPLIFIER 



DESCRIPTION 

The OPA2541 is a dual power operational amplifier 
capable of operation from power supplies up to 
±40V and output currents of 5A continuous. With 
two monolithic power amplifiers in a single package 
it provides unequaled functional density. 
The industry-standard 8-pin TO-3 package is isolated 
from all internal circuitry allowing it to be mounted 
directly to a heat sink without insulators which 
degrade thermal performance. Internal circuitry limits 
output current to approximately 6 A. 
The OPA2541 is available in both industrial and 
military temperature range versions. Enhanced relia- 
bility screening is also available. 



+V8 (2) 




(5.1) 



-Vs (6) 
International Airport Industrial Park - P.O. Box 11400 • Tucson. Arizona 85734 • Tel. (602) 746-1111 • Twx: 910-95M111 - Cable: BBRCORP • Telex: 66-6491 
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SPECIFICATIONS 



ELECTRICAL 

At Tc = +25°C and Vs = 



±35VDC unless otherwise noted 



PARAMETER 


CONDITIONS 


OPA2541AM 


OPA2541BM/SM 


UNITS 


MIN 


TYP 


MAX 


MIN 


TVP, 


MAX 


INPUT OFFSET VOLTAGE | 


Vos 
VS Temperature 
vs Supply Voltage 
vs Power 


Specified temperature range 
Vs = ±10V to ±Vmax 




±2 
±20 
±2 5 
±20 


±10 
±40 
±10 
±60 




±0.25 

±15 

* 
* 


±1 
±30 

* 


mV 
/iV/»C 
AtV/V 
UMPH 


INPUT BIAS CURRENT ] 


Ib 


Specified temperature range 




15 
Notel 


50 




* 
* 


* 


pA 


INPUT OFFSET CURRENT | 


los 


Specified temperature r^nge 




±5 
Notel 


±30 




* 


* 


pA 


INPUT CHARACTERISTICS | 


Common-Mode Voltage Range 
Common-Mode Rejection 
Input Capacitance 
Input Impedance, DC 


Specified temperature range 
VcM = (|±Vs|-6V) 


±(|Vs|-6) 
95 


±(|Vs|-3) 
106 
5 

1 




* 


* 
* 
* 




V 

dB 

PF 

lO^^O 


GAIN CHARACTERISTICS | 


Open Loop Gam at 10Hz 


Rl = 6Q 


90 


96 
1 6 




* 


* 
* 




dB 
MHz 


OUTPUT 1 


Voltage Swmg 
Current, Continuous 


lo = 5A 

lo = 2A 

lo = 5A 

+25°C 

+85''C 

+125°C (SM grade only) 


±(|Vs|-5 5) 
±(|Vs|-4.5) 
±(|Vs|-4) 

5 

4 


±(|Vs|-4 5) 
±(|Vs|-3 6) 
±(|Vs|-3 2) 

7.0 

5.0 




3 


* 
3.5 




V 
V 
V 
A 
A 
A 


AC PERFORMANCE | 


Slew Rate 
Power Bandwidth 
Settling Time to 01% 
Capacitive Load 

Phase Margin 
Channel Separation 


Rl = 80, Vo = 20Vrms 

2V Step 

Specified temperature range, G = 1 

Specified temperature range, G > 10 

Specified temperature range, Rl = Bfi 

1kHz, Rl = 60 


6 
45 


8 

55 
2 

40 
80 


3.3 
SOA 


* 


* 
* 
* 

* 
* 


* 


V///S 
kHz 
US 

nF 

Degrees 
dB 


POWER SUPPLY 1 


Power Supply Voltage, ±Vs 
Current, Quiescent 


Specified temperature range 
Total— both amplifiers 


±10 


±30 
40 


±35 
50 


* 


±35 


±40 


mA 1 


THERMAL RESISTANCE | 


^jc, (junction to case) 
dj/K, (junction to ambient) 


Both amplifiers"*', AC output f > 60Hz 
Both amplifiers'^', DC output 
One amplifier, AC output f > 60Hz 
One amplifier, DC output 
No heat sink 




0.8 
0.9 
1.25 
14 
30 


1.0 
12 
15 
1.9 






* 
* 
* 


°c/w 
°c/w 
x/w 
x/w 


TEMPERATURE RANGE | 


Case 


AM, BM 
SM 


-25 




+85 


* 

-55 




* 
+125 


? 



♦Specification same as OPA541AM 

NOTES. (1) Input bias and offset current approximately doubles for every 10°C increase in temperature. (2) Assumes equal dissipation in both amplifiers 
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MECHANICAL 



Seating Plane 



^B^ 




""1 


( 




1 


^\ . 


* 




NOTE Leads in true position 
within 010" (0 25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1510 


1550 


38 35 


39 37 


B 


745 


770 


18 92 


19 56 


C 


260 


300 


6 60 


7 62 


D 


038 


042 


097 


107 


E 


080 


105 


2 03 


2 67 


F 


40° BASIC 


40" BASIC 


G 


.500 BASIC 


12 7 BASIC 


H 


1 186 BASIC 


30 12 BASIC 


J 


593 BASIC 


15 06 BASIC 


K 


400 


500 


1016 


12 70 


Q 


161 


161 


3 84 


4 09 


R 


980 


1020 


24 89 


25 91 



lO 
CM 

< 

O 




ABSOLUTE MAXIMUM RATINGS 



Supply Voltage, +Vs to -Vs 80V 

Output Current see SOA 

Power Dissipation, Internal"' 125W 

Input Voltage. Differential ±Vs 

Common-mode ±Vs 

Temperature: Pin solder, 10s +300°C 

Junction"' +150°C 

Temperature Range 

Storage -65°C to +150°C 

Operating (case) -55°C to +125*'C 

NOTE (1) Long term operation at the maximum junction temperature 
will result in reduced product life Derate internal power dissipation to 
achieve high MTTF 



ORDERING INFORMATION 



CONNECTION DIAGRAM 
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+lnA 
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21^ 


^7^ OutB 


-In A 1 4 y 


vA 


] 


OutA CO" 
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+lnB 
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Model 


Package 


Temperature 
Range 


Current 
Continuous 


OPA2541AM 
OPA2541BM 
OPA2541SM 


TO-3 
TO-3 
TO-3 


-25°C to +85°C 
-25°C to +85°C 
-55°Cto+125°C 


5Aat25°C 
4Aat25°C 
3Aat25»C 


BURN-IN SCREENING OPTION | 


Model 


Package 


Temperature 
Range 


Burn-In 
Temp. (160h)"' 


OPA2541AM-BI 
OPA2541BM-BI 
OPA2541SM-BI 


TO-3 
TO-3 
TO-3 


-25°C to +85°C 
-25X to +85°C 
-65°Cto+125°C 


+85"'C 
+85°C 
+125"'C 



CO 

tc 

UJ 
U. 



< 

z 
o 

< 
DC 
UJ 
Q. 
O 



NOTE. (1) Or equivalent combination of time and temperature (2) Minimum order is 25 pieces 

TYPICAL PERFORMANCE CURVES 

Ta = +25°C, Vs = ±35VDC unless otherwise noted 

INPUT BIAS CURRENT VS TEMPERATURE 
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OPEN-LOOP GAIN AND PHASE VS FREQUENCY 
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NORMALIZED QUIESCENT CURRENT 
VS TOTAL POWER SUPPLY VOLTAGE 



OUTPUT VOLTAGE SWING 
VS OUTPUT CURRENT 
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VOLTAGE NOISE DENSITY VS FREQUENCY 



TOTAL HARMONIC DISTORTION VS FREQUENCY 
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COMMON-MODE REJECTION VS FREQUENCY 



OUTPUT CURRENT VS TEMPERATURE 
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DYNAMIC RESPONSE 



PYNAMIC RESPONSE 




ZuoAD = ». Vs = ±35V. Av = +1 




Zload = 4700pF, Vs = ±35, Av 



INSTALLATION 
INSTRUCTIONS 

POWER SUPPLIES 

The OPA2541 is specified for operation from power 
supplies up to +40V. It can also be operated from an 
unbalanced or a single power supply so long as the total 
power supply voltage does not exceed 80V (70V for 
"AM" grade). The power supplies should be bypassed 
with low series impedance capacitors such as ceramic or 
tantalum. These should be located as near as practical to 
the amplifier's power supply pins. Good power amplifier 
circuit layout is, in general, like good high-frequency 
layout. Consider the path of large power supply and 
output currents. Avoid routing these connections near 
low-level input circuitry to avoid waveform distortion 
and instability. 

Signal dependent load current can modulate the power 
supply voltage with inadequate power supply bypassing. 
This can affect both amplifiers' outputs. Since the second 
amphfier's signal may not be related to the first, this will 
degrade the inherent channel separation of the OPA2541. 

HEAT SINKING 

Most applications will require a heat sink to prevent 
junction temperatures from exceeding the 150°C max- 
imum rating. The type of heat sink required will depend 
on the output signals, power dissipation of each amplifier, 
and ambient temperature. The thermal resistance from 
junction to case, Ojc, depends on how the power dissipa- 
tion is distributed on the amplifier die. 
DC output concentrates the power dissipation in one 
output transistor. AC output distributes the power dissi- 
pation equally between the two output transistors and 
therefore has lower thermal resistance. Similarly, tjie 
power dissipation may be all in one, amplifier (worst 
case) or equally distributed between the two amplifiers 
(best case). Thermal resistances are provided for each of 
these possibilities. The case-to-juction temperature rise is 
the product of the power dissipation (total of both 
amplifiers) times the appropriate thermal resistance — 

A Tjc = (Pd total) (M. 



Sufficient heat sinking must be provided to keep the case 
temperature within safe limits for the maximum ambient 
temperature and power dissipation. The thermal resis- 
tance of the heat sink required may be calculated by: 

dus = 150°C - A Tjc - Ta/Pd total 
Commercially available heat sinks usually specify thermal 
resistance. These ratings are often suspect, however, 
since they depend greatly on the mounting environment 
and air flow conditions. Actual thermal performance 
should be veirified by measurement of case temperature 
under the required load and environmental conditions. 

No insulating hardware is required when using the 
OPA254I. Since mica and other similar insulators typ- 
ically add 0.7°C/W thermal resistance, this is a significant 
advantage. See Burr-Brown Application Note AN-83 for 
further details on heat sinking. 

SAFE OPERATING AREA 

The Safe Operating Area (SOA) curve provides compre- 
hensive information on the power handling abilities of 
the OPA2541. It shows the allowable output current as a 
function of the voltage across the conducting output 
transistor (see Figure 1). This voltage is equal to the 
power supply voltage minus the output voltage. For 
example, as the amplifier output swings near the positive 
power supply voltage, the voltage across the output 
transistor decreases and the device can safely provide 
large output currents demanded by the load. 
The internal current limit will not provide short-circuit 
protection in most applications. When the amplifier 
output is shorted to ground, the full power supply 
voltage is impressed across the conducting output tran- 
sistor. For instance, with Vs = +35V, a short circuit to 
ground would impress 35V across the conducting power 
transistor. The maximum safe output current at this 
voltage is 1.8A, so the internal current limit would not 
protect the amplifier. The unit-to-unit variation and 
temperature dependence of the internal current limit 
suggest that it be used to handle abnormal conditions 
and not activated in commonly encounted circuit oper- 
ation. 
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SAFE OPERATING AREA 
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FIGURE 1. Safe Operating Area. 

Reactive, or EMF generating loads such as DC motors 
can present demanding SOA requirements. With a purely 
reactive load, output voltage current occurs when the 
output voltage is zero and the voltage across the con- 
ducting transistor is equal to the full power supply 
voltage. See Burr-Brown Application Note AN-123 for 
further information on evaluating SOA. 
Applications with inductive or EMF-generating loads 
which can produce "kick back" voltage surges to the 
amplifiers should include clamp diodes from the output 
terminals to the power supplies. These diodes should be 
chosen to limit the peak amplifier output voltage surges 
to less than 2V beyond the power supply rail voltage. 

APPLICATIONS CIRCUITS 



Common lA rated rectifier diodes will suffice in most 
applications. 

BURN-IN SCREENING 

Burn-in screening is an option available for the products 
listed in the Ordering Information table. Burn-in duration 
is 160 hours at the maximum specified grade operating 
temperature (or equivalent combination of time and 
temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 
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FIGURE 2. Clamping Output for EMF-Generating Loads. 



FIGURE 3. Isolating Capacitive Loads. 
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FIGURE 4. Paralleled Operation, Extended SOA. 




FIGURE 5. Programmable Voltage Source. 
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FIGURE 6. 16-Bit Programmable Voltage Source. 
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FIGURE 7. Bridge Amplifier Motor-Speed Controller. 
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FIGURE 8. Limiting Output Current. 
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BURR-BROWN® 




3507J 



Fast-Slewing 
OPERATIONAL AMPLIFIER 



FEATURES 

• 120V/M8ec SLEW RATE 

• 20MHz GAIN-BANDWIDTH PRODUCT 

• INTERCHANGEABLE WITH 741 TYPES 

DESCRIPTION 

Burr-Brown model 3507J is intended for use in 
circuits requiring fast transient response-pulse am- 
plifiers, D/ A converters, comparators, fast followers, 
etc. Key parameters such as slew rate, settling time 
and bandwidth are orders of magnitude better than 
for most other IC op amps. 

The 3507J is compensated to allow faster slewing and 
greater bandwidth for gains of 3 or more. For gains 
greater than 3, the gain roUoff is 6dB/ octave. By use 
of a single external 20pF compensation capacitor the 
3507J can be stabilized at all gains including unity. In 
addition, by use of an alternate compensation 
technique, it is possible to stabilize the 3507J at unity 
gain without sacrificing its faster slew rate. 
The 3507J is pin-compatible with other standard IC 
op amps while offering greater speed and higher 
output current. It also is input- and output-protected 
to prevent damage if the output is shorted to 
common, or the input is shorted to supply voltage. 
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SPECIFICATIONS 

ELECTRICAL 

Typical at ±15VDC and +250C unless otherwise noted. 



MECHANICAL 



MODEL 


3507J 1 




TYPICAL 


GUARANTEED | 


OPEN-LOOP GAIN. DC | 


No Load 
2knLoad 


90dB 
83dB 


77dB 1 


RATED OUTPUT | 


Voltage (1kn load) 
Current 


±12V 
±20mA 


±10V 
±10mA 


DYNAMIC RESPONSE | 


Small Signal Bandwidth (OdB) 

Gain-Bandwidth Product (Acl = 10) 

Full Power Bandwidth 

Slew Rate 

Settling Time (0.1%) 

Rise Time (10-90%, small signal) 

Overshoot 


20MHz 
1.6MHz 
l20V/MSec 
200nsec 
25nsec 


1.2MHz 
80V/MSec 

SOnsec 


INPUT OFFSET VOLTAGE | 


Initial (without adjust) at+25<'C 
Over Temperature 
(avg. 0°C to +70oC) 
vs Supply Voltage 
vs Time 


±5mV 

±30mV/«C 
±30mV/V 
±50MV/mo 


±10mV 
±14mV 

200mV/V 


INPUT BIAS CURRENT | 


Initial at +2500 
Over Temperature 
(avg.0oCto+70oC) 


+50nA 
±0.5nA/oC 


+250nA 
+500nA 


INPUT DIFFERENCE CURRENT | 


Initial at +25*>C 
Over Temperature 
(avg.0*>Cto+70oC) 


±20nA 
±0.1 nA/°C 


±50nA 
±100nA 


INPUT IMPEDANCE | 


Differential 
Common-Mode 


lOOMn II 3pF 
lOOOMn 11 3pF 


40Mn 


INPUT VOLTAGE RANGE | 


Common-Mode (linear operation) 

Absolute Max (either input) 
Common-Mode Rejection 


±12V 
90dB 


±10V 

±15V 

±Supply 

74dB 


POWER SUPPLY 1 


Rated Voltage 
Voltage Range, derated 
Current, quiecscent 


±8V to ±20V 
±4mA 


±15VDC 
±6mA 


TEMPERATURE RANGE | 


Specifications 

Operating 

Storage 




0<»C to +70OC 
-25«»C to +850C 
-65oCto+150oC 



TO-99 PACKAGE 




^ 



I i 



NOTE: 

Leads in true position within 0.10* 

(0.25mm) R at MMC at seating plane. 

Pin numbers shown for reference only. 
Numbers may not be marked on package. 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


851 


9 40 


B 


305 


335 


7 75 


8 51 


c 


165 


185 


4 19 


4 70 


o 


016 


021 


41 


53 


E 


.010 


040 


25 


1 02 


F 


010 


040 


25 


1 02 


G 


200 BASIC 


5 08 BASIC 1 


H 


028 


034 


071 


86 


J 


.029 


045 


74 


1 14 


K 


500 





12 7 


— 


L 


110 


160 


2 79 


406 


M 


45° BASIC 


45° BASIC 


N 


095 1 105 


2 41 1 2 67 



CONNECTION DIAGRAM 
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BURR-BROWy 3508J 
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CO 



Wideband 
OPERATIONAL AMPLIFIER 



(0 

cc 

UJ 
UL 

FEATURES 

• lOOmHz GAIN BANDWIDTH PRODUCT 

• 5nA INPUT BIAS CURENT < 

• 103dB OPEN-LOOP GAIN O 

DESCRIPTION < 

cc 

Burr-Brown model 3508J is a wideband operational UJ 

amplifier intended for use in circuits requiring (L 

extended bandwidth and high gain. Typical examples O 

of applications are: RF signal amplifiers, fast 
recovery voltage references, high speed integrators, 
high frequency active filters, and photodiode am- 
plifiers. 

Model 3508J is internally compensated for stability 
at gains greater than five and thus has a high gain- 
bandwidth product and fast slew rate. The 3508J 
can be externally compensated by use of a single 
capacitor, and can thus be stabilized at any value of 
gain. By use of an alternate compensation scheme 
the 3508J can be stabilized at unity gain without 
sacrificing slew rate. 

In addition to its wide bandwidth and high gain the 
amplifier has a number of other significant ad- 
vantages over other IC op amps; low bias current, 
high output current, and high common-mode re- 
jection. Inputs are protected against voltages up to 
the value of the power supplies. The output is 
current-limited to provide short-circuit protection. 
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SPECIFICATIONS 

ELECTRICAL 

Typical at ±15V and +25''C unless otherwise noted. 



MECHANICAL 



MODEL 


3508J 1 




TYPICAL 


GUARANTEED 


OPEN-LOOP GAIN, DC 






No Load 


106dB 




2kQ Load 


103dB 


98dB 


RATED OUTPUT 






Voltage 


±12V 


±10V 


Current 


±18mA 


±10mA 


DYNAMIC RESPONSE 






Gam-Bandwidth Product (Acl = 10) 


100MHz 




Full Power Bandwidth 


600kHz 


320kHz 


Slew Rate 


35V//usec 


20V//isec 


Rise Time (10-90%, small signal) 


17nsec 


45nsec 


INPUT OFFSET VOLTAGE 






Initial (without adjust) at +25''C 


±3mV 


±5mV 


Over Temperature 




±7mV 


(avg. OX to +70°C) 


±30//V/X 




vs Supply Voltage 


±30//V/V 


±200//V/V 


vs Time 


±50/iV/mo 




INPUT BIAS CURRENT 






Initial at +25*»C 


±15nA 


±25nA 


Over Temperature 




±40nA 


(avg. 0°C to +70»C) 


±0.5nA/X 




INPUT DIFFERENCE CURRENT 






Initial at +25°C 


±5nA 


±26nA 


Over Temperature 




±40nA 


(avg. OX to +70X) 


±0.2nA/X 




INPUT IMPEDANCE 






Differential 


300MO II 3pF 


40MQ 


Common-Mode 


lOOOMfi II 3pF 




INPUT VOLTAGE RANGE 






Common-Mode (linear operation) 


±13V 


±11V 


Differential-Mode (between inputs) 




±12V 


Absolute Max (either input) 




± Supply 


Common-Mode Rejection 


lOOdB 


74dB 


POWER SUPPLY 






Rated Voltage 




±15VDC 


Voltage Range, derated 


±8V to ±22V 




Current, quiescent 


±3mA 


±4mA 


TEMPERATURE RANGE 






Specification 




OX to +70X 


Operating 




-25°C to +85X 


Storage 




-65X to +150X 



TO-99 PACKAGE 




NOTE: 

Leads in true position within 0.10" 

(0.25mm) R at MMC at seating plane. 

Pin numbers shown for reference only. 
Numbers mciy not be marked on package. 



DIM 


INCHES 


MiaiMETERS 1 


MIN 


MAX 


MIN 


MAX 


A 


.338 


.370 


8.61 


9.40 


B 


.306 


.336 


7.76 


8.61 


c 


.166 


.186 


4.19 . 


4.70 


O 


.016 


.021 


0.41 


0.63 


E 


.010 


.040 


0.26 


1.02 


F 


.010 


.040 


0.26 


1.02 


G 


.200 BASIC 


6.08 BASIC . 1 


H 


.026 


.034 


0.71 


0.86 


J 


.029 


.046 


0.74 


1.14 


K 


.600 





12.7 





L 


.110 


.160 


2.79 


4.06 


M 


45*> BASIC 


46* BASIC 


N 


.006 .106 


2.41 2.67 
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3550SERIES 



Fast-Settling FET 
OPERATIONAL AMPLIFIERS 



DESCRIPTION 

The 3550 is specifically designed for fast transient 
applications such as D/A and A/D conversion, 
sample/ hold, multiplexer buffering and pulse 
amplification where the primary amplifier 
requirements are fast settling, good accuracy, and 
high input impedance. 

Because the 3550 is internally compensated, 
elaborate compensation schemes requiring external 
components are not necessary. The smooth 
6dB/ octave roUoff of open-loop gain and the low 
output impedance provides the excellent step 
response and smooth settling without sacrificing 
frequency stability (no oscillations even with lOOOpF 
ofcapacitiveload)! A 10 to I improvement m settling 
time with large capacitive loads can be obtained with 
the addition of a single capacitor. 

Unlike many wideband and fast settling amplifiers 
the 3550 has a true differential input. This means it 
can provide its excellent transient performance in the 
inverting, non-inverting, current to voltage, and 
difference configurations. 

The 3550J and S have identical specifications except 
for temperature range: The 3550J is specified for 0"C 
to +70^ and the 3550S is specified for -55"C to 
+125*'C. The 3550K has improved dynamic 
specifications and is specified over the 0°C to +70"C 
temperature range. 
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FEATURES 

• SETTLING TIME (0.01%). BOOnsec, max 

• TRUE DIFFERENTIAL INPUT 

• SLEW RATE. 100V//isec, min 

• FULL POWER, 1.5MHz. min 

• INPUT IMPEDANCE. 10"^ 

• INTERNALLY COMPENSATED 

• STABLE OPERATION. lOOOpF. typ 
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SPECIFICATIONS 



ELECTRICAL 

Specifications typical at +25° C and ±15VDC Power Supply unless otherwise noted. 



MODELS 


3550J 


3550K 


3550S 


OPEN LOOP GAIN. DC 






No load 


lOOdB 




1kQ, load min 


88dB 




RATED OUTPUT 






Voltage, min 


±10V 




Current, mm 


±10mA 




Open-loop Output Resistance 


lOOOatlMHz 




DYNAMIC RESPONSE 








Bandwidth (OdB, small signal) 


10MHz 


20MHz 


10MHz 


Full Power Response, min 


1.0MHz 


15MHz 


1.0MHz 


Slew Rate, mm 


65V//isec 


lOOVZ/isec 


65V///sec 


Settling Time (0 01%), max 


lA/sec 


0.6/isec 


1//sec 


INPUT OFFSET VOLTAGE 






Initial Offset, -f-25*C, max 


±1mV 




vs Temperature 


±bOnMrC 




vs Supply Voltage 


±500//V/V 




vs Time 


±100/iV/mo 




INPUT BIAS CURRENT 






InitialBias, +25°C. max 


-lOOpA (after full warm- 


up) 


vs Temperature 


doubles every 10° C 




vs Supply Voltage 


±1pA/V 




INPUT DIFFERENCE CURRENT 






Initial Difference, +25''C 


±40pA 




INPUT IMPEDANCE 






Differential 


10"O II 3pF 




Common Mode 


10"O II 3pF 




INPUT NOISE 






Voltage, 0.01Hz- 10Hz, p-p 


20A/V 




10Hz - 10kHz. rms 


4a/V 




Current, 0.01Hz - 10Hz, p-p 


2pA 




10Hz - 10kHz, rms 


1.5pA 




INPUT VOLTAGE RANGE 






Common-Mode Voltage 


±(|Vccl -5)V 




Common-Mode Rejection 


70dB at +5V. -10V 




Safe Input Voltage, max 


±Supply 




POWER SUPPLY 






Rated Voltage 


±15VDC 




Voltage Range, derated 


±5VDC to ±20VDC 




Current, quiescent"' 


11mA 




TEMPERATURE RANGE 






Specification 


0°Cto+70°C 


-55°Cto+125°C 


Operating 


-55°Cto+125°C 


-55°Cto+125»C 


Storage 


-65°Cto+150°C 





MECHANICAL 



NOTES- 

1 The use of a finned heat sink is recommended. 
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DIM 


INfHES 


MILLIMETERS 




MIN 


MAy. 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


C 


165 


185 


4 19 


4 70 


D 


016 


021 


041 


53 


E 


010 


040 


25 


1 02 


F 


010 


040 


25 


1 02 


G 


200 BASIC 


5 08 BASIC 


H 


028 


034 


071 


86 


J 


029 


045 


74 


1 14 


K 


500 




12 7 




U 


110 


160 


2 79 


4 06 


M 


45° BASIC 


45° BASIC 


N 


095 1 1 05 


2 41 1 2 67 
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TYPICAL PERFORMANCE CURVES 

Ta - +25»C ±Vcc = 15VDC unless otherwise indicated. 



SETTLING TIME VS 
CAPACITIVE LOAD 
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OUTPUT VOLTAGE CHANGE 
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COMMON MODE REJECTION 
VS FREQUENCY 



COMMON MODE REJECTION 
VS SUPPLY VOLTAGE 
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OUTPUT VOLTAGE 
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APPLICATIONS 

SETTLING TIME 

Settling time of an amplifier is defined (see Figure 1) as 
the total time required, after an input step signal, for the 
output to "settle** within a specified error band around 
the final value. This error band is expressed as a 
percentage of the magnitude of the step transition. A 
recommended test circuit for settling time is shown in 
Figure 2. The output error signal appears, attenuated by 
a factor of two, at point A and may be observed atthiis 
point with the aid of an oscilloscope. The diodes act as 
limiters to prevent overloading the oscilloscope during 
the fast leading edge of the input signal. All resistors 
should be 2kn or less to eliminate degradation of 
performance due to stray capacitance. A typical mea- 
surement desired is the settling time to 0.01% for a 
10-volt step input. This is the time required for the signal 
at point A to decrease to 0.5mV or less and remain below 
this level. 




SETTLING TIME 



FIGURE 1. Concept of Settling Time. 

Settling time for noninverting circuits can also be 
measured but requires the use of ultra-fast differential 
amplifier test fixtures. For the 3550 settling time is equal 
for inverting or noninverting circuits of equal gain. 




FIGURE 2. Settling Time Test Circuit. 

Because settling time is affected by bandwidth which in 
turn is dependent upon closed-loop gain, the settling 
time of any operational amplifier will be a function of 
closed loop gain. Settling Time versus Gain curves 
illustrate this effect for the 3550 at several levels of 
settling accuracy. 

The 3550 is remarkably tolerant of load capacitance 
because of its stable, 6dB/ octave gain roUoff and low 
output impedance. Settling Time versus Load Capaci- 
tance curves show this characteristic for the unity-gain 
configuration. For larger values of load capacitance the 
compensation technique of Figure 3 may be used to 
optimize the response. The slight negative feedback 
provided by Cc tends to reduce any ringing at the top of 



the output voltage waveform without significantly 
affecting the slew rate. See the Settling Time versus Load 
Capacitance curves for typcial improvements in settling 
time. 




1 



(LOAD 
CAPACITANCE) 



FIGURE 3. Compensation for Load Capacitance. 

WIRING RECOMMENDATIONS 

In order to fully realize the high frequency performance 
capabilities of the 3550, proper attention must be given 
to layout, component selection and grounding. All leads 
associated with the input and feedback elements should 
be as short as possible and all connections should be 
made as close to the amplifier terminals as possible. 
Input and feedback resistors should be made as small as 
possible consistent with other circuit constraints. 
Capacitance from the ouput to noninverting input can 
cause high frequency oscillations, particularly in high 
gain circuits operating from large source impedance. 
Careful layout of wiring or PC board patterns is the only 
satisfactory way of preventing such problems. 
In order to prevent high frequency oscillations due to 
lead inductance the power supply leads should be 
bypassed. This should be done by connecting a lO/uF 
tantalum capacitor in parallel with a O.OOl/itF ceramic 
capacitor from pins 7 and 4 to the power supply 
common. 

INPUT AND OUTPUT VOLTAGE RANGE 

Although the 3550 is specified for best operation on 
power supply voltage of ±15VDC, it will operate with 
minor performance changes over a power supply voltage 
range of ±5 VDC to ±20VDC. Many of the curves show 
performance of the 3550 when operated from supplies 
other than ±15VDC. 
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3551 SERIES 
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Wideband and Fast-Settling FET 
OPERATIONAL AMPLIFIERS 
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FEATURES 

• REDUCES WIDEBAND ERRORS 

50IVIHZ Gain-bandwidth product |ACL>10) 
250V/PS slew rate (Cf = 0| 

• VERSATILE 

Single compensation capacitor allows 
optimum response 
True differential input 

• PRESERVES DC ACCURACY 

Bias current, lOOpA, max 
Laser-trimmed offset voltage 



DESCRIPTION 

The 3551 is designed to offer the user versatiHty in 
wideband steady state and fast transient 
applications. The use of a single external 
compensation capacitor allows the user to optimize 
frequency response for maximum bandwidth for a 
variety of closed loop gains and capacitive loads. 
The amplifier is stable at closed loop gains of greater 
than lOV/V, with no external compensation and 
may be stabilized at all gains with the single lOpF 
compensation capacitor. 

In addition to the excellent dynamic response 
characteristics, the 3551 also has good DC 
properties. The use of a monolithic FET input stage 
gives the 355 1 very low input bias and offset currents. 




This is in contrast to the high input currents usually 
associated with fast amplifiers having bipolar input 
stages. Also, the input offset voltage and offset 
voltage drift are low as a result of Burr-Brown's laser- 
trimming techniques. 

Unlike many wideband and fast settling amplifiers, 
the 3551 has a true differential input. This means it 
can provide its excellent wideband response in the 
inverting, noninverting, current-to-voltage and 
difference configurations. 

The 355 1 is an excellent choice for applications such 
as fast D/A and A/D converters, high speed 
comparators and fast sampling circuits, to name just 
a few. 
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SPECIFICATIONS 



ELECTRICAL 

Specifications typical at 25°C and IISVDC Power Supply unless otherwise noted 



MODELS 1 3551J | 3551S 


OPEN LOOP GAIN, DC 


No Load 
Ikfl, Load mm 


lOOdB 
88dB 


RATED OUTPUT | 


Voltage, mm 
Current, mm 
Open Loop Output Resistance 


±10V 

±10mA 

lOOllat 1MHz 


DYNAMIC RESPONSE | 


Gain-Bandwidth Product 

Gam = 1000 

Gam = 10 
Slew Rate (Ct = Oi 


50MHz 

50MHz 

250V/MSec 


INPUT OFFSET VOLTAGE I 


Initial Offset, 25°C, max 
vs Temp(i) 
vs Supply Voltage 
vs Time 


±1mV 
±50mV/°C 
±500a.V/V 
±100MV/mo 


INPUT BIAS CURRENT | 


Initial Bias, 25°C, max 
vs Temperature 
vs Supply Voltage 


-400pA (after full warm-up i 

doubles every 10°C 

±1pA/V 


INPUT DIFFERENCE CURRENT 


Initial Difference, 25°C | ±40pA 


INPUT IMPEDANCE 


Differential 
Common-mode 


lOiin II 3pF 
10iin II 3pF 


INPUT NOISE 1 


Voltage, 01Hz to 10Hz, p-p 
Voltage. 10Hz to 10kHz, rms 
Current, 01Hz to 10Hz, p-p 
Current, 10Hz to 10kHz, rms 


20mV 
4mV 
2pA 
1.5pA 


INPUT VOLTAGE RANGE | 


Common-mode Voltage 
Common-mode Rejection 
Max Safe Input Voltage 


±(|Vcc|-5iV 

70dB at +5V, -10V 

iSupply 


POWER SUPPLY 1 


Rated Voltage 
Voltage Range, derated 
Current, quiescent(i) 


±15VDC 
+5VDC to ±20VDC 
11mA (15mA max) 


TEMPERATURE RANGE | 


Specification 

Operating 

Storage 


0°C to +70«C -55°C to +125°C 

-55°C to +125°C -55°C to +125°C 

-65°C to +150°C 



MECHANICAL TO-99 




m 010 



DIM 


INCHES 


MILLIMETERS ] 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 . 


8 51 


C 


165 


185 


4 19 


4 70 


D 


016 


021 


041 


53 


E 


010 


040 


0.25 


1 02 


F 


010 


040 


25 


1 02 


G 


200 BASIC , 


5 08 BASIC 1 


H 


028 . 


034 


071 


86 


J 


029 


045 


74 


1 14 


K 


500 


_ 


12 7 




L 


110 


160 


2 79 


4 06 


M 


45° BASIC 


45° BASIC 


N 


095 1 105 


.4, 1 .e. 



Pin nnaterial and plating composition 
conform to method 2003 (solderability) 
of Mil-Std-883 [except paragraph 3.2] 



NOTE 

1 The use of a finned heat sink is recommended 



CONNECTION DIAGRAM 

^-Ht-,--. 

TABpkJ Frequency I 
[ 8 h">N^Compensation| 




to +Vcc 
The case is electrically isolated 
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TYPICAL PERFORMANCE CURVES 
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Ta = 250c Vg = ±15 VDC unless otherwise indicated. 
RECOMMENDED VALUES OF FREQUENCY 
COMPENSATION CAPACITANCE 
vs. CLOSED LOOP GAIN 
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SETTLING TIME vs. 
CLOSED LOOP GAIN 



10 



I- 

c 

'% 1 

V 
(0 



1 1 


Ji 


Cf = 101: 


•= .0,. 


> 

^ 


^ 




1/ 


^1% 




=^ 









10 100 1000 

Closed Loop Gam (V/V) 



LARGE SIGNAL VOLTAGE 
FOLLOWER PULSE RESPONSE 



+ 10 - 


r" 
ft./ 








——Output 
-— Input 

1 1 1 




/ 








\ 


'f = 


Of 


F 


10 J 


/ 








1, 


\ 
















L 


V 







100 200 300 400 

Time (nsec) 



OUTPUT VOLTAGE 
vs. FREQUENCY 
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COMMON-MODE REJECTION 
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QUIESCENT CURRENT 
vs. SUPPLY VOLTAGE 
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APPLICATIONS 



WIRING RECOMMENDATIONS 

In order to fully realize the high frequency performance 
capabilities of the 3551, proper attention must be given to 
layout, component selection and grounding. All leads associ- 
ated with the input and feedback elements should be as short 
as possible and all connections should be made as close to the 
amplifier terminals as possible. Input and feedback resistors 
should be made as small as possible consistent with other 
circuit constraints. Capacitance from the output to non- 
inverting input can cause high frequency oscillations, parti- 
cularly in high gain circuits operating from large source im- 
pedances. Careful layout of wiring or PC board patterns is 
the only satisfactory way of preventing such problems. 



^[X 




*-Vcc 



I— 



vcc 



Com -15 +15 
POWER SUPPLY 



(a) Inverting Circuits 



I VA- 



+ VCC 




Com -15 +15 
POWER SUPPLY 



(b) Non-Inverting Circuits 



FIGURE 1. Proper Grounding Methods. 

Provision for phase compensation should always be 
made on the PC board even if initial calculations and 



bread boarding may indicate that none is needed. 

In order to prevent high frequency oscillations due to lead 
inductance the power supply leads should be bypassed. This 
should be done by connecting a 10 juf tantalum capacitor 
in parallel with a 0.001 juf ceramic capacitor from pins 7 and 
4 to the power supply common. 

INPUT AND OUTPUT VOLTAGE RANGE 

Although the 3551 is specified for best operation on power 
supply voltage of ±15 VDC, it will operate with minor per- 
formance changes over a power supply voltage range of 
+5 VDC to ±20 VDC. Many of the performance curves show 
performance of the 3551 when operated from supplies other 
than +15 VDC. 

INPUT/OUTPUT PROTECTION 

All of the ampHfiers listed in the specification table are de- 
signed to withstand input voltages as high as the supply 
voltage, without damage to the amplifier. Thus, inputs may 
be subjected to either supply voltage, in any combination, 
without damage. 

Output stages are internally current limited and will with- 
stand short-circuit-to-ground conditions. However, applica- 
tion of nonzero potential to the output pin may cause per- 
manent damage and should be prevented by the proper pre- 
cautions. 

SETTLING TIME 

Settling time of an amplifier is defined as the total time re- 
quired, after an input step signal, for the output to "settle" 
within a specified error band around the final value. This 
error band is expressed as a percentage of the magnitude of 
the step transition. 

Because settling time is affected by bandwidth which in turn 
is dependent upon closed loop gain, the settling time of any 
operational amplifier will be a function of closed loop gain. 
Settling time vs. gain curves illustrate this effect for the 
3551 at several levels of settling accuracy. 
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3553 



Wideband - Fast-Slewing 
BUFFER AMPLIFIER 



FEATURES 

• GAIN = .99V/V 

• OUTPUT CURRENT. ±200mA 

• BANDWIDTH, SOOMHz 

• SLEW RATE, 2000V/Msec 

• ELECTRICALLY ISOLATED CASE 

• EXTENDS OP AMP DRIVING CAPABILITY WHILE 
PRESERVING BANDWIDTH & SETTLING TIME 

DESCRIPTION 

The 3553 is a unity-gain amplifier designed to be used 
either as a signal buffer, or as the power output stage 
for an operational amplifier. Because of its wideband 
response (300MHz, -3dB bandwidth) and fast 
slewing capability (2000V /jusec) the 3553 is capable 
of following very fast signals. When used inside the 
feedback loop of an operational amplifier, theSe high 
speed characteristics are essential in order to preserve 
the performance and stability of the feedback 
amplifier circuit. 

With its ±200mA of output current capability, the 
3553 is capable of driving a signal of ±10V into a 50n 
load. This power capability, coupled with its 
extremely high speed and wide bandwidth, makes the 
3553 ideally suited for line driving applications where 
fast pulses or wideband signals are involved. 
In addition to its fast /wideband characteristics and 
high output current, the 3553 has low input offset 
voltage and drift. This adds to its versatility, 
particularly in stand-alone buffer amplifier 
applications. 

The 3553 is packaged in a reliable hermetically sealed 
TO-3 package for environmental ruggedness. The 
metal case is completely electrically isolated. This 
simplifies mounting and reduces cost since the need 
for insulating spacers and bushings is eliminated. 
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SPECIFICATIONS 



Specifications are typical at +2S°C Case Temperature and ± 15 VDC power supply 
unless otherwise notied. 



ELECTRICAL 


MODEL 


3553AM 


GAIN, DC 

No Load 

50 n Load, min 


0.98 V/V 
0.92 V/V 


RATED OUTPUT 

Voltage, min 
Current, min 
Output Resistance 


±10 V 
±200 mA 
1 n 


DYNAMIC RESPONSE 

Slew Rate, min 
Full Power Bandwidth, min 
Small Signal -3dB Bandwidth 
Settling Time to 1% 
to .01% 


2000 V/jusec 
32 MHz 
300 MHz 
7.2 nsec 
14.5 nsec 


INPUT PARAMETERS 

Input Voltage, linear range 
Input Voltage, absolute, max 
Input Impedance 
Input Bias Current @ +25°C 
(doubles/+10°C) 


±10 V 

±Supply Voltage 
lOH n 
-200 pA 


OUTPUT OFFSET VOLTAGE 

Initial Offset @ +25OC, max 

vs. Temperature (average) -25°C to +8S®C 


±50 mV 
±300jLxV/<^C 


POWER SUPPLY 

Rated Voltage 
Voltage Range, derated 
Current, Quiescent, max 
typ 


±15 VDC 

±5 VDC to ±20 VDC 

±80 mA 

±50 mA 


TEMPERATURE RANGE (Case) 
Specification 

Operation (derate above +120°C Case) 
Storage 

djQ Thermal Resistance, junction to case 
dj^ Thermal Resistance, junction to ambient 


-250cto+85<*C 

-550Cto +125»C 

-65Octo+150°C 

6OC/W 

33OC/W 



MECHANICAL 

M PACKAGE (TO-3) 



2.54 


^ , 39.62mm ^ 


(0.4UU 


mm 

(0.1 00") 


(1.56") max 


♦ 


1 


i I 


♦ 






t 


II II II 10.16mm A 
11 U II (0.4") mm T 



1.01mm I ♦ 

0.040")dia'^''*" 



12.7mm (.500")clia 
pin circle 




3.96 ±0.1 3mm 
(0.156 ±0.005")dia 



30.15 ±0.26 mm 
(1.187 ±0.01") 



Pin material and plating composition 
conform to Method 2003 (solderability) 
of Mil-Std-883 [except paragraph 3.2] 




CONNECTION DIAGRAM 



Output 




No mternal connection 
CONNECTOR- 0803MC 
HEATSINKS: 0803HS 12°C/W 
0804HS 4.2°C/W 
0805HS 3°C/W 



Burr-Brown IC Data Book 



2-226 



Vol 33 



TYPICAL PERFORMANCE CURVES 

Typical at 25 ^C and rated supply voltage unless otherwise noted. 
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APPLICATION INFORMATION 



BOOSTER AMPLIFIER 

One of the primary applications for the 3553 is that of a 
current booster for an operational amplifier. The circuit 
of Figure 1 is typical of such applications. Note that the 
3553 is used inside the feedback loop and becomes, effec- 
tively, the output stage of the composite amplifier. Be- 
cause the 3553 has unity voltage gain, wideband response, 
fast slewing rate, and very little phase delay, the dynamic 
response of the operational amplifier is virtually unaffected 
by the addition of the booster. 



The already low offset voltage of the 3553 is effectively 
reduced by a factor equal to the open loop gain of the 
operational amplifier and becomes a negligible factor in 
total offset error of the circuit. 

Input impedance of the 3553 is extremely high, thus requir- 
ing almost no drive current from the operational amplifier. 
On the other hand, the presence of the 3553 in the circuit 
increases the output current capability to ±200 mA, drasti- 
cally lowers the output impedance of the loop, and permits 
the driving of low impedance loads such as a terminated 50fi 
coaxial line. 



CO 

cc 

LU 
LL 

CL 



< 
Z 

o 

< 
CC 
UJ 
0. 

o 



Capacitive loads, often a source of instability and oscillations 
in operational amplifier circuits, are buffered .by the pre- 
sence of the 3553. In driving heavily capacitive loads the 
slew rate of the 3553 will be seen to decrease. This is due 
simply to the large currents required by fast voltage slewing 
in a capacitive load, ,^ 

*c ~ ^load "JJ" " 
The internal current limit of the 3553 (approximately 
600 mA) places a limit on the slewing rate under such 
conditions. 



-V/v— t 



-V/r- 



■§ 



up Mmp ■ 'F 



Compbsite Amplifier 



FIGURE 1 . Model 3553 as a power booster. 
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BUFFER AMPLIFIER 

The 3553 may also be used, as shown in Figure 2, as a 
unity gain buffer amplifier. No operational amplifier is 
required in this mode of operation. Since the 3553 is then 
operated without feedback, it's offset voltage and drift 
are translated to the output. While the gain is not 
precisely unity in this mode, the accuracy is adequate for 
many applications. 

INPUT/ OUTPUT PROTECTION 

The output stage of the 3553 is current limited at 
approximately 600mA. This will provide a measure of 
output short circuit protection for the amplifier for a 
period of time as determined by the heatsinking used, the 
amplifier's thermal resistance, the ambient temperature, 
etc. The amplifier's output stage transistors should not be 
allowed to exceed 150°C (175°C absolute max). 
The input stage is designed to allow the application of 
either supply voltage without damage to the amplifier. 



POWER DISSIPATION 

The power dissipation capability of the 3553 varies with 
ambient temperature and with the type of h^t sink used. 
A heat sink may be used to increase the dissipation 
capability or to achieve a given dissipation capability at 
higher temperature. The power derating curve is given in 
the Typical Performance Curves. 

WIRING RECOMMENDATIONS 

No special wiring techniques are necessary with the 3553. 
However, it is recommended, as a good engineering 
practice, that the power supply lines be bypassed to 
common at a point near the amplifier. (A l.O/uF 
electrolytic in parallel with a lOOOpF ceramic is 
recommended.) If the 3553 is used with a wideband 
operational amplifier, all leads must be kept as short as 
possible to minimize stray capacitance and unwanted 
feedback paths. 




Load ^ OUT 



FIGURE 2. Model 3553 as a Unity Gain Buffer. 
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FEATURES 

•SLEW RATE. lOOOVusec 

• FAST SETTLING. ISOnsec. max (to ±.05%) 

• GAIN-BANDWIDTH PRODUCT. 1.7GHz 

• FULL DIFFERENTIAL INPUT 

DESCRIPTION 

The 3S54 is a full differential input, wideband 
operational amplifier. It is designed specifically for 
the amplification or conditioning of wideband data 
signals and fast pulses. It features an unbeatable 
combination of gain-bandwidth product, settling 
time and slew rate. It uses hybrid construction. On 
the beryllia substrate are matched input FETs, thin- 
film resistors and high speed silicon dice. Active laser 
trimming and complete testing provide superior 
performance at a very moderate price. 
The 3554 has a slew rate of IOOOV/mscc and will 
output ±10V and ± 100mA. When used as a fast 



APPLICATIONS 

• PULSE AMPLIFIERS 

• TEST EQUIPMENT 

• WAVEFORM GENERATORS 

• FAST D/A CONVERTERS 

settling amplifier, the 3554 will settle to ±0.05% of 
the final value within 150nsec. A single external 
compensation capacitor allows the user to optimize 
the bandwidth, slew rate or settling time in the 
particular application. 

The 3554 is reliable and rugged and addresses almost 
any application when speed and bandwidth are 
serious considerations. It is particularly a good 
choice for use in fast settling circuits, fast D/A 
converters, multiplexer buffers, comparators, 
waveform generators, integrators, and fast current 
amplifiers. It is available in several grades to allow 
selection of just the performance required. 
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TYPICAL CIRCUITS 
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Error 
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HP 5082-2811 
Hot Carrier Diodes 




» cc ' cc 
Settling Time Test Circuit Schematic 



View ffpm Component Side. 

Shaded area is the pattern side conductor. 



Common- 




•Output 



Settling Time Test Circuit Layout 



NOTES: 

1. These circuits are optimized for driving large capacitive loads (to 470pF). 

2. The 3554 is stable at gains of greater than 55 (C^ < lOOpF) without any frequency compensation. 

3. 45nsec is optimum. Very fast rise times (10-20nsec) may saturate the input stage causing less than 
optimum settling time performance. 

* Indicates component that may be eliminated when large capacitive loads are not being driven by the device. 
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ELECTRICAL SPECIFICATIONS 



-- 25"C and ±15VDC, unless otherwise noted 
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" Specifications same as for 3554AM 
»♦ Doubles every +I0'C 
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TYPICAL PERFORMANCE CURVES 



at Tp = +25°C and tlSVDC unless otherwise noted. 
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AMPLIFIER CONNECTIONS 
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APPLICATIONS INFORMATION 



WIRING PRECAUTIONS 

The 3554 is a wideband, high frequency operational 
amplifier that has a gain-bandwidth product exceeding 1 
Gigahertz. The full performance capability of this 
amplifier will be realized by observing a few wiring 
precautions and high frequency techniques. 

Of all the wiring precautions, grounding is the most 
important and is described in an individual section. The 
mechanical circuit layout also is very important. All 
circuit element leads should be as short as possible. All 
printed circuit board conductors should be wide to 
provide low resistance, low inductance connections and 
should be as short as possible. In general, the entire 
physical circuit should be as small as practical. Stray 
capacitances should be minimized especially at high 
impedance nodes such as the input terminals of the 
amplifier. Pin 5, the inverting input, is especially sensitive 
and all associated connections must be short. Stray signal 
coupling from the output to the input or to pin 8 should 
be minimized. A recommended printed circuit board 
layout is shown with the "Typical Circuits." It also may 
be used for test purposes as described below. 

When designing high frequency circuits low resistor 
values should be used; resistor values less than 5.6kn are 
recommended. This practice will give the best circuit 
performance as the time constants formed with the circuit 
capacitances will not limit the performance of the 
amplifier. 



GROUNDING 

As with all high frequency circuits a ground plane and 
good grounding techniques should be used. The ground 
plane should connect all areas of the pattern side of the 
printed circuit board that are not otherwise used. The 
ground plane provides a low resistance, low inductance 
common return path for all signal and power returns. The 
ground plane also reduces stray signal pick up. An 
example of an adequate ground plane and good high 
frequency techniques is the Settling Time Test Circuit 
Layout shown with the "Typical Circuits.'* 

Each power supply lead should be bypassed to ground as 
near as possible to the amplifier pins. A combination of a 
1/xF tantalum capacitor in parallel with a 470pF ceramic 
capacitor is a suitable bypass. 

In inverting applications it is recommended that pin 6, 
the noninverting input, be grounded rather than being 
connected to a bias current compensating resistor. This 
assures a good signal ground at the noninverting input. 
A slight offset error will result; however, because the 
resistor values normally used in high frequency circuits 
are small and the bias current is small, the offset error will 
be minimal. 



If point-to-point wiring is used or a ground plane is not, 
single point grounding should be used. The input signal 
return and the load signal return and the power supply 
common should all be connected at the same physical 
point. This will eliminate any common current paths or 
ground loops which could cause signal modulation or 
unwanted feedt)ack. 

It is recommended that the case of the 3554 not be 
grounded during use (it may, if desired). A grounded case 
will add a slight capacitance to each pin. To an already 
functional circuit, grounding the case will probably 
require slight compensation readjustment and the 
compensation capacitor values will be slightly different 
from those recommended in the typical performance 
curves. There is no internal connection to the case. 
Proper grounding is the single most important aspect of 
high frequency circuitry. 

GUARDING 

The input terminals of the 3554 may be surrounded by a 
guard ring to divert leakage currents from the input 
terminals. This technique is particularly important in low 
bias current and high input impedance applications. The 
guard, a conductive path that completely surrounds the 
two amplifier inputs, should be connected to a low 
impedance point which is at the input signal potential. It 
blocks unwanted printed circuit board leakage currents 
from reaching the input terminals. The guard also will 
reduce stray signal coupling to the input. 
In high frequency applications guarding may not be 
desirable as it increases the input capacitance and can 
degrade performance. The effects of input capacitance, 
however, can be compensated by a small capacitor placed 
across the feedback resistor. This is described further in 
the following section. 



COMPENSATION 

The 3554 uses external frequency compensation so that 
the user may optimize the bandwidth or slew rate or 
settling time for his particular application. Several typical 
performance curves are provided to aid in the selection of 
the correct compensation capacitance value. In addition 
several typical circuits show recommended compensation 
in different applications. 

The primary compensation capacitor, Cf, is connected 
between pins 1 and 3. As the performance curves show, 
larger closed-loop gain configurations require less 
capacitance and an improved gain-bandwidth product 
will be realized. Note that no compensation capacitor is 
required for closed-loop gains above 55V /V and when 
the load capacitance is less than lOOpF. 
When driving large capacitive loads, 470pF and greater. 
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an additional capacitor, Cg, is connected between pin 8 
and ground. This capacitor is typically lOOOpF. It is 
particularly necessary in low closed loop voltage gain 
configurations. The value may be varied to optimize 
performance and will depend upon the load capacitance 
value. In addition, the performance may be optimized by 
connecting a small resistance in series with the output and 
a small capacitor from pin 1 to 5. See the "Typical 
Circuits" for the XIO Inverter. 

The flat high frequency response of the 3554 may be 
preserved and any high frequency peaking avoided by 
connecting a small capacitor in parallel with the feedback 
resistor. This capacitor will compensate for the closed- 
loop, high frequency, transfer function zero that results 
from the time constant formed by the input capacitance 
of the amplifier, typically 2pF, and the input and 
feedback resistors. Using small resistor values will keep 
the break frequency of this zero sufficiently high, 
avoiding peaking and preserving the phase margin. 
Resistor values less than 5.6kn are recommended. The 
selected compensation capacitor may be a trimmer, a 
fixed capacitor or a planned PC board capacitance. The 
capacitance value is strongly dependent on circuit layout 
and closed-loop gain. It will typically be 2pF for a clean 
layout using low resistances (IkH) and up to lOpF for 
circuits using larger resistances. 



SETTLING TIME 

Settling time is truly a complete dynamic measure of the 
3554's total performance. It includes the slew rate time, a 
large signal dynamic parameter, and the time to 
accurately reach the final value, a small signal parameter 
that is a function of bandwidth and open loop-gain. The 
settling time may be optimized for the particular 
application by selection of the closed-loop gain and the 
compensation capacitance. The best settling time is 
observed in low closed-loop gain circuits. A performance 
curve shows the settling time to three different error 
bands. 

Settling time is defined as the total time required, from 
the signal input step, for the output to settle to within the 
specified error band around the final value. This error 
band is expressed as a percentage of the magnitude of the 
output transition. 



SLEW RATE 

Slew rate is primarily an output, large signal parameter. It 
has virtually no dependence upon the closed-loop gain or 
the bandwidth, per se. It is dependent upon 
compensation. Decreasing the compensation capacitor 
value will increase the available slew rate as shown in the 
performance curve. Stray capacitances may appear to the 
amplifier as compensation. To avoid limiting the slew 
rate performance, stray capacitances should be 
minimized. 



CAPACITIVE LOADS 

The 3554 will drive large capacitive loads (up to lOOOpF) 
when properly compensated. See the section on 
"Compensation.** The effect of a capacitive load is to 
decrease the phase margin of the amplifier. With 
compensation the amplifier will provide stable operation 
even with large capacitive loads. 
The 3554 is particularly well suited for driving 50n loads 
connected via coaxial cables due to its ± 100mA output 
drive capability. The capacitance of the coaxial cable, 
29pF/foot of length for RG-58, does not load the 
amplifier when the coaxial cable or transmission line is 
terminated in the characteristic impedance of the 
transmission line. 



OFFSET VOLTAGE ADJUSTMENT 

The offset voltage of the 3554 may be adjusted to zero by 
connecting a 20kn linear potentiometer between pins 4 
and 8 with the wiper connected to the positive supply. A 
small, noninductive potentiometer is recommended. The 
leads connecting the potentiometer to pins 4 and 8 should 
be extremely short to avoid stray capacitance and stray 
signal pickup. Stray coupling from the output, pin 1, to 
pin 4 (negative feedback) or to pin 8 (positive feedback) 
should be avoided or oscillation may occur. 

The potentiometer is optional and may be omitted when 
the guaranteed offset voltage is considered sufficiently 
low for the particular application. 

For each microvolt of offset voltage adjusted, the offset 
voltage temperature drift will change by ±0.004/liV/°C. 



HEAT SINKING 

The 3554 does not require a heat- sink for operation in 
most environments. The use of a heat sink, however, will 
reduce the internal thermal rise and will result in cooler 
operating temperatures. At extreme temperature and 
under full load conditions a heat sink will be necessary as 
indicated in the "Maximum Power Dissipation** curve. A 
heat sink with 8 holes for the 8 amplifier pins should be 
used. Burr-Brown has heat sinks available in three sizes - 
3°C/ W, 4.2°C/ W and 12°C/W. A separate product data 
sheet is available upon request. 

When heat sinking the 3554, it is recommended that the 
heat sink be connected to the amplifier case and the 
combination not connected to the ground plane. For a 
single-sided printed circuit board, the heat sink may be 
mounted between the 3554 and the nonconductive side of 
the PC board, and insulating washers, etc., will not be 
required. The addition of a heat sink to an already 
functional circuit will probably require slight 
compensation readjustment for optimum performance 
due to the change in stray capacitances. The added stray 
capacitance from the heat sink to each pin will depend on 
the thickness and type of heat sink used. 
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SHORT CIRCUIT PROTECTION 

The 3554 is short circuit protected for continuous output 
shorts to common. Output shorts to either supply will 
destroy the device, even for momentary connections. 
Output shorts to other potential sources are not 
recommended as they may cause permanent damage. 



TESTING 

The 3554 may be tested in conventional operational 
amplifier test circuits; however, to realize the full 
performance capabilities of the 3554, the test fixture must 
not limit the full dynamic performance capability of the 



amplifier. High frequency techniques must be employed. 
The most critical dynamic test is for settling time. The 
3554 Settling Time Test Circuit Schematic and a test 
circuit layout is shown with the *Typical Circuits." The 
input pulse generator must have a flat topped, fast 
settling pulse to measure the true settling time of the 
amplifier. The layout exemplifies the high frequency 
considerations that must be observed. The layout also 
may be used as a guide for other test circuits. Good 
grounding, truly square drive signals, minimum stray 
coupling and small physical size are important. 

Every 3554 is thoroughly tested prior to shipment 
assuring the user that all parameters equal or exceed their 
specifications. 
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High Current — High Power 
OPERATIONAL AiVJPLiFIERS 



FEATURES 

• HIGH CURRENT 

Up to 5A Peak, 2A Continuous 

• EASY TO USE 

Adjustable Current Limits 
Electrically Isolated Case 
Small Size — 8-Pin TO-3 Package 

• HIGH VOLTAGE 

Up to IQM p-p Output 



• SELF-PROTECTED 

Self-Contained Automatic Tliermal 
Sensing and Stiutdown 

• HIGH POWER 

Delivers up to 70W to Load 
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DESCRIPTION 



Ihe 357 1 AM and 3572AM are high output current 
integrated circuit operational amplifiers. Their per- 
formance, ease of use and compact size make then;i Ideal 
to use in a variety of high current applications. Jhey are 
especially well suited for driving permanent magnet DC 
servo and torque motors. 

The equivalent circuit for the 3571AM and 3572AM is 
shown in Figure I. The design uses a monolithic FET 
input stage for high input impedance, low bias current, 
and low voltage drift versus temperature:: The high input 
impedance provides negligible source impedance loading 
errors when the noninverting circuit configuration is 
used. The low bias currents minimize offset errors when 
large values of source and feedback resistors are used. 

The input offset voltage at 25"C and the input offset 
voltage drift versus temperature are compensated by 
state-of-the-art laser trimming techniques. The offset 
voltage is low enough so that trimming will not be 
required in most applications. The excellent input char- 
acteristics and the high gain available mean that the use 
of a preamplifier, sometimes required with other servo 
type amplifiers, will not be necessary with the 3571AM 
and 3572AM. 

The output stage is a class AB design which provides low 
distortion and minimizes quiescent current drain. The 
output circuitry provides for external current limiting 
resistors for both positive and negative output currents. 
This allows the user to select the current limit value suited 
to his particular application. This is especially desirable 
for driving permanent magnet motors where the high 
current seen during direction reversal (plugging) can 
demagnetize the motor. 

The 357 1AM and 3572AM have been designed to operate 
over a relatively wide supply range (± ! 5 V DC to ±40 V DC) 
while still maintaining the high output current capability. 
This allows the user a wide range for the selection of the 
proper output voltage and current and makes the ampli- 



fiers useful for many different types of loads. 

The output circuit has a unique protection feature which 
is practical only in integrated circuit amplifiers - self- 
contained automatic thermal-sensing and shut-off cir- 
cuitry which automatically turns the amplifier off when 
the internal temperature reaches approximately 150"C. 
This is accomplished by sensing the substrate temperature 
and deactivating the amplifiers biasing network when the 
temperature reaches 150''C. As this happens, the output 
load current limits at a safe value and the amplifier's 
quiescent current decreases. The output current may 
remain at a low value or oscillate between two values 
depending on the amount of power being dissipated and 
the heat sink conditions seen by the amplifier. In either 
case, the amplifier will not sustain internal damage and 
will return to normal operation within a few seconds after 
the abnormal load condition is removed. 
Internal thermal protection removes some of the con- 
straints of power derating for abnormal operating condi- 
tions. The amplifier will protect itself for many conditions 
of excess power dissipation (see Power Derating Curve). 
This allows the use pf a smaller heat sink to protect 
against abnorrn^l output conditions since the amplifier 
has its own internal protection for many conditions of 
excess power dissipation. The output constraints of the 
Safe Operating Area Curves must still be observed. 
The 3571AM and 3572AM have several other features 
that improve their utility. For instance, the metal case of 
the units is completely electrically isolated. (This can be 
contrasted to most power semiconductors where the case 
is connected to the collector of the device.) This simplifies 
mounting and reduces cost because the need for insulating 
spacers and bushings is eliminated. The hermetically 
sealed package improves reliability and will withstand 
severe environments better than discrete component 
amplifiers. The small package size makes mounting more 
convenient. 




FIGURE 1. Equivalent Circuit 
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SPECIFICATIONS 



ELECTRICAL 

Typical at Tcme = 25°C and ±Vcc = ±35VDC max unless otherwise noted. 



MODELS 


1 3S71AM 1 3572AM | 


RATED OUTPUT (to load) I 


Power to Load 

Continuous, min(i) 

PMk. mind) 
Output Voltage, ±(l Vcc l-5)V 

Continuous, min(i) 

Peak, mind) 
Load Capacitance, min. Cc = 

Cc = lOOOpF 


30W 60W 
60 W 150W 

±30V at ±1A ±30V at ±2A 

±30V at 2A ±30A at 5A 

3300pF 

15mF 


DISSIPATION RATING | 


At 25«>C Case Temperature 
Derating Above 25oC 
Thermal Resistance, Case to Free Air 
Thermal Time Constant (no heat sink) 
Thermal Resistance, Junction to Case 


33W 1 SOW 

See Typical Performance Curves 

30«>C/W 

2 minutes 

2.5«C/W 


POWER SUPPLY 1 


Voltage, ±Vcc 
Quiescent Current, max 


±15VDCto±40VDC 
±35mA 


OPEN LOOP 1 


Gain mm, at Rioad = 30n (3572AM) 
Rioad = 60ft (3571AM) 
Output Impedance 


94dB 
2.5ft 


FREQUENCY RESPONSE | 


Unity Gain Bandwidth, Small Signal 
Full Power Bandwidth 
Slew Rate, Cc = 1000pF 


500kHz 

16kHz at Vpk = 30V 

3V/iusec 


INPUT OFFSET VOLTAGE I 


Initial at 25°C, max 

Drift vs Temp., max 

Drift vs. Supply Voltage 

Drift vs Time 

Drift vs. Power Dissipation (Tc constant) 


±2mV 
±40mV/°C 
±100a.V/V 
SO/LiV/mo 
20mV/W 


INPUT BIAS CURRENT | 


Initial at 25*'C, max 

Drift vs. Temp. 

Drift vs. Supply Voltage 


-lOOpA 

doubles every lO^C 

0.5pA/V 


INPUT OFFSET CURRENT I 


Initial at 250C 
Drift vs Temp 
Drift vs. Supply Voltage 


±50pA 

doubles every 10°C 

0.5pA/V 


INPUT IMPEDANCE | 


Differential 
Common-mode 


1011ft II lOpF 
1011ft 


INPUT NOISE 1 


Voltage 0.01Hz to 10Hz, p-p 
10Hz to 1kHz, rms 

Current 01 Hz to 10Hz, p-p 
10Hz to 1kHz, rms 


4mV 
3mV 
IpA 
0.1 pA 


INPUT VOLTAGE RANGE | 


Max Safe Differential Voltage 
Max Safe Common-imode Voltage 
Common-mode Voltage, Linear Operation 
Common-mode Rejection 


(+Vcc+I-Vccl) 
+Vcc to -Vcc 

±(IVccl-10)V 
80dB min.. 90dB, typ 


TEMPERATURE RANGE (Case) | 


Specification 

Operating 

Storage 


-25«C to +85»C 
-55oCto+125«'C 
-55«Cto+125oC 



NOTE: 

1 . Safe Operating Area and Power Derating limitatiops must be observed. 



MECHANICAL 




in 

CO 

m 

CO 



NOTE 

Leads in true position within 010" 
25mm ■ R at MMC at seating plane 

Pin numbers shown for reference only 
Numbers may not be marked on package 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1 510 


1 550 


38 35 


39 37 


B 


745 


770 


18 92 


19 56 


c 


300 


400 


7 62 


10 16 


D 


038 


042 


97 


1 07 


E 


080 


105 


2 03 


2 67 


F 


40° BASIC 


40° BASIC 


G 


500 BASIC 


12 7 BASIC 


H 


1 186 BASIC 


30 12 BASIC 


J 


583 BASIC 


15.06 BASIC 


K 


400 


500 


10 16 


12 70 


Q 


151 


161 


3 84 


4 09 


R 


980 


1 020 


24 89 


25 91 



CO 

cc 

HI 
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CONNECTION DIAGRAM 

TOP VIEW: 




R-SC 

The case is electrically isolated It is recommended 

that the case be grounded during use 

*A lOOOpF ±20% ceramic capacitor is recommended 
for all circuit configurations and at all amplifier 
gams The capacitor's lead lengths should be short 
For gams above 10V/V, Cc is not absolutely required 
but IS recommended 
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TYPICAL PEflFORMANCE CURVES 



Typical Tc£ 



= 25°C and ±Vcc = +35VDC unless otherwise noted • 



POWER DERATING 



357:2 SAFE OPERATING AREA 



3571 SAFE OPERATING AREA 




25 50 75 100 125 150 

Case Temperature, Tc °C 




-30 -20 -10 10 20 30 
Output Voltage V 



O 
3-0 

Q. 
3 

o 



^ 


^ 


.^ 






3^ 


K<^^' 


>P 






\ 


l/ 




DC- 




1 


^ 
















^^ 








y 




/ 












r 








y 




ji 



1 5 

-2 

-30 -20 -10 10 20 30 
Output Voltage V 



O ^10 • 



OUTPUT VOLTAGE 
VS FREQUENCY 
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INSTALLATION AND OPERATING INSTRUCTIONS 



GENERAL PRECAUTIONS 
Current Limiting 

It is recommended that during initial amplifier setup, 
particularly in breadboardingand when a lack of famili- 
arity with theamplifier exists, that thecurrent limit beset 
at about 250mA ( F^sc — 5.6(1). This will allow verification 
of the circuit and will minimize the possibility of damaging 
the amplifier. Later, when the circuit configuration and 
connections have been proven, the current limits can be 
raised to the desired value. 

IMinimum Heat Sinic 

The 3571AM and 3572AM require a minimum heat sink 
of I6"C W or lower in order to insure thermal stability 
(mounting on a 3" x 3" x 0.06" piece of 809f copper-clad 
printed circuit board material will be sufficient). Normally » 
this will not be a consideration since a larger heat sink will 
be used to provide the proper power dissipation as 
described in the Thermal Considerations section which 
follows. 

Proper Grounding and Power Supply Bypassing 

Particular attention should be given to proper grounding 
practices because the large output currents can cause 
significant grounding-loop errors. Proper connections 
are shown in Figure 2. 




LOAD 



LOAD-«^ 
GROUND 



+Vcc COM Vcc 
POWER SUPPLY 



FIGURE 2. Proper Power Supply Connections. 

Note that the connections are such that the load current 
does not flow through the wire connecting the signal 
ground point to the power supply common. Also, power 
supply and load leads should be physically separated 
from the amplifier input and signal leads. 
The amplifier power supply should be bypassed with 50/li F 
tantalum capacitors connected in parallel with O.OI^iF 
ceramic capacitqrs connected as close to pins 3 and 6 as 
possible. The capacitors should be connected to the load 
ground rather than the signal ground. 

CURRENT LIMITS 

The amplifiers are designed so that both the positive and 
negative load current limits can be adjusted with external 
resistors, R+sc ^"^ ^-sc respectively. The value of the 
resistors are given by the following equations: 



1.3 (volts) 



L 



i,„(amps) 



R-cr — 



1.5 (volts) 
l.,„^„(amps) 



liimii is the desired maximum current. The maximum 
power dissipation ofthe resistors is Pni.i\ = Rsc (Ii,mn)".The 
current limits determined by the equations above are 
accurate to about ±IO'^r. The variation of Ihmu versus 
temperature is shown in the Typical Performance Curves. 
Both +V( ( and -V( ( must be on for the current limits to 
function. 

To avoid introducing unwanted inductance into the 
current limit circuitry, which may introduce oscillations 
and permanent damage, both current limit resistors must 
be noninductive. Do not use wire wound resistors. 
Carbon composition resistors are preferred and parallel- 
ing them can provide a wide current limit range at the 
wattage needed. 

The maximum value of the negative current limit resistor 
is 15n (lOOmA, min). Exceeding this value, or an open 
circuit, could permanently damage the internal 7511, 
thin-film resistor which parallel R.s(^. 
The amplifier should be used with as low a current limit 
as possible for the particular application. This will 
minimize the chance of damaging the amplifier under 
abnormal load conditions and increase reliability by 
limiting the internal power dissipation of the amplifier. 

THERMAL CONSIDERATIONS 

The 357 1 AM and 3572AM are rated for 1 50"C maximum 
junction temperature. The thermal resistance from junc- 
tion to case (0|J is 2.5"C W. The corresponding Power 
Derating Curve is given in the Typical Performance 
Curves. 

The internal power dissipation of the amplifier is given by 
the equation Pd = Pix^ + Pdi where Pdq is the quiescent 
power dissipation and Pm is the power dissipated in the 
output stage due to the load. ( For ±V( c = ±40V, Pdo = 80 
X 0.035 = 2.8 W, max). For the case where the amplifier is 
driving a grounded load (Ri ) with a DC voltage (±Vo,n) 
the maximum value of Pm occurs at ±Vo,it = ±V( ( , 2 and 
is equal to Pm max = (±Vc c )' , 4Ri . Figure 3 shows Pd as 
function of the output voltage with the load resistance as 
a running parameter. 
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FIGURE 3. Internal Power Dissipation vs. Output 
Voltage. 
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Pi)i tor any other value of Vout can be. computed from 



±Vo.,. 



Pl)I =(±Vcc -±Vou,) • ll =(±Vcc -±Vou.) 



The use of an adequate heat sink is mandatory and 
thermal resistance of the heat sink (dh,) can be determined 
from the equation: 

dus = (T, - T/ P,)) - 0, 

where Ti is the desired amplifier junction temperature 
( + I50"C, max), T\ is the ambient temperature, Pn is the 
amplifiers dissipation, Pn = Pdo + Pdi , and 6^, is the 
junction to case thermal resistance of theamplifier. Burr- 
Brown Application Note AN-83 entitled, "How to Deter- 
mine What Heat Sink to Use", is available for additional 
information. 

The electrically isolated case of the 357 1 AM and 3572AM 
simplifies mounting the amplifiers to the heat sink (and 
the heat sink to any other assemblies) since there is no 
need lor electrical insulation. Thermal joint compound 
and lock washers should be used to prevent mechanical 
relaxation due to thermal stresses. 



Safe Operating Area 

There are additional constraints on the output voltage 
and current other than those just due to the maximum 
internal power dissipation of the amplifiers. These are 
related to the prevention of secondary breakdown in the 
output stage transistors. These restrictions are shown in 
the Safe Operating Area Curves in the Typical Perform- 
ance Curves. 

Application Constraint 

Because of the possibility of damaging the output stage if 
frequency instability (oscillations) occurs, applications 
with an inductive load which will activate the current 
limit of the amplifier, are limited to a load impedance 
phase angle of less than 60"C leading, over the frequency 
band of lOkH? to lOOkH/. Increasing the load's series 
resistance will decrease the angle, if necessary. Larger 
inductive loads may be applied it current limit is not 
activated. 

Frequency Compensation 

The optimum value of the compensation capacitor is 
lOOOpF. A ±20*^^ tolerance ceramic capacitor is recom- 
mended. The compensation capacitor should be used 
with all circuit configurations and at all amplitier gains 
(see note on Connection Diagram). 



TYPICAL APPLICATIONS 



TACHOMETER FEEDBACK 




CURRENT FEEDBACK 




Vjn Ri R, R,Rs 



VOLTAGE FEEDBACK 
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FEATURES 

•HIGH OUTPUT POWEH 
100 Watts Peak 
40 Watts Continuous 

•WIDE SUPPLY RANGE 
±10 to ±34 Volts 

•HIGH OUTPUT CURRENT 
±5 Amps Peak 
±2 Amps Continuous 

•SMALL SIZE: TO-3 PACKAGE 

•LOW COST 



APPLICATIONS 

•DC MOTORS 
•AC MOTORS 
•ACTUATORS 
•ELECTRONIC VALVES 
•SYNCROS 
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DESCRIPTION 



If you need to supply 100 watts peak or 40 watts 
continuous, yet must choose a small, easy to use op 
amp, you'll find the 3573 a logical solution. This 
hybrid IC delivers ±5A peak minimum at ±20V 
minimum to the load when operated from ±28V 
power supplies. The design of this op amp has been 
optimized for low cost while preserving moderately 
good input and distortion characteristics. 

Output circuitry provides for external current 
limiting resistors for both positive and negative 
currents. This allows current limits to be set to values 
dictated by the op amp's application. 3573 is 



internally frequency compensated and is 
unconditionally stable with capacitive loads to 
3300pF. 

Housed in a small, rugged, hermetically sealed 8-lead 
TO-3 package, 3573 will withstand severe 
environments far better than discrete component 
amplifiers. The metal case is completely electrically 
isolated from the amplifier circuitry. Thus, mounting 
is easier (no isolation washers or spacers) and the 
hazards of a case connected to the output or supply 
voltage is eliminated. 
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ELECTRICAL SPECIFICATIONS 



At Tc« = 25°C and ±Vcc = ±28VDC unless otherwise noted. 



PARAMETER 


CONDITIONS 


3573AM 




MIN 


TYP 


MAX 


UNITS 


OPEN LOOP GAIN, DC 


R, ^ 3on 


94 


115 




dB 


RATED OUTPUT 












Power to Load'" 












Continuous 




40 






W 


Peak 




iOO 






W 


Output Current 












Continuous 




±2 






A 


Peak 




- ±5 






A 


Output Voltage 


lou. = ±5A"" 


±20 


±23 




V 


DYNAMIC RESPONSE 












Bandwidth, Unity Gain 


Small Signal 




1 




MHz 






15 


23 




kHz 


Slew Rate 




135 


1.5 




V ^s 


INPUT OFFSET VOLTAGE 












Initial Offset 






±5 


±10 


mV 


vs Temperature 


-25T^Tc«.^85"C 




±10 


+65 


AiV "C 


vs Supply Voltage 






±35 




mV/v 


INPUT BIAS CURRENT 












Initial 


T.„e = 25"C 




15 


40 


nA 


vs Temperature 






±0.05 




nA C 


vs Supply Voltage 
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INPUT VOLTAGE RANGE 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage Range ±34VDC 

Internal Power Dissipation'" 45W 

Differential Input Voltage'^' ±62VDC 

Input Voltage Range'^' ±3 1 VDC 

Storage Temperature Range -65°C to I50°C 

Lead Temperature (soldering, 10 sec) 300°C 
Output Short-Circuit Duration' '' Continuous 
Junction Temperature 150°C 

1 Package must be derated based on a junction to 
case thermal resistance of 2 8"C/W, or a junction 
to ambient thermal resistance of 30"C/ W. 

2.. For supply voltages less than ±34VDC, the 
absolute maximum voltage is three volts less than 
supply voltage 

3. Safe Operating Area and Power Derating Curves 
must be observed 

4. With R±sc = 0. 

MECHANICAL 




NtKE. Leads in true position within 010" 

( 25mm) R at MMC at seating plane. 
Pin numbers shown for reference only. 
Numbers may not be marked on package. 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1510 


1550 


3835 


39 37 


B 
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19 56 


C 


260 
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7 62 


D 
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E 
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2 67 
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40° BASIC 


40° BASIC 
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500 BASIC 


12 7 BASIC 


H 


11 86 BASIC 
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593 BASIC 


15 06 BASIC 
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TYPICAL PERFORMANCE CURVES 

(Typical at 25"Case and ±V(( = ±28 VDC unless otherwise noted ) 
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INSTALLATION AND OPERATING 
INSTRUCTIONS 



GENERAL PRECAUTIONS 

CURRENT LIMITING 

It is recommended that during initial amplifier setup, 
particularly in breadboarding and when a lack of 
familiarity with the amplifier exists, that the current limit 
be set at about 250mA (Rsc = 2.60). This will allow 
verification of the circuit and will minimize the possibility 
of damaging the amplifier. Later, when the circuit 
configuration and connections have been proven, the 
current limits can be raised to the desired value. 

PROPER GROUNDING & POWER SUPPLY 
BYPASSING 



Rs( 



0.65 (volts) 
Ii,m,t (amps) 



I limit is the desired maximum current. The maximum 
power dissipation of the resistors is Pmax = Rsc (Ihmit)^. The 
current limits determined by the equations above are 
accurate to about ±10%. The variation of Ii,mit vs 
temperature is shown in the Typical Performance Curves. 
The amplifier should be used with as low a current limit as 
possible for the particular application. This will minimize 
the chance of damaging the amplifier under abnormal 
load conditions and increase reliability by limiting the 
internal power dissipation of the amplifier. 



Particular attention should be given to proper grounding 
practices because the large output currents can cause 
significant ground loop errors. Figure 1 illustrates proper 
connections. 




Load-^ 
Ground 



Power Supply 



FIGURE 1. Proper Power Supply Connections. 

Note that the connections are such that the load current 
does not flow through the wire connecting the signal 
ground point to the power supply common. Also, power 
supply and load leads should be run physically separated 
from the amplifier input and signal leads. 
The amplifier should be power supply bypassed with 
50/iF tantalum capacitors connected in parallel with 0.01 
juF ceramic capacitors connected as close to pins 3 and 6 
as possible. The capacitors should be connected to the 
load ground rather than the signal ground. 

CURRENT LIMITS 

The amplifier is designed so that both the positive and 
negtive load current limits can be adjusted with external 
resistors, R+sc and R-sc respectively. The value of the 
resistors are given by the following equation: 



THERMAL CONSIDERATIOIMS 

The 3573AM is rated for 150"C maximum junction 

temperature. The thermal resistance from junction to 

case (0jc) is 2.8^/ W per watt. The corresponding Power 

Derating Curve is given in the Typical Performance 

Curves section. 

The internal power dissipation of the amplifier is given by 

the equation Pd = Poy + Pdl where Pdq is the quiescent 

power dissipation and Pdl is the power dissipated in the 

output stage due to the load. 

The thermal resistance of the required heat sink (0hs) can 

be determined from the equation: 



Ohs — 



Tj-Ta 



-0,c 



where Tj is the desired amplifier junction temperature 
(+150^ max), Ta is the ambient temperature, Pn is the 
amplifier's dissipation, Pd = Pdq + Pdl, and 0,^ is the 
junction to case thermal resistance of the amplifier. 
The electrically isolated case of the 3573AM simplifies 
mounting the amplifiers to the heat sink (and the heat 
sink to any other assemblies) since there is no need for 
electrical insulation. Thermal joint compound and lock 
washers should be used to prevent mechanical relaxation 
due to thermal stresses. 

SAFE OPERATING AREA 

There are additional constraints on the output voltage 
and current other than those just due to the maximum 
internal power dissipation of the amplifiers. These are 
related to the prevention of secondary breakdown in the 
output stage transistors. These restrictions are shown in 
the SAFE OPERATING AREA CURVES in the 
Typical Performance Curves. 
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3580 
3581 
3582 



High Voltage 
OPERATIONAL AMPLIFIERS 



FEATURES 

• HIGH OUTPUT SWINGS, up to ±145V (35821 

• LARGE LOAD CURRENTS, up to ±60niA |35&0| 

• DIFFICULT TO DAMAGE, automatic thermal shutolf 

• REDUCES SOURCE LOADING. lOHn Input Z 

• PRESERVES SYSTEM ACCURACY. 

llOdB CMR 20pA bias current 



DESCRIPTION 

The 3580 series is the lirst family ol Integrated 
Circuit operational amplifiers which uiU proxide 
output voltage swings of up to ±I45V. 

I he monolithic hi I input stage has low biascurrents 
(2()pA) which mimmi/es the offset \oltages caused b\ 
the bias current and the large resistance normalK 
associated with high \oltage circuits 
rhe 3580 series is packaged in a TO-3 package which 
will dissipate over 3W of power without a heat sink 
and 4.5W with a suitable heat sink. 

The input stage is protected against o\er\ oltages and 
the output stage is protected against short-circuits- 
to-ground. A special thermal sensing circuit prevents 
damage to the amplifier by automatically shutting 
the amplifier down when too much power is being 
dissipated. 
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THEORY OF OPERATION 




FIGURE 2. Simplified Schematic of 3581 and 3582. 



Q +300VDC 




a. = ,|\l!l, 



+10V^ej^+290V 
*~r^ ^ +5V^e„^+290V 



FIGURE 3. Operation from a Single Supply. 

The 3580 family of integrated circuit high voltage 
amplifiers provides performance which previously was 
only available in bulky modular packages (see Figures 1 
and 2). In addition to the smaller size and inherent 
reliability, the integrated circuit construction offers other 



advantages not normally available in modular or discrete 
component units. The amplifiers have thermal sensing 
and shut-off circuitry which automatically turns the 
amplifier off when the internal temperature reaches 
approximately 150"C. This is accomplished by sensing 
the substrate temperature and deactivating the input 
stage current source when the temperature reaches a 
critical level. As this happens, the output load current 
limits at a safe value and the amplifier's quiescent current 
decreases. 

If the cause of the abnormal power dissipation is 
continuous (such as a short circuit across the load) the 
output current may remain at a low value or oscillate 
between two values depending on the amount oi power 
being dissipated and the heat sink conditions seen by the 
amplifier. In either case, the amplifier will not sustain 
internal damage and will return to normal operation 
within a few seconds after the abnormal condition is 
removed. 

The incorporation of thermal sensing and shut-off in the 
amplifier will allow the use of a smaller heat sink than 
would otherwise be required. This is due to the fact that 
the amplifier will protect itself and does not require a 
massive heat sink for protection under abnormal 
conditions. 

Another unique feature of the 3580 family is the thorough 
testing of the unit receiver. In addition to the normal 
tests, all amplifiers are 1 00% tested for input protection at 
the full rated differential voltage (+V( c -V( ( ). Each unit is 
also 1009^ tested for output short circuit to common at 
maximum supply voltage. 

The 3581 and 3582 have a unique feature that is 
important in many high voltage applications. In these 
two models the input bias current is virtually independent 
of the applied common-mode voltage. This is accom- 
plished by the true cascode input stage which keeps the 
drain-to-source voltage of the input transistors constant 
as the common-mode voltage changes. 

OPERATION FROM A SINGLE SUPPLY 

It may be desirable in some applications to operate the 
amplifiers from a single supply. The circuit in Figure 3 
illustrates a typical application. 

Note that there are restrictions on the input and output 
voltages (e, and e,,) which are necessary in order to keep 
the amplifier circuits operating in a linear manner. 

It should be noted that when the 358 1 and 3582 amplifiers 
are operated from a single supply, the output stage, which 
is still short-circuit-current limited and thermally 
protected, is not protected against short circuits to 
ground (the 3580 will still be short circuit protected under 
these conditions). When the amplifiers are operated from 
a single supply, the voltage across one of the output 
transistors is high enough that secondary breakdown's a 
consideration. The output current must be limited in 
order to prevent damage. This can be done by keeping the 
load resistor larger than 5kn for the 3582 and greater 
than Ika for the 3581. 
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SPECIFICATIONS 



ELECTRICAL 

Typical at Tcase = +25°C max unless otherwise noted 


MODELS 1 3580J | 3581J | 3582J 


POWER SUPPLY 


Voltage. ±Vcc 
Quiescent Current, max 


±15VDCto 
±35VDC 
110mA 


132VDC to 

175VDC 

l8mA 


170VDC to 
1150VDC 
16 5mA 


RATED OUTPUT | 


Voltage. + iVcci -5 VDC. mm 

Current, min 
Current. Short Circuit 
Load Capacitance, max 


llOVDCto 
130VDC 
160mA 
11 00mA 


127VDC to 

170VDC 

l^OmA 

150mA 

10nF 


165VDC to 

+ 145VDC 

+ 15mA 

l25mA 


OPEN-LOOP GAIN I 


No Load, DC 
Rated Load. DC. mm 


,106dB 
86dB 


112dB 
94dB 


118dB 
lOOdB 


FREQUENCY RESPONSE | 


Unity Gam Bandwidth. Small Signal 
Full Power Bandwidth 
Slew Rate 
Settling Time. 1% 


100kHz 
15V/MS 


5MHz, mm 
60kHz 
20V/MS 
12/^s 


30kHz 
20V/MS 


INPUT OFFSET VOLTAGE | 


Initial at Tcase = +25°C. max 
Drift vs Temp, max 
Drift vs Supply Voltage 
Drift vs Time 


llOmV 
i30mV/°C 

100/uV/V 
lOO^V/mo 


i3mV 
i25mV/°C 

20mV/V 
50)LiV/mo 


l3mV 

125mV/°C 

20mV/V 

50MV/mo 


INPUT BIAS CURRENT j 


Initial at Tcase = -t-25°C max 

Drift vs Temp 

Drift vs Supply Voltage 


-50pA ^ 
5pA/V 


-20pA 

doubles every 10°C 

2pA/V 


-20pA 
2pA/V 


INPUT OFFSET CURRENT | 


Initial at Tcase = +25°C. max 

Drift vs Temp 

Drift vs Supply Voltage 


5pA/V 


l20pA 

doubles every 10°C 

2pA/V 


2pA/V 


INPUT IMPEDANCE | 


Differential 
Common-mode 




101111 lOpF 
10111! 




INPUT NOISE 1 


Voltage 01 Hz to 10Hz. p-p 

10Hz to 1kHz, rms 
Current 01Hz to 10Hz, p-p 


IpA 


5/iV 
1 7mV 
3pA 


MuM 
0.3pA 


INPUT VOLTAGE RANGE { 


Max Safe Differential Voltaged) 
Max Safe Common-mode Voltage 
Common-mode Voltage, Linear 
Operation 
Common-mode Rejection 


' iVcci -8 V 
86dB 


+Vcc + 1 -Vcc 1 
+Vcc to -Vcc 

+ iVcci -10 V 
IIOdB 


1 iVcci -10 V 
IIOdB 


TEMPERATURE Case | 


Specification 

Operating 

Storage 


0°C to 70°C 
-55°Cto+125°C 
-55°Cto+150°C 



NOTE 

1 On Models 3581 and 3582 the inputs may be damaged by pulses at pins 5 or 6 with 
dV/dt^l V/ns| Any possible damage can be eliminated by limiting the input current to 150mA 
with external resistors in series with those pins No external protection is needed for slower 
voltage 



MECHANICAL 



r 1 


n 


1 


i 


4 




NOTE 

Leads in tru* position within 010" 

( 25nr>m) R 9 MMC at saating plane 



DIM 


INCHES 


MILLIMETERS 1 


MIN 


MAX 


MIN 


MAX 


A 


1.510 


1550 


38.35 


39.37 


B 


.745 


.770 


18.92 


19.56 


c 


.260 


.300 


660 


7.62 


D 


.038 


.042 


0.97 


107 


E 


.080 


.105 


2.03 


2.67 


F 


40» BASIC 


40» BASIC 


G 


.500 BASIC 


12.7 BASIC 


H 


1186 BASIC 


30.T2 BASIC 


J 


593 BASIC 


15.06 BASIC 


K 


.400 


.500 


10.16 


12.70 


Q 


151 


.161 


384 


4.09 


R 


980 


1.020 


24.89 


25.91 



Pin material and plating composition 
confornn to Method 2003 (solderability) 
of Mil-Std-883 (except paragraph 3.2] . 

ORDER NUMBER 3580J 
3581J 
3582J 

WEIGHT 15 GRAMS 

CASE- METAL 



PIN 
CONFIGURATION 

TOP VIEW 
OPTIONAL 
OFFSET OFFSET 
ADJUST TRIM 

r 1, 




N.C 
NO INTERNAL 
CONNECTION 

CONNECTOR 0803MC 

HEAT SINK 0803HS 

0804HS 

0805HS 

'The case is electrically isolated It is recommended 
that the case be grounded during use 
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TYPICAL PERFORMANCE CURVES 



TcASE = +25°C and ±Vcc max unless otherwise noted 
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FREQUENCY 
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CURRENT VS TEMPERATURE 
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FEATURES 

• HIGH OUTPUT SWINGS, Up to -MOV 

• LARGE LOAD CURRENTS. i75mA 

• PROTECTED OUTPUT STAGE. Automatic Thermal Shutoff 

• REDUCES SOURCE LOADING. 10^ ^ n Input Z 

• PRESERVES SYSTEM ACCURACY. 

IIOdB CMR 20pA Bias Current 

DESCRIPTION 



I he 3583 is the first integrated circuit operational 
amphtier to provide output \oltage,sv\ings of ± 140V 
With currents as high as ±75mA. 

I he amplifier operates over a wide supply range 
(±50VI)C to ±150VDC) and has excellent input 
characteristics (NOdB CMK. 3m\' \ns. 25iu\ C 
AV,,s A\) 

I he monolithic FE I input stage has low bias current 
(20pA) which minimizes the oftset voltages caused by 
the bias current and the large resistances normally 
associated with high voltage circuits. 

I he input stage is protected against overvoltages and 
the output stage is protected against short-circuits to 
ground tor supply voUages below ±1 GOV DC" A 
special thermal, serrsing circuit prevents damage to 
the amplifier by automatically shutting the amplifier 
down when too much power is being dissipated. 
I wo temperature ranges are available: 0"C to +70"C 
(3583JM) and -25"C to +85T (3583AM). 



APPLICATIONS 

• PROGRAMMABLE POWER SUPPLY 

OUTPUT AMPLIFIER 

• HIGH VOLTAGE CURRENT SOURCE 

• POWER BOOSTER 

• HIGH VOLTAGE INTEGRATOR 

• DIFFERENTIAL AMPLIFIER FOR HIGH 

COMMON-MODE VOLTAGE CIRCUITS 
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SPECIFICATIONS 



ELECTRICAt 

Specifications typical at Tcase = +25°C and ±Vcc = 150VDC unless otherwise noted 



MODELS 


3583AM 1 3583JM | 


POWER SUPPLY n 


Voltage, ±Vcc 
Quiescent Current, max 


±50VDCto±150VDC 
8 5mA 


RATED OUTPUT ] 


Voltage, ±(| VccI -10)VDC, mm 
Current, mm 
Current, Short Circuit 
Load Capacitance, max 


±40VDCto±140VDC 

±75mA 

± 100mA 

lOnF 


OPEN-LOOP GAIN | 


No Load, DC 
Rated Load, DC 


118dB 
94dB, mm; 105dB, typ 


FREQUENCY RESPONSE | 


Unity Gain Bandwidth, Small Signal 
Full Power Bandwidth, Rl = lOkll 
Slew Rate 
Settling Time, 1% 


5MHz 

60kHz 

30V/Aisec 

12Msec 


INPUT OFFSET VOLTAGE Ta = +25oC | 


Initial at 25°C, max 
Drift vs Temp, max 
Drift vs Supply Voltage 
Drift vs Time 


±3mV 
±23m/°C 
±20mV/V 
±50MV/mo 


INPUT BIAS CURRENT | 


Initial at 25°C, max 

Drift vs Temp 

Drift vs Supply Voltage 


-20pA 

doubles every lO^C 

0.2pA/V 


INPUT OFFSET CURRENT | 


Initial at 25°C 
Drift vs Temp 
Drift vs Supply Voltage 


±20pA 

doubles every 10°C 

2pA/V 


INPUT IMPEDANCE | 


Differential 
Common-mode 


10iin||10pF 

101 in 


INPUT NOISE 1 


Voltage 01 Hz to 1 0Hz, p-p 

10Hz to 1kHz, rms 
Current 01Hz to 10Hz, p-p 


5mV 
1 7mV 
3pA 


INPUT VOLTAGE RANGE | 


Max Safe Differential Voltage(i) 
Max Safe Common-mode Voltage 
Common-mode Voltage, Linear 

Operation 
Common-mode Rejection 


(+Vcc + i -VccI ) 
+Vcc to -Vcc 

±(| VccI -10)V 
IIOdB 


TEMPERATURE RANGE (Case) 




Specification 

Operating 

Storage 


-250c to +850C 1 0°C to 70«C 
-55°Cto+125°C 
-55»Cto+125oC 



MECHANICAL 



Saatino Plana " 



1 1 


n 


1 


1 






NOTE 

Laads in trua position within .010" 

(.2Smm) R 9 MMC at Mating plana. 

Pin numbers shown for rafarenca only 
Numbars may not ba marked on package 



ORDER NUMBER: 
3583AM 3583JM 

WEIGHT. 
15.1 Grams 

MATING CONNECTOR: 
0803MG , 



DIM 


INCHES 


MILLIMETERS I 


MIN 


MAX 


MIN 


MAX 


A 


1.510 


1.550 


38.35 


3937 


B 


.745 


770 


18.92 


19 56 


C 


260 


.300 


660 


7.62 


D 


038 


042 


0.97 


107 


E 


080 


105 


2.03 


2.67 


F 


40" BASIC 


40« BASIC 


G 


.500 BASIC 


12 7 BASIC 


H 


1.186 BASIC 


30.12 BASIC 


J 


.593 BASIC 


15 06 BASIC 


K 


.400 


.500 


10.16 


12.70 


Q 


.151 


.161 


384 


409 


R 


.980 


1020 


2489 


25.91 



NOTES 

1 The inputs may be damaged by pulses at pins 5 or 6 with dV/dt^ 1V/nsec. 
Any possible damage can be eliminated by limiting the input current to 
1 50mA with external resistors in series with those pins No external protection 
IS needed for slower voltage changes 



CONNECTION DIAGRAM 

(Top View) 
Offset Trim 

Output 




-Vcc 



* No internal connection. 
The metal case is electrically isolated. 
It is recommended that the case be 
grounded during use. 
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TYPICAL PERFORMANCE CURVES 

Typical at Tcase = +25<'C and ±Vcc = 150VDC unless otherwise noted 



OUTPUT VOLTAGE vs 
FREQUENCY 
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SLEW RATE vs 
SUPPLY VOLTAGE 
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TEMPERATURE 
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OPEN-LOOP GAIN vs SUPPLY 
VOLTAGE AT FULL LOAD 
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RECOMMENDED 
POWER DERATING 




25 50 75 100 125 150 175 
Case Temperature, Tc (°C) 



RECOMMENDED SAFE OPERATING 
AREA (Secondary Breakdown) 
150 
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Output Voltage (V) 



TOTAL INPUT NOISE VOLTAGE 
vs SOURCE RESISTANCE 




103 104 105 106 107 108 
Source Resistance (fl) 



TOTAL LOW FREQUENCY INPUT 

NOISE vs SOURCE RESISTANCE 

10,000 



Thermal Noise 
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Resistor 




106 107 

Source Resistance (ft) 
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APPLICATIONS INFORMATION 



The 3583 is a high voltage, high output current integrated 
circuit operational amplifier. Its ease of use, compact si/e, 
and excellent input and output specifications makes it 
well suited for a wide variety of high voltage applications. 

The equivalent circuit for the 3583 is shown in Figure 1 . 
The design uses a monolithic FET input stage for high 
input impedance, low bias current, and low voltage drift 
versus temperature. 1 he offset voltage at 25"C and the 
drift versus temperature are compensated by state-of-the- 
art laser-trimming techniques. They are low enough so 
that user-trimming will not be required in most applica- 
ions. The high input impedance provides negligible 
source impedance loading errors when the noninverting 
circuit configuration is used. The low bias currents 
minimize offset errors when large values of source and 
feedback resistors are used. 




FIGURE 1. 3583 Equivalent Circuit. 

A true cascade input stage is used together with con- 
siderable protection circuitry. There are voltage limiting 
transistors to prevent damage due to reverse bias 
breakdown of the input pair and current limiting resistors 
to limit the input current to 1 m A with the inputs at ± 1 50 
volts. The units are conservatively rated (and 1009f 
tested) at full rated differential voltage (+150V and 
-150V) but typically will withstand a 50^ f overvoltage 
without damage. 



The unit operates over a wide supply range (±50V to 
± 1 50V) with outstanding common-mode rejection ( 1 1 OdB). 
It also has another feature which is important in many 
high voltage applications. The input bias current is 
\ irtually independent of applied common-mode voltage. 
I he output circuit has a unique protection feature which 
is onlv' practical in integnited-circuit ampliiiers - self- 
contained automatic thermal sensing and shutofi cir- 
cuitry which automatically turns the amplifier off when 
the internal temperature reaches approximately 150"C. 
This is accomplished by sensing the substrate temperature 
and deactivating the amplifier's biasing network when 
the temperature reaches I50''C. As this happens, the 
output load current limits at a safe, value and the 
amplifier's quiescent current decreases. The output 
current will remain at a low value or oscillate between 
two values depending on the amount of power being 
dissipated and the heat sink conditions seen by the 
amplifier. In either case, the amplifier will not sustain 
internal damage and will return to normal operation 
within a few seconds after the abnormal load condition is 
removed. 

The internal thermal protection removes some of the 
constraints of power derating for abnormal operating 
conditions. The amplifier will protect itself for many 
conditions of excess power dissipation (see the Power 
Derating Curve). This allows the use of a smaller heat 
sink to protect against abnormal output conditions since 
the amplifier has its own internal protection for many 
conditions of excess power dissipation. The output 
constraints of the Recommended Safe Operating Area 
curves must still be observed. 

The 3583 has several other features that improve its 
utility. For instance, the metal case of the unit is 
completely electrically isolated. (This can be contrasted 
to most power semiconductors where the case is connected 
to the collector of the device.) This simplifies mounting 
and reduces cost since the need for insulating spacers and 
bushings is eliminated. The hermetically sealed package 
improves reliability and will more easily withstand severe 
environments than do discrete component amplifiers. 
The small package size reduces weight and makes 
mounting more convenient. 

Burr-Brown offers three heat sinks as accessories; 
0803 HS with a thermal resistance of 12"C/watt, 
0804HS at 4.2"C/ watt, and 0805HS at 3"C/watt. 
A convenient mating connector, 0803 MC is also available. 
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BURR-BROWN ® 3584 




High Voltage 
OPERATIONAL AMPLIFIER 



FEATURES 

• TYPICAL GAINBANDWIDTH, SOMHz 

• OUTPUT. +145V 

• PROTECTED OUTPUT, automatic thermal shutoff 

• BIAS CURRENT. -20pA 

• CMR. IIOdB 

• SLEW RATE. 150V///S 

APPLICATIONS 

• ANALOG SIMULATORS 

• DIGITALLY-CONTROLLED POWER SUPPLIES 

• CRT DEFLECTION 

• ELECTROSTATIC TRANSDUCERS 

DESCRIPTION 

The 3584 is a high voltage, integrated circuit operational 
amplifier that will provide up to ±145V output. 
The amplifier will provide a gain-bandwidth product of 
20MHz minimum, 50MHz typical. The amplifier uses 
external frequency compensation (one R and one C) so 
that the user may optimize the bandwidth and slew rate 
for his particular application. 

The amplifier operates over a wide supply range 
(±70VDC to ±150VDC) and has excellent input 
characteristics (1 lOdB CMR, 3mV Eos, and 25mV/°C Eos 
Drift). The input stage is a FET. The low -20pA bias 
current minimizes the offset errors caused by the large 
value resistors normally used in high voltage circuits. 

The input stage is protected against overvoltages and the 
output stage is protected against short circuits to ground. 
A special thermal sensing circuit helps to prevent damage 
to the amplifier by automatically shutting the amplifier 
down when too much power is being dissipated. 
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DISCUSSION 



The 3584 is a high voltage, integrated circuit operational 
amplifier. Its ease of use, compact size, and excellent 
input and output specifications makes it well suited for a 
wide variety of high voltage and high speed applications. 

The design uses a monolithic FET input stage for high 
input impedance, low bias current, and low voltage drift 
versus temperature. The offset, voltage and the drift are 
laser trimmed. They are low enough so that user trimming 
will not be required in most applications. 

To achieve the high common-mode voltage capability 
and rejection a true cascode input stage is used together 
with considerable protection circuitry. There are voltage 
limiting diodes to prevent damage due to reverse bias 
breakdown of the input pair and current limiting resistors 
to limit the steady state input current to 1mA with the 
inputs at ±150 volts. The units are conservatively rated 
(and 100% tested) at full rated differential voltage (+150 
and -150V) but typically will withstand a 50% 
overvoltage without damage. 

It also has another feature which is important in many 
high voltage applications. The input bias current is 
virtually independent of applied common-mode voltage. 
This is a benefit of the true cascode input stage which 
keeps the drain to source voltage of the input transistors 
constant as the common-mode voltage changes. 

The amplifier contains automatic thermal sensing and 
shut-off circuitry which automatically turns the amplifier 
off when the internal (substrate) temperature reaches 
approximately 150°C. This is accomplished by sensing 
the substrate temperature and deactivating all current 
sources when the temperature reaches a critical level. As 
this happens, the output current gradually decreases to 
zero. The output current may remain at a low value or 
oscillate between 2 values depending on the amount of 
power being dissipated and the heat sink conditions seen 
by the amplifier. In either case, the amplifier will not 
sustain internal damage and will return to normal 
operation within a few seconds after the abnormal 
condition is removed. 

The incorporation of thermal sensing and shut-off in the 
amplifier will require a smaller heat sink than normal. 
This is due to the fact that the amplifier will protect itself 
and does not require a massive heat sink for protection 
under abnormally high power dissipation. 

The 3584 has several other features that improve its 
utility. The metal case of the unit is completely electrically 
isolated. This simplifies mounting and reduces cost since 
the need for insulating spacers is eliminated. The 
hermetically sealed package improves reliability and will 
withstand severe environments better. And the small 
package size reduces weight and makes mounting more 
convenient. 



OPERATION FROM A SINGLE SUPPLY 

It may be desirable in some applications to operate the 
amplifiers from a single supply. The circuit in Figure 1 
illustrates a typical application. Note that there are 
restrictions on the input and output voltages (e, and Co) 
which are necessary in order to keep the amplifier circuits 
operating in a linear manner. 

It should be noted that when the amplifier is operated 
from a single supply, the output stage, which is still short 
circuit current limited and thermally protected, is not 
protected for short circuits to ground under all operating 
conditions. Consult the safe operating area curve. 



P +300V 







eo = e, ( .. ) 



^1 
+ 10V ^ e, < +290V 
+ 5V < Cq < + 290V 

-o 



FIGURE 1. Operation from a single supply. 



+5VDC 

(1)9 



15VDC 

Q 



130VDCto+28SVDC 
Q 



(2) 
DACSO-CBI-I 



TET 



X 




ISVDC 



NOTES: 

1. May be connected to +15VDC. 

2. Use for DAC gain adjust, y^^^ = (Ij^^^ oUxX^f)- 

3. Optional offset adjust. 



FIGURE 2. High Speed, High Voltage DAC. 
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SPECIFICATIONS 



t LC OT K 1 O A L Typical at 2SX and ±V,c max unless otherwise noted. 1 


MODELS 


3584JM 


POWER SUPPLY 

Voltage. ±V., 
Quiescent Current, max 


±70to±150 VDC 
±6.5mA 


RATED OUTPUT 

Voltage. ± ( 1 \J -5)VDC, mm 
Current, mm 
Current'. Short Circuit 
I oad Capacitance, max 


±65 to ±145 VDC 
±l5mA 
±25mA 
10 nF 


OPEN LOOP GAIN 

No Load, DC 

Rated Load, DC. mm 


120 dB 
lOOdB 


FREQUENCY RESPONSE 

I'nitv dam Bandwidth. Small Signal 
Gain-bandwidth Product, f= 1 kHz, G= 100 
Full Power Bandwidth. G = 100 
S lew Rate. G= 100 
.SetthngTime.O |ff.G=100 


7 MHz 

20 MHz, mm 

135 kHz 

150 V//US 
12 ms 


INPUT OFFSET VOLTAGE 

Initial (a 2S"C, ma\ 
Drift vs lemp, max 
Drift \s Suppiv Vohagc 
Drift \s F imc 


3mV 
25 mV/"C 
20mV,V 
50 /xV mo 


INPUT BIAS CURRENT 

Initial @ 25°C, max 

Drift vs Temp 

Drift vs Supply Voltage 


-20 pA 

doubles every IO°C 

2pA/V 


INPUT OFFSET CURRENT 

Initial @ 25^ 
Drift vs Temp 
Drift vs Supply Voltage 


±20 pA 

doubles every lO^C 

0.2 pA/V 


INPUT IMPEDANCE 

Differential 
Common Mode 


10" n II 10 pF 

10" n 


INPUT NOISE 

Voltage 001 Hz to 10 Hz p-p 

10 Hz to 1 kHz rms 
Current 0.0 1 Hz to 10 Hz p-p 


5mV 
1.7 mV 
0.3 pA 


INPUT VOLTAGE RANGE 

Max Safe Differential Voltage'" 
Max Safe Common Mode Voltage 
Common Mode Voltage, Linear 

Operation 
Common Mode Rejection 


(+Vcc + 1 -Vcc 1 ) 
+Vcc to -Vcc 

±( 1 Vcc 1 -10)V 
UOdB 


TEMPERATURE RANGE (Case) 

Specification- 
Operating 
Storage 


0"C to 70°C 
-55T to +125"C 
-55"C to +150"C 



(I) The inputs may be damaged by pulses at pins 5 or 6 with dV/dt > I V/ns Any possible damage 
can be eliminated by limiting the input current to 150mA with external resistors in series with those 
pins No external protection is needed for slower vehagc changes 



MECHANICAL 



TO-3 




00 

m 

CO 



Pin material and plating composition 
conform to Method 2003 (solderability) 
of Mil-Std-883 (except paragraph 3.2 | 



CONNECTION 




DIAGRAM 




(TOP VIEW) 


Optional 




Offset 


Offset 


Adjust 


— — I Trim 


lOOkn > 


Mjr vl/v^-^ 


To ►^ 


/^"^^ (Tj Ou 


+Vcc Lh 


(?) ^\ 


Offset 


Y^ 


Trim , 


4>. 


-in( 


/ 



(0 
UJ 



a 

< 



< 

UJ 

o 



Connector: 0803MC 

Heatsinks: 0803HS, 0804HS, or 0805HS 



Compensation 



1000 



500 pF 



50 pF 



Rt 



not required 



For intermediate values of gam, R and C values may be 

interpolated 

1 he case is electrically isolated It is recommended that the 

case be grounded during use. 
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TYPICAL PERFORMANCE CURVES 

lypiLdl at 25"C and iV max unless otherwise noted. 
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rNSTRUMENTATION AMPLIFIERS 



3 



WHAT IS AN INSTRUMENTATION AMPLIFIER? 

An instrumentation amplifier is a closed-loop, differential input, gain block. 
It is a committed circuit with the primary function of accurately amplifying 
the voltage applied to its inputs. 

Ideally, the instrumentation amplifier responds only to the difference be- 
tween the two input signals and exhibits extremely high impedance between 
the two input terminals, and from each terminal to ground. The output 
voltage is developed single-ended with respect to ground and is equal to the 
product of amplifier gain and the difference of the two input voltages. See 
Figure 1. 




60 = 6(62-6,) 



Figure 1. Idealized Model of an Instrumentation Amplifier. 



Amplifier gain (G) is normally set by the user with a single external resistor. 
The properties of this model may be summarized as infinite input imped- 
ance, zero output impedance, the output voltage proportional to only the 
difference voltage (e2- ej), a precisely known gain constant (G) (implying 
no nonlinearity), and unlimited bandwidth. This amplifier would completely 
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reject signal components common to both inputs (common-mode rejection) 
and would exhibit no DC offset voltage or drift. 

CHARACTERISTICS OF 

INSTRUMENTATION AMPLIFIERS 

It is desirable to achieve, as close as possible, the characteristics of the ideal 
instrumentation amplifier. The following paragraphs are a discussion of the 
other-than-ideal characteristics of instruitientation amplifiers. 

INPUT IMPEDANCE 

A simple model of a realistic instrumentation amplifier is shown in Figure 
2. The impedance Zjj^ represents the differential input impedance. The com- 
mon-mode input impedance Z^^^ is represented as two equal components, 
2Zj^j^, from each input to ground. These finite resistances contribute an 
effective gain error due to loading of the source resistance. The instrumen- 
tation amplifier provides a load on the source of Zj = Z^ II Z^^^ If source 
impedance is R^ = R^j + R^^, the gain error caused by this loading is: 



Gain Error = 1 - 



^i 



R o Re 

■^ s — = -^ — ^= ^ if Z,> > R„ 



If R^ is lOkQ and Z, is lOMQ, 



Gain Error = ^^^ ^^ = 0.1' 
10x10 




®o ^Rl 



Figure 2. Simple Model of an Instrumentation Amplifier Shown in a Typical 
Application Configuration. 



Burr-Brown IC Data Book 



3-2 



Vol. 33 



The DC common-mode input impedance Z^^^ will be independent of gain. 
The DC differential input impedance Z^^ may vary as a function of gain. 
Specifications give the worst-case value. The nonzero output impedance of 
the amplifier will also create a gain error, the value of which depends on the 
load resistance. 



NONLINEARITY 

The linearity of gain is possibly of more importance than the gain accuracy, 
since the value of the gain can be adjusted to compensate for simple gain 
errors. The nonlinearity is specified to be the peak deviation from a "best fit" 
straight line, expressed as a percent of peak-to-peak full scale output. 

COMMON-MODE REJECTION 

As illustrated in Figure 2, the output voltage has two components. One 
component is proportional to the differential input voltage Cj^= (o^- e^). The 
second component is proportional to the common-mode input voltage. The 
common-mode voltage which appears at the amplifier's input terminals is 
defined as e^j^= e2+ ej/2. This may consist of some common-mode voltage 
in the source itself, e^j^, (such as bridge excitation) plus any noise voltage, 
Q^, between the source common and the amplifier common. As shown in 
Figure 2, the constant G represents the differential amplifier gain factor 
(fixed by the external gain-setting resistor). The constant (G/CMRR) repre- 
sents the common-mode signal gain of the amplifier. The CMRR (common- 
mode rejection ratio) is the ratio of differential gain to common-mode gain. 
Thus CMRR is proportional to the differential gain and CMRR increases as 
the differential gain (G) increases. Hence, CMRR is usually specified for the 
maximum and the minimum values of gain of the amplifier. The common- 
mode rejection may be expressed in dB as CMRR (dB) = 201ogjQ CMRR. 

For an ideal instrumentation amplifier the output voltage component due to 
common-mode voltage should be zero. For a realistic instrumentation am- 
plifier, the CMRR though very high, is still not infinite and so will cause an 
error voltage of e^j^/CMRR x G to appear at the output. 

SOURCE IMPEDANCE UNBALANCE 

If the source impedances are unbalanced, the source voltages (Qq^+ o^) are 
divided unequally upon the common-mode impedance, and a differential 
signal is developed at the amplifier's input. This error signal cannot be 
separated from the desired signal. In the circuit in Figure 2 if R^^ = 0, R^^ 
= IkQ, e^j^ + ®N ~ ^^^' ^^^ ^CM ~ lOOMiQ, then the effect of unbalance is 
to generate a voltage: 

e.--e =10V-- lOV— -i2 — - = lOV— -i^ — -=i^ = 0.1mV 
10% 10^ 10% lo' lo' 
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If Q^ full scale is lOmV then this error is 



Error = ^'}^^ = 1% of full scale 
lOmV 



OFFSET VOLTAGE AND DRIFT 

Most instrumentation amplifiers are two-stage devices— they have a vari- 
able gain input stage and a fixed gain output stage. If Vjapd V^are the offset 
voltages of the input and output stages respectively, then the amplifiers total 
offset voltage referred to the input (RTI) = Vj,+Vq/G, where G is the 
amplifier's gain. (Note that total E^^ (RTI) x G appears at the output.) 

The initial offset voltage is usually adjustable to zero. Therefore voltage 
drift is the more significant term because it cannot be nulled. The offset 
voltage drift also has two components— one due to the input stage of the 
amplifier and the other due tb the output stage. When the amplifier is 
operated at high gain, the drift of th6 input stage dominates. At low values 
of gain, the drift of the output stage will be the major component of drift. 
When the total output drift is referred to the input, the effective input voltage 
drift is largest for low values of gain. Output voltage drift will always be 
lowest at low gains. If AV/AT = 2|j,V/°C and AV^/AT = 500|aV/°C and the 
amplifier in a gain of lOOOVA^ is nulled at 25°C, then at 65°C the offset 
voltage will be 

Eos(RTI) 65° = 40°C[2|xV/°C + (5pO|iV/°C/1000VA^)] 
= 40°C(2.5|iV/°C) =. 100|iV = O.lmV 

If the full scale input is lOmV, then the error due to voltage drift is 



Error = -^ = 1% of full scale 

lOmV 



INPUT BIAS AND OFFSET CURRENTS 

The input bias currents are the currents that flow out of (or into) either of the 
two inputs of the amplifier. They are the base currents for bipolar input 
stages and the leakage currents for JFET input stages. Offset current is the 
difference of the two bias currents. 

The bias currents flowing into the source resistances will generate offset 
voltages of E^33= I^^x R3,and E^3, = 13^ x R3^. If R3, = R3,^ R3/2, the offset 
voltage at the input is E^g^- E^^^ = 1^3 x R3/2. This input-referred offset error 
may be compared directly with the input voltage to compute percent error. 
(Note that the source must be returned to power .supply common or R3 will 
be infinite and the amplifier will saturate.) 
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APPLICATIONS OF 

INSTRUMENTATION AMPLIFIERS 

Instrumentation amplifiers are generally used in applications where extract- 
ing and accurately amplifying low level differential signals riding on high 
common-mode voltages (±10V) is very important. Such applications require 
high input impedance, high CMRR, low input noise, and excellent DC level 
stability (low offset voltage drift). 

Instrumentation amplifiers are used as transducer amplifiers for various 
types of transducers such as strain gauge bridges, load cells, thermistor 
networks, thermocouples, current shunts, biological probes, weather 
gauges, and so forth. Other applications include recorder preamplifiers, 
multiplexer buffers, servo error amplifiers, current sensors, signal condi- 
tioners in process control and data acquisition systems, and in general 
measurements of small differential signals riding on common-mode volt- 
ages. 

The small size, low cost, and high performance of these amplifiers offer an 
attractive approach for data acquisition applications, that is, assigning a 
fixed-gain amplifier to each transducer and locating the amplifier physically 
near the transducer. This approach largely eliminates common-mode noise 
pickup problems since a high level signal (rather than a low level transducer 
signal) is then transmitted to the data gathering station. The result is a higher 
signal/noise ratio at the output. Using one amplifier per point may well be 
more economical, as well as offering better performance and flexibility, than 
the approach of using low level multiplexers. 

INSTRUMENTATION AMPLIFIERS 
SELECTION GUIDES 

The following Selection Guides show parameters for the high grade. Refer 
to the Product Data Sheet for a full selection of grades. Models shown in 
boldface are new products introduced since publication of the previous 
Burr-Brown IC Data Book. 
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INSTRUMENTATION AMPLIFIERS 
















Boldface 


sNEW 






Gain 






Input 1 














Accuracy, 


Gain 


Non- 




Offset Response, 












G 


1=100 


Drift, 


linearity 




Voltage G 


blOO 












Gain i5°C, 


G=100 


GslOO 


CMRC) 


vsTemp ±3dBBW 


Temp 






Description 


Model 


Range max(%) (ppm/X) max(%) 


min(d6] 


► max(^V/''C) 


(kHz) 


Ranged 


» Pkg 


Page 


Very High 


INA104P 


1-1000<2) 


0.15 


22 


±0.003 


96 


±(0.25±10/G) 


25 


Com 


DIP 


3-34 


Accuracy 


INA104M 


1-1000<2) 


0.15 


22(3) 


±0.003 


96 


±(0.25±10/G) 


25 


Ind 


DIP 


3-34 




INA101G 


1-1000<2) 


0.03 


22(3> 


±0.003 


96 


±(0.25+1 0/G) 


25 


Ind 


DIP 


3-11 




INA101P 


1-1000<2) 


0.3 


22<3) 


±0.007 


90 


±(2±20/G) typ 


25 


Com 


DIP 


3-11 


Low Quies- 


INA102G 


1,10,100, 


0.15 


15 


±0.02 


90 


±(2±5/G) 


3 


Ind 


DIP 


3-23 


cent Power 




1000 




















Fast Settling 


INA110G 


1,10.100, 


0.1 


20 


±0.01 


96 


±(2±50/G) 


470 


Ind 


DIP 


3-65 


FET Input 




200,500 






















INA110P 


1,10,100, 
200, 500 


0.2 


6typ 


±0.02 


87 


±(2±20/G) typ 


470 


Com 


DIP 


3-65 


Buffer, 


3627M 


1V/V,fixed 


0.01 <3) 


5 


±0.001(3) 


100 


20 


800(3) 


Ind 


TO-99 


3-158 


Unity-Gain 


INA105M 


IV/V.fixed 


0.01 <3) 


5 


±0.001(3) 


86(5) 


10 


1000(3) 


Ind 


10-99 


3-45 


Difference 


INA105P 


1V/V,fixed 


0.025<3)5 


±0.001(3) 


725) 


5 typ 


1000(3) 


Com 


DIP 


3-45 


Gain of 10 


INA106M 


lOVAA.fixed 


0.01W 


10 


±0.001(*) 


100(«) 


2 


500(*) 


Ind 


TO-99 


3-57 


Difference 


INA106P 


10VA^,fixed 


0.025W4typ 


±0.001(*) 


86(5) 


0.2 typ 


500(*) 


Com 


DIP 


3-57 


High Common 


INA117G 


1V/V,fixed 


0.02(') 


10(3) 


±0.001(3) 


QQiS) 


20 


200(3) 


Ind 


DIP 


3-77 


Mode Voltage 


INA117P 


1V/V,fixed 


0.05<«> 


10W 


±0.001(3) 


74(''> 


40 


200(3) 


Com 


DIP 


3-77 


Difference 
























(200VDC CMV) 






















4-20mA Loop 


RCV420BG .3125V/mA 0.025 


25 


±0.001 


86 


25(^ 


150 


Ind 


DIP 


3-110 


Receiver 


RCV420KP .3125V/mA 0.05 


50 


±0.001 


74 


50(^ 


150 


Com 


DIP 


3-110 



NOTES: (1)Com = 0°Cto+70°C, lnd«-25°Cto+85°C. (2) Setwith external resistor. (3) Unity-gain. (4)Gain = 10. (5)Nosource 
imbalance. (6) DC to 60Hz, Gain = 10, Ika unbalanced. (7) RIO. 
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PROGRAMMABLE GAIN AMPLIFIERS 



Gain Input Parameters Dynamic 

Accuracy, Gain Non- Offset Response, 

G=100 Drift, Linearity Voltage G=100 

Gain 25°C, G=100 G=100 CMR(«) vsTemp ±3clB BW Temp 

Range max(%) (ppm/°C) max(%) min(dB)max(|iV/°C) (kHz) Range(^) Pkg Page 



Description Model 



Noninverting PGA1 OOG 

Multiplexed 

Input 

PGA102G 
PGA102P 



Gain set 0.02 
with 4-bit 
word 1 , 2, 
4,8...128 
Gain set 0.01 
with 2-bit 0.02 
word 1,10 
100 



10 



20 
50 



±0.005 



±0.01 
±0.01 



NA 



6typ 



5MHz Ind 



DIP 



3,G=100 250 Ind DIP 
3,G=100 250 Com DIP 



3-85 



3-93 
3-93 



Instrumen- 
tation 
Amplifier 
input 



PGA200G 



Gain set 0.02 
with 2-bit 
word 1,10, 
100,1000 



10 



±0.003 96 



0.4,G=100 30 Ind 



DIP 



3-103 



0) 

q: 

LLj 
LL 



Differential 
Input 



3606M 



Gain set 0.02 
with 3-bit 
word 1 , 2, 
4, 8...1024 



10 



±0.004 90,G=1 ±(1+20/G) 40 



Ind 



DIP 



3-150 



NOTES: (1 ) Com = 0°C to h-TO^C, Ind = -25°C to +85°C. (2) Set with external resistor. (3) Unity-gain. (4) Gain = 10 (5) No 
source imbalance. (6) DC to 60Hz, Gain = 10, 1 kQ unbalanced. 



PRECISION TRANSMITTERS 








Span 


Input Parameters 

Offset Output Parameters 
Voltage vs CMR, Offset FS Output 
Offset Temp DC, Current Current Current 
Voltage max min Range Error, Error, Temp 
)) max (hV/°C) (dB) (mA) max {[lA) max (nA) Range^^) 


' Pkg 




Description 


Untrimmed 

Error, 

1 Model max(%) 


Non-lin- Temp 

earity, Drift<^) 

max (%) (ppm/°C 


Page 


Two-Wire 


XTR100P 
XTR101G 
XTR101P 


-3 
-5 
-5 


0.01 ±100 
0.01 ±100 
0.01 ±100 


±25^iV ±0.5 
±30)iV ±0.75 
±100)iV±1.5 


90 4-20 ±4 
90 4-20 ±6 
90 4-20 ±19 


±20 
±30 
±60 


Ind 
Ind 
lnd<3) 


DIP 
DIP 
DIP 


3-114 
3-126 
3-126 


Three- 
Wire and 
Current 
Source 


XTR110G 
XTR110P 


0.2 
0.6 


0.005 30 
0.025 50 


— — 


— ■1 r4-20, ±16 

— J \0-20, ±64 

5-25('*) 


±32 
±96 


Ind 
Com 


DIP 
DIP 


3-139 
3-139 



< 

I- 
z 
111 

3 
GC 
h- 
0) 



NOTES: (1 ) With zero TC span resistor. (2) Com = 0°C to +70°C, Ind = -25°C to +85°C. (3) ^0°C to +85°C. (4) Many more ranges 
with appropriate circuit. 
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INSTRUMENTATION AMPLIFIERS GLOSSARY 

COMMON-MODE INPUT IMPEDANCE 

Effective impedance (resistance in parallel with capacitance) between either 
input of an amplifier and its common, or ground, terminal. 



COMMON-MODE REJECTION (CMR) 

When both inputs of a differential amplifier experience the same common- 
mode voltage (CMV), the output should, ideally, be unaffected. CMR is the 
ratio of the common-mode input voltage change to the differential input 
voltage (error voltage) producing the same output change: 

CMR (in dB) = 201ogjo CMV/Error Voltage 

Thus a CMR of 80dB means that IV of common-mode voltage will cause 
an error of lOOjiV (referred to input). 

COMMON-MODE REJECTION RATIO (CMRR) 

Ratio of the differential voltage gain of an amplifier to its common-mode 
voltage gain. 

COMMON-MODE VOLTAGE (CMV) 

That portion of an input signal common to both inputs of a differential 
amplifier. Mathematically it is defined as the average of the signals at the 
two inputs: 

CMV=:(ej + e2)/2 

FEEDBACK 

Return of a portion of the output signal from a device to the input of the 
device. 

FULL POWER FREQUENCY RESPONSE 

Maximum sinewave frequency at which a device can supply its peak-to- 
peak rated output voltage and current, without introducing significant 
distortion. 

GAIN 

Ratio of the output signal to the associated input signal of a device. 
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GAIN ERROR 

Difference between the actual gain of an amplifier and the one predicted by 
the ideal gain expression. 

INPUT BIAS CURRENT 

DC input current required at each input of an amplifier to provide zero 
output voltage when the input signal and input offset voltage are zero. The 
specified maximum is for each input. 

INPUT BIAS CURRENT DRIFT 

Rate of change of input bias current with temperature or time. 

INPUT GUARDING 

Use of an input shield that is sometimes driven to follow the voltage level p^ 

of the input signal and, thereby, remove leakage and loss-inducing voltage LU 

differences between the input signal path and surrounding stray conduction IL. 

paths. jrj 

INPUT OFFSET CURRENT ^ 

Difference of the two input bias currents in a differential amplifier. O 

INPUT OFFSET VOLTAGE ^ 

DC input voltage required to provide zero voltage at the output of an j^ 

amplifier when the input signal and input bias currents are zero. S 

DC 

INPUT PROTECTION 0) 

Means of protecting an input of a device from damage due to the application — 

of excessive input voltage. 

INSTRUMENTATION AMPLIFIER 

Closed-loop, differential input, gain block exhibiting high input impedance 
and high common-mode rejection. Its primary function is to accurately 
amplify the voltage applied to its inputs. 

NONLINEARITY 

Peak deviation from a best-fit straight line (curve fitting on input/output 
graph) expressed as a percent of peak-to-peak full scale output. 
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OVERLOAD RECOVERY TIME 

Time required for the output of an amplifier to return from saturation to 
linear operation, following the removal of an input overdrive signal. 



SETTLING TIME 

Time required, after application of a step input signal, for the output voltage 
to settle and remain within a specified error band around the final value. 



SLEW RATE 

Maximum rate of change of an output voltage when supplying the rated 
output. 
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BURR -BROWN® 




INA101 



MILITARY & DIE 
VERSIONS 
AVAILABLE 



< 
2 



Very-High Accuracy 
INSTRUMENTATION AMPLIFIER 



FEATURES 

• ULTRA-LOW VOLTAGE DRIFT - a25/uV/«C 

• LOW OFFSET VOLTAGE -25mV 

• LOW NONLINEARITY- 0.002% 

• LOW NOISE -13nV/vHz at fo = 1l(Hz 

• HIGH CIMR-IOadB at 60Hz 

• HIGH INPUT IMPEDANCE -lO^On 

• LOW COST. TO-100. CERAMIC DIP AND PLASTIC 
PACKAGE 

DESCRIPTION 

The IN A 101 is a high accuracy, multistage, inte- 
grated-circuit instrumentation amplifier designed for 
signal conditioning requirements where very-high 
performance is desired. All circuits, including the 
interconnected laser-trimmed thin-film resistors, are 
integrated on a single monolithic substrate. 



APPLICATIONS 

• AMPLIFICATION OF SIGNALS 
FROM SOURCES SUCH AS: 

Strain Gages 

Thermocouples 

RTDs 

• REMOTE TRANSDUCERS 

• LOW LEVEL SIGNALS 

• MEDICAL INSTRUMENTATION 



A multiamplifier design is used to provide the highest 
performance and maximum versatility with mono- 
lithic construction for low cost. The input stage uses 
Burr-Brown's ultra-low drift, low noise technology 
to provide exceptional input characteristics. 



v. 
a 
u 

u 
a 

< 

2 
C 

F 

< 

2 
U 

S 

a 

t- 

V. 

2 




lOka 



lOkn I 

lOkn *^ 



WW 



llOkn 



+V, 



'cc ""cc 
M Package 



"0" 

COMMON 



OUTPUT 



OFFSET ADJUST 
(TX?) (a) A1 OUTPUT 




(2) Qa) (g) (m) COMMON 

*hc he *2 OUTPUT 

G and P Packages 



International Airport Industrial Park - P.O. Box 11400 • Tucson. Arizona 85734 - Tel. (602| 746-1111 - Twx- 910-952-1111 - Cable: BBRCORP - Telex 
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SPECIFICATIONS 



ELECTRICAL 

At +25°C With ±15VDC power supply and in circuit of Figure 2 unless otherwise noted 



MODEL 


INA101AM/AG 


INA101SM/SG 


INA101CM/CG<,; 


"^ INA101HP/KU 


UNITS 




MIN 


TYP 


MAX 


MIN 


TYP 


>MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


GAIN 


















■ 






' 




Range of Gam 


1 




1000 


* 




* 


* 




* 


* 




* 


v/v 


Gam Equation 




G=;H(40k/RG) 


j 




* 






» 






♦ 




v/v 


Error From Equation. DC'" 




r(004+000016G 
02/G) 


±(01+0 0003G 
-0 05/G) 
















±(01+ 
000015G) 
-005/G 


±(03+ 
0002G) 
-010/G 


% 


Gam Temp Coefficient'^' 




























G = 1 




2 


5 




♦ 


* 




* 


* 




* 




ppm/»C 


G = 10 




20 


100 




* 


* 




10 


* 




» 




ppm/'C 


G = 100 




22 


110 




* 


* 




11 


* 




* 




ppm/'C 


G = 1000 




22' 


110' 




• , * 


. • * 




'. . 11 


* . 




» 




, ppm/'C 


Nonlinearity, DC'" 




r(0 002+10"=G) 


±(0 005+2>10"'G) 




±(0001 
+10-*G) 


r(0 002 
HO-=G) 




±(0 001 
+10-'G) 


-(0 002 
-10'^G) 




* 




% of p-p FS 


RATED OUTPUT 




























Voltage 


±10 


±12 5 




* 






♦ 


* 




* 


♦ 




V 


Current 


3:5 


±10 




* 


♦ 




* 


,' * 




* 


* 




mA 


Output Impedance 




02 






* 












♦ 







Capacitive Load 




1000 






* 






• \"' 






* 




pF 


INPUT OFFSET VOLTAGE 




























Initial Offset at +25°C 




±(25+200/G) 


±(50+400/Gj 




±(10+ 
lOO/G) 


T(25 
-200/G) 




±(10+ 
100/G) 


r(25+ 
200/G) 




±(125+ 
450/G) 


r(250^ 
900/G) 


//V 


vs Temperature 






±(2+20/G) 






r(0 75 
^10/G) 






r(0 25+ 
10/G) 




±(2+20/G) 




/iV/»C 


vs Supply 




r(H20/G) 






* 






* 






* , 




/iV/V 


vs Time 




±(1+20/G) 






* 






• 






♦ 




juV/mo 


INPUT BIAS CURRENT 




























Initial Bias Current 




























(each input) 




±15 


±30 




±10 


* 




±5 


±20 




* 


* 


nA 


vs Temperature 




±0 2 


















♦ 




nA/'C 


vs Supply 




±01 


















♦ 




nA/V 


Initial Offset Current 




±15 


±30 




±10 


* 




±5 


±20 




« 


» 


nA 


vs Temperature 




±0 5 


















* 




nA/'C 


INPUT IMPEDANCE 
































10'° 3 


















* 




n.pF 


Common-mode 




10'° '3 














\ 




* 




OipF 


INPUT VOLTAGE RANGE 




























Range, Linear Response 


±10 


±12 




* 






* 


* ' 




* 


* 




V 


CMR with IkO Source Imbal 




























DCto60Hz,G=1 


80 


90 




* 






* 






65 


85 ' 




dS 


DCto60Hz,G=10 


96 


106 




* 






* 






90 


95 




dB 


DCto60Hz,G=100to1000 


106 


110 




* 






* 






100 


105 




dB 


INPUT NOISE 




























Input Voltage Noise 




























fB=0 01Hz to 10Hz 




08 


















» 




^V, p-p 


Density. G=1000 




























fo=10Hz 




18 






















nV/VHz 


fo=100Hz 




15 






















nV/x/Fii 


fo=1kHz 




13 






















nV/\/Hz 


Input Current Noise 




























fB=0 01Hz to 10Hz 




50 






















pA, p-p 


Density 




























fo=10Hz 




08 






















pA/x/Hi 


fo=100Hz 




46 






















pA/\/Hz 


fo=1kHz 




35 






















pA/v/Ri 


DYNAMIC RESPONSE 




























Small Signal. i3dB Flatness 




























G = 1 




300 






















kHz 


G = 10 




140 






















kHz 


G = 100 




25 






















kHz 


G = 1000 




25 






















kHz 


Small Signal, rl% Flatness 




























G = 1 




20 






















kHz 


G = 10 




10 






















kHz 


G = 100 




1 






















kHz 


G = 1000 




200 






















Hz 


Full Power. G=1 to 100 




64 






















kHz 


Slew Rate, G=1 to 100 


02 


04 




* 






* 






*'♦ 






V///S 


Settling Time (0 1%) 










'' 
















•G = 1 




30 


40 






« 






* 






* 


/iS 


G = 100 




40 


55 - 






'* 






* 






* 


fJS 


G = 1000 




350 


470 






* 






* 






« 


fJS 


Settling Time (0 01%) 




























G = 1 




30 


45 












» 






* 


/us 


G = 100 




50 


70' 






* 






, * 






* 


^s 


G = 1000 




500 


650 






* 






♦ 






* 


//s 


POWER SUPPLY 




























Rated Voltage 




±15 






















V 


Voltage Range 


±5 




±20 • 


* 




* 


* 




* 


* 




« 


V 


Current, Quiescent'^' 




±6 7 


±85 






* 






* 






* 


mA 


TEMPERATURE RANGE'" 


















^ 










Specification 


-25 




+85 


-55 




+125 






* 







+70 


°C 


Operation 


-55 




+125 








* 




* 




-25 


+85 


OQ 


Storage 


-65 




+150 


* 




♦ 


* 








-40 


+85 


X 



* Specifications same as for INA101AM/AG 
NOTES (1 ) Typically the tolerance of Rg will be the major source of gam error (2) Nonli 
peak-to-peak full scale output. (3) Not including the TCR of Rg (4) Adjustable to zero 
dcA - 83°C/W 



neanty is the maximum peak deviation from the best straight-line as a percentage of 
at any one gam (5) djc output stage = 113°C/W. fijc quiescent circuitry = IQ'C/W. 
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MECHANICAL 



M Package 




Case = -Vcc 

Leads in true position within 

010" (0 25nnm) R at MMC 

at seating plane 

Pin numbers shown for 

reference only 

Numbers may not be marked 

on package 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


C 


165 


185 


4 19 


4 70 


D 


016 


021 


041 


53 


E 


010 


040 


25 


1 02 


F 


010 


040 


25 


1 02 


G 


230 BASIC 


5 84 BASIC 1 


H 


026 


034 


71 


86 


J 


029 


045 


74 


1 14 


K 


500 




12 70 




L 


120 


160 


3 05 


4 06 


M 


36° BASIC 


36° BASIC 


N 


110 1 120 


2 79 1 3 05 



BOTTOM VIEW 



G Package 



Hermetic DIP 




Leads in true position within 
0.01" (0 25mm) R at MMC at 
seating plane. 

Pin numbers shown for refer- 
ence only Numbers may not 
be marked on package 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


670 


710 


17 02 


18 03 


C 


065 


170 


1 65 


4 32 


D 


015 


021 


38 


53 


F 


045 


060 


1 14 


1 52 


G 


100 BASIC 


2 54 BASIC 1 


H 


025 


070 


64 


1 78 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


6 10 


L 


300 BASIC 


7 62 BASIC ] 


M 


-- 


10° 


-- 


lb* 


N 


009 


060 


23 


1 52 



B 



U Package 




NOTE Leads in true position 
within 010" ( 25mm) R at MMC at 
seating plane 

Pin numbers shown for reference 
only Numbers are not marked on 
package 



Pin 1 Identifier 



'T 



^S^' 



DIM 


INCHES 


MILLIMETERS ] 


MIN 


MAX 


MIN 


MAX 


A 


400 


416 


1016 


10 57 


Ai 


-388 


412 


9 86 


10 46 


B 


286 


302 


7 26 


7 67 


Bi 


268 


286 


6 81 


7 26 


C 


093 


109 


2 36 


2 77 


D 


015 


020 


38 


51 


G 


050 BASIC 


1 27 BASIC 1 


H 


022 


038 


56 


97 


J 


008 


012 


20 


30 


L 


391 


421 


9 93 


10 69 


M 


5°TYP 


5° TYP 


N 


000 I 012 


000 1 030 



PIN CONFIGURATION 



P Package 



/s.^^,^ ^^^ 



^ 



— Oerwtes Pin 1 




Case = -Vcc 

Leads in true position within 

10" (0 25mm) R at MMC 

at seating plane 

Pin numbers shown for 

reference only 

Numbers may not be marked 

on package 



DIM 


INCHES 


MILLIMETERS ] 


MIN 


MAX 


MIN 


MAX 


A 


660 


785 


16 76 


19 94 


B 


220 


280 


5 59 


7 11 


C 


_ 


200 




5 08 


D 


015 


023 


38 


58 


F 


030 


070 


76 


1 78 


G 


100 BASIC 


2 54 BASIC 1 


H 


030 


095 






J 


008 


015 


20 


38 


K 


100 




2.4 




L 


300 BASIC 


7 62 BASIC 1 


M 


- 


15° 




15° 


N 


020 


050 


51 


1 27 




INPUT 

GAIN SENSE 1 

GAIN SET 1 

OFFSET ADJ 

OFFSET ADJ 




AI OUTPUT 
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ORDERING INFORMATION 



ABSOLUTE MAXIMUM RATINGS 



Model 


Package 


Range 


INA101AG 
INA101CG 
INA101AM 
INA101CM 
INA101HP 
INA101KU 
INA101SG 
INA101SM 


Ceramic DIP 
Ceramic DIP 
Metal TO-100 
Metal TO-100 
Plastic DIP 
Plastic SOIC 
Ceramic DIP 
Metal TO-100 


-25°Cto+85''C 
-25°Cto+85°C 
-25*Cto+85''C 
-25°Cto+85°C 
O^Cto+TO^C 
0'»Cto+70''C 
-55'>Cto+125°C 
-55'»Cto+125°C 


BURN-IN SCREENING OPTION 

See text for details. 


Model 


Package 


Burn-In 
Temp. (160h)"' 


INA101AG-BI 
INA101CG-BI 
INA101AM-BI 
INA101CM-BI 
INA101HP-BI 
INA101KU-BI 
INA101SG-BI 
INA101SM-BI 


Ceramic DIP 
Ceramic DIP 
Metal TO-100 
Metal TO-100 
Plastic DIP 
Plastic SOIC 
Ceramic DIP 
Metal TO-100 


125'»C 
+125''C 
+125"»C 
+125*0 
+85»C 
+85° C 
+125«'C 
+125°C 



Supply ±20V 

Internal Power Dissipation 600mW 

Input Voltage Range ±Vcc 

Operating Temperature Range M, G -55"'C to +125X 

P, U -25''C to +85''C 

Storage Temperature Range: M, G -66°C to +150°C 

P, U -40°C to +85''C 

Lead Temperature (sol(^ering, 10s) M, G, P +300°C 

Lead Temperature (wave soldering, 3s) U +260° C 

Output Short-Circuit Duration Continuous to ground 



NOTE: (1) Or equivalent combination. See text. 



BURN-IN SCREENING 

Burn-in screening is an option available for both the 
plastic- and ceramic-packaged INAIOI. Burn-in duration 
is 160 hours at the temperature shown below (or 
equivalent combination of time and temperature). 

Plastic "-BP' models: -1-85° C 
Ceramic "-BI" models: -l-125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 



TYPICAL PERFORMANCE CURVES 



At +25°C and in circuit of Figure 2 unless otherwise noted. 
GAIN NONLINEARITY VS GAIN 



0.01 



CO 



# O.O03 







A 


Max 




/ 


Typ 









120 



I 80 
O 



10 100 

Gam (V/V) 



CMR VS SOURCE IMBALANCE 





-G= \ 


■ ■■• mMi 


G = 10 






G = 1 




^ 


G = 1 








^ 


DC" — 
1 







3200 



TOTAL OFFSET VOLTAGE 
DRIFT VS GAIN 







A 






^ 




^ 


r 



1 3.2 10 32 100 

Source Resistance Imbalance (kH) 



10 100 

Gain (V/V I 



GAIN VS FREQUENCY 



CMR VS FREQUENCY 



m 40 



O 20 



GAIN ERROR VS FREQUENCY 













120 
100 

ffi 

•D 

a: 80 
o 

60 


G = 100. 


1000 






10% 

1 

2i% 

UJ 

E 

(0 

O 

0.1% 






/ 


/// 


G = 1000 


G = 10 


% 


G = 100 




\ 




G = 1 




X 




G 


= A0OOJ 


7 


/ 


G = 10 


\ 


rs 


\ 






N 


Bala 
Sou 


need 
rce 




\ 


^ 


'<3 = 10 


/// 


G=1 


G = 1 


1% Err 




\ 








\ 


r^ \ 










0.01% 




G 


Ml 

= 10 





10 100 1k 10k 100k 1M 
Frequency (Hz) 



10 100 1k 

Frequency (Hz) 



100 IK 10k 
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WARM-UP DRIFT VS TIME 




i 










g 


\ 










^ 


\ 










2 


> 


V 










\ 


— 


. 





QUIESCENT CURRENT VS SUPPLY 



STEP RESPONSE 



=»• 320 

0) 

E 



2 3 

Time I Minutes I 



SETTLING TIME VS GAIN 



RL = 2kIl 
CL = 1000pF 










01%-sOT 






1%-^^ 






+10 

i ^^ 

o 

> 
z: 

3 
Q. 
3 

O -5 
-10 



A 


G = 1 










/^=iooo I 






1 


f 1 


'1 




J 


1 




\ 




1 






\ 


<- 









±5 ±10. ±15 

Supply Voltage (V) 



OUTPUT NOISE VS GAIN 



100 200 300 400 500 600 
Time i/iS' 

INPUT NOISE VOLTAGE 
VS FREQUENCY 100 GAIN 1000 







1 




Rs 


= iMn/ 
/rs = 




^^^*^^R£ 


/ loookn 
Rs = lOkn ^ 



J g=— - " — ^ 



10 100 

Gairi'VA/i 



10 100 

Gain<V/V. 



10 100 

Frequency • Hz 



DISCUSSION OF PERFORMANCE 

INSTRUMENTATION AMPLIFIERS 

Instrumentation amplifiers are differential input closed- 
loop gain blocks whose committed circuit accurately 
amplifies the voltage applied to their inputs. They 
respond only to the difference between the two input 
signals and exhibit extremely-high input impedance, 
both differentially and common-mode. Feedback net- 
works are packaged within the amplifier module. Only 
one external gain setting resistor must be added. An 
operational amplifier, on the other hand, is arj open-loop. 



8a = G|e2-e^HG8rt 
• Gfe2-^efl/2 GeQim 
^""^ CMRR ^CMRR 




-Gp , ^^CM 
"" ^ CMRR 

FortNA101G = 1 -•-40k/RQ 
where Rq is the gain setting resistor. 



FIGURE 1. Model of an Instrumentation Amplifier. 



uncommitted device that requires external networks to 
close the loop. While op amps can be used to achieve the 
same basic function as instrumentation amplifiers, it is 
very difficult to reach the same level of performance. 
Using op amps often leads to design trade-offs when it is 
necessary to amplify low level signals in the presence of 
common-mode voltages while maintaining high input 
impedances. Figure 1 shows a simplified model of an 
instrumentation amplifier that eliminates most of the 
problems. 

THE INA101 

Simplified schematics of the INAlOl are shown on the 
first page. It is a three-amplifier device which provides all 
the desirable characteristics of a premium performance 
instrumentation amplifier. In addition, it has features not 
normally found in integrated circuit instrumentation 
amplifiers. 

The input section (Al and A2) incorporates high per- 
formance, low drift amplifier circuitry. The amplifiers are 
connected in the noninverting configuration to provide 
the high input impedance (lO'^H) desirable in the instru- 
mentation amplifier function. The offset voltage and 
offset voltage versus temperature is low due to the 
monolithic design and improved even further by the 
state-of-the-art laser-trimming techniques. 
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The output section (A3) is connected in a unity-gain 
difference amplifier configuration. A critical part of this 
stage is the matchirig of the four lOkH resistors which 
provide the difference function. These resistors must be 
initially well matched and the matching must be main- 
tained over temperature and time in order to retain 
excellent common-mode rejection. (The 106dB minimum 
at 60FIz for gains greater than lOOV/V is a significant 
improvement compared to most other integrated circuit 
instrurnentation amplifiers.) 

All of the internal resistors are compatible thin-filiii 
nichrome formed with the integrated circuit. The critical 
resistors are laser-trimmed to provide the desired high 
gain accuracy and common-mode rejection. Nichrome 
ensures long-term stability of trimmed resistors and 
simultaneous achievement of excellent TCR and TCR 
tracking. This provides gain accuracy and common- 
mode rejection when the IN A 101 is operated over wide 
temperature ranges. 

USING THE INA101 

Figure 2 shows the simplest configuration of the IN A 101 . 
The gain is set by the external resistor, Ro with a gain 
equation of G = 1 + (40K/ R(i). The reference and TCR of 
R(, contribute directly to the gain accuracy and drift. 

For gains greater than unity, resistor R(, is connected 
externally between pins 1 and 4. At high gains where the 
value of Rg becomes small, additional resistance (i.e.. 



I This circuit may be used as a repiacement ^.y 

I for the singie potentiometer, it wili adjust * ^^ 
offset and ieave drift unchanged. 




8 OUTPUT 



Eo = n+(40k/RG)llE2-Et) 



relays, sockets) in the R(} circuit will contribute to a gain 
error. Care should be taken to minimize this effect. 

The optional offset null capability is shown in Figure 2. 
The adjustment affects only the input stage component of 
the offset voltage. Thus, the null condition will be 
disturbed when the gain is changed. Also, the input drift 
will be affected by approximately 0.31 /uV/°C per 100/uV 
of input offset voltage that is trimmed. Therefore, care 
should be taken when considering use of the control for 
removal of other sources of offset. Output offsetting can 
be accomplished in Figure 3 by applying a voltage to 
Common (pin 7) through a buffer amplifier. This limits 
the resistance in series with pin 7 to minimize CM R error. 
Resistance above 0.1 fl will cause the common-mode 
rejection to fall below 106dB. Be certain to keep this 
resistance low. 

It is important to not exceed the input amplifiers' 
dynamic range. The amplified differential input signal 
and its associated common-mode voltage should not 
cause the output of Ai or A: to exceed approximately 
±10V or nonlinear operation will result. 

BASIC CIRCUIT CONNECTION 

The basic circuit connection for the INAIOl is shown in 
Figure 2. The output voltage is a function of the 
differential input voltage times the gain. 

OPTIONAL OFFSET ADJUSTMENT PROCEDURE 

It is frequently desirable to null the input component of 
offset (Figure 2) and occasionally that of the output 
(Figure 3). The quality of the potentiometer will affect the 
results, therefore, choose one with good temperature and 
mechanical-resistance stability. The procedure is as 
follows: 




•>-15VDC 



HOOicn 



FIGURE 2. Basic Circuit Connection for the INAIOI 
Including Optional Input Offset Null 
Potentiometer. 



FIGURE 3. Optional Output Offset Nulling or Offsetting 
Using External Amplifier (Low 
Impedance to Pin 7). 
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1. Set El = E2 = OV (be sure a good ground return path 
exists to the input). 

2. Set the gain to the desired value by choosing Rg. 

3. Adjust to lOOkn potentiometer in Figure 2 until the 
output reads OV ±lmV or desired setting. Note that 
the offset will change when the gain is changed. If the 
output component of offset is to be removed or if it is 
desired to establish an intentional offset, adjust the 
lOOkn potentiometer in Figure 3 until the output 
reads OV ± 1 mV or desired setting. Note that the offset 
will not change with gain, but be sure to use a stable 
external amplifier with good DC characteristics. The 
range of adjustment is ±15mV as shown. For larger 
ranges change the ratio of Ri to R2. 

THERMAL EFFECTS ON OFFSET 

To maintain specified offset performance, especially in 
high gain, prevent air currents from circulating around 
the input pins. This can be done by using a skirted heat 



sink on the INAIOIM package. Rapid changes in die 
temperature and thermocouple effects on the pins will 
then be minimized. Surrounding the package with low 
power components will also help to reduce air flow 
across the package and pins. 

TYPICAL APPLICATIONS 

Many applications ofinstrumentation amplifiers involve 
the amplification of low level differential signals from 
bridges and transducers such as strain gages, thermo- 
couples, and RTD's. Some of the important parameters 
include common-mode rejection (differential cancellation 
of common-mode offset and noise, see Figure 1), input 
impedance, offset voltage and drift, gain accuracy, 
linearity, and noise. The INAlOl accomplishes all of 
these with high precision. 

Figures 4 through 16 show some typical applications 
circuits. 



O 

< 



0) 
DC 
111 

E 



< 
z 
o 
p 

z 

UJ 






TRANSDUCER o 

OR SENSOR 



SHIELD 



*V, 



'CC 




Eo = (1*|40I(/Rg)IIE2E,) 



-Vcc 



^OUT 



FIGURE 4. Amplification of a Differential Voltage from a Resistance Bridge. 



♦ +Vi 



NOISEiaOHzNUM) 



*G8in sense will miniinlze 
gain error due to iddltional 
resistance in the Rg circulL 



CC 




FIGURE 5. Amplification of a Transformer-Coupled Analog Signal. 
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^OC "G , 



TWISTED 
PAIR 



lOOkO s 

FOR BIAS J_ 

CURRENT V 
RETURN 




VFC32/ 
320/62 



DIGITAL 



Q OUT 



0PA27 

f -15V0C EXTERNAL 

AMPLIFIER 



V ^ +15VDC 

l0kn::R2 

^fi] 

lO't^^OFFSEniNG 

Therangeof+VOCIsOVtOi-7i)V 



FIGURE 6. Output Offsetting Used to Introduce a DC Voltage for Use with a Voltage-to-Frcquency Converter. 




♦ 4 

AE|f|= ImV, p-p 



•i-tSVOC (from isolation power supply) 



6 = 1000 




-15VDC 
(from isolation power supply) 



Equt'v.i 
p 



FIGURE 7. ECG Amplifier or Recorder Preamp for Biological Signals. 



o-«- 




+15V0C 



'DOES NOT REQUIRE EXTERNAL ISOLATION POWER SUPPLY 
ISOLATION AIHIPUFIER 



iSOlOO 
3650 
OR 

3656* 







SVDC 



»=OUT 



*15VDC 



INPUT ISOLATION POWER SUPPLY OUTPUT 

COMfDION 722 COMMON 



-)5VDC 



FIGURE 8. Precision Isolated Instrumentation Amplifier. 
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CHANNEL SELECT 



GAIN SELECT 




CONTROL LOGIC 



*Vp£p AND GROUND 

MAY BE USED FOR 
ERROR CORRECTION 



^OUT 



FIGURE 9. Multiple Channel Precision Instrumentation Amplifier. 



Q +24V 



-HIOVhef 




300n 



t 

±10niV 

\ 



m2So 



2N3055 




5 



8 +2V TO +10V 



+24V >^kn 



0PA27 




+6V 

eokn 




^.^l 20mA 
12inA! „ 

1 "IN 



-lOmV +10mV 



GAIN: 



13T 

^ G Si 4inA TO 20mA 



Rl< Vl 

— Lo 



FIGURE 10. 4mA to 20mA Bridge Transmitter Using Single Supply Instrumentation Amplifier. 



Em o- 




GROUND RESISTANCE 




— O EoUT 



FIGURE U. Ground Resistance Loop Eliminator (INAlOl senses and amplifies Vi accurately). 
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THERMOCOUPLE 



f 



IN914 

COLD 

JUNCTION 

COMPENSATION 



:; 100O 



f\ 



>K UPSCALE 
BURN-OUT 
INDICATION A +15VDC 



: ^49900 



IMn 



ISkO 
+15V 




FIGURE 12. Thermocouple Amplifier with Cold Junction Compensation. 



AEn 40.040 



40.040 




A+I5V 




'-15V 
OVERALL GAIN = AEout/AE,n = 2000 



AEouT 



FIGURE 13. Differential Input/ Differential Output Amplifier (twice the gain of one INA). 



Burr-Brown IC Data Book 



3-20 



Vol. 33 



S3l 



t/2 065043 



"LTUl 

200/usec 
CONTROL O— 



J 



A +15V 




^-15V 



1/2 DG 5043 



11 t 



+15V 



OG5040 



15 113 1 14 
V -15U 



CONTROL 


SI 


S2 


S3 


S4 


S5 


MOOE 





Closed 
Open 


Closed 
Open 


Open 
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Open 
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Closed 
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Signal Amplification 
Auto-Zeroing 



FIGURE 14. Auto-Zeroing Instrumentation Amplifier Circuit. 
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A+15V 




R1 
^11690 



:706Q 
R2 



GAIN SENSE 1 4 



GAIN SET 1 
:244Q 

, ^^ GAIN SET 2 
:4470 



I0> R4 
2440 



: 7G60 
R6 



> 11690 
R7 



GAIN SENSE 2 11 



Ao 66a 




-O EouT 



ADDRESS 



GAIN 



50 
100 



G = 1 + (40K/(R1 + R2 + R3 + R4 + R5 + R6 + R7)) 
G = 1 + ((40K + R1 + R7)/(R2 + R3 + R4 + R5 + R6)) 
G = 1 + |(40K + R1 + R2 + R6 + R7)/(R3 + R4 + R5)) 
G = 1 + ((40K 4- R1 -I- R2 + R3 + R5 + R6 + R7)/R4) 



>V-15V 



FIGURE 15. Programmable Gain Instrumentation Amplifier. 
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AE,N 





-O EouT 
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FIGURE 16. Programmable-Gain Instrumentation Amplifier Using the INAlOl and PGA102. 
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Low-Power, High-Accuracy 
INSTRUMENTATION AMPLIFIER 



FEATURES 

• LOWQUIESCENT POWER: 750aiA. max 

• INTERNAL GAINS: 1. 10, 100. 1000 

• LOW-GAIN DRIFT: Sppm/^'C. max 

• HIGH CMR: 90dB. min 

• LOW-OFFSET VOLTAGE DRIFT: 2//V/°C. max 

• LOW-OFFSET VOLTAGE: 100//V, max 

• LOW NONUNEARITY: 0.01%. max 

• HIGH-INPUT IMPEDANCE: lO'^'O 

• LOW COST 

DESCRIPTION 

The INA102 is a high-accuracy monolithic instru- 
mentation amplifier designed for signal-conditioning 
applications where low-quiescent power is desired. 
On-chip thin-filnl resistors provide excellent tem- 
perature and stability performance. State-of-the-art 
laser-trimming technology insures high-gain accuracy 
and common-mode rejection while avoiding expen- 
sive external components. These features make the 
INA102 ideally suited for battery powered and high- 
volume applications. 

The INA102 is also convenient to use. A gain of 1, 10, 
100 or 1000 may be selected by simply strapping the 
appropriate pins together. 5ppm/°C gain drift in low 
gains can then be achieved without external adjust- 
ment. When higher than specified CMR is required, 
CMR can be trimmed using the pins provided. In 
addition, balanced filtering can be accomplished in 
the output stage. 



APPLICATIONS 

• AMPLIFICATION OF SIGNALS FROM SOURCES 
SUCH AS: 

Strain Gauges 
Thermocouples 
RTDs 

• REMOTE TRANSDUCER AMPLIFIER 

• LOW-LEVEL SIGNAL AMPLIFIER 

• MEDICAL INSTRUMENTATION 

• MULTICHANNEL SYSTEMS 

• BATTERY-POWERED EQUIPMENT 
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SPECIFICATIONS 



ELECTRICAL 

At Ta = +25° C with ±t5VDC 
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: power supply and 


n circuit of Figure 2 unJess otherwise noted. 
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ADVANCE INFORMATION 


MODEL 


CONDITIONS 


INA102AG 


INA102CG 


mi^m»m$ 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


^ wm' 


' Tm 


moi 


GAIN 
























Range of Gain 




1 




1000 


* 




* 


» 




# 


v/v 


Gam Equation, 






G = 1 + 


















External, ±20% 






(40k/RG)"' 






* 






* 




v/v 


Error, DC: G = 1 


Ta = +25»C 






0.1 






0.05 






415 


% 


G = 10 


Ta = +25''C 






0.1 






0.05 






f^M 


% 


G = 100 


Ta = +25°C 






0.25 






0.15 






44 


% 


G = 1000 


Ta = +25»C 






0.75 






0.5 






m 


% 


G = 1 


Ta = Twin tO Tmax 






0.16 






0.08 






0M 


% 


G = 10 


Ta = Twin tO Tmax 






0.19 ' 






0.11 






^M 


% 


G = 100 


Ta = Tmin to Tmax 






37 






0.21 






QM 


% 


G = 1000 


Ta = Tmin tO Tmax 






0.93 






0.62 
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% 


Gain Temp. Coefficient 
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ppm/'C 


G = 10 








15 






10 








ppm/°C 


G = 100 








20 






15 








ppm/'C 


G = 1000 
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Nonlinearity, DC 
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G^l 


Ta = +25°C 






0.03 






0.01 








%ofFS 


G = 10 


Ta = +25°C 






0.03 






0.01 








%ofFS 


G = 100 


Ta = +26°C 






0.05 






0.02 








%ofFS 


G = 1000 


Ta = +25»C 






0.1 






0.05 








%ofFS 


G = 1 


Ta = Tmin to Tmax 






0.045 






0.015 








%ofFS 


G = 10 


Ta = Tmin to Tmax 






0.045 






0.016 








%ofFS 
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Ta = Tmin to Tmax 






0.075 






0.03 




^ '■ , * 


%ofFS 


G = 1000 


Ta = Tmin to Tmax 
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♦ 


%ofFS 


RATED OUTPUT | 
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±(|Vcc| 
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-■^ . 
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Current 
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Short-Circuit Current*'^* 
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Output Impedance 
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OFFSET VOLTAGE 
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BIAS CURRENT 
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VOLTAGE RANGE 
























Range, Linear Response 
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■» 






G = 1 


DC to 60 Hz 


80 


94 




90 


* 




n^ 


♦ * 




dB 


G = 10 


DC to 60 Hz 


80 


100 




90 


* 




♦ •• 


* 




dB 


G = 10 to 1000 


DC to 60 Hz 


80 


100 




90 


* 




X f' ^. 


.♦ ' 




dB 


NOISE 




















-" 




Input Voltage Noise 
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Input Current Noise 
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MODEL 


CONDITIONS 


INA102AG 
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DYNAMIC RESPONSE 
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Small Signal 
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±3dB Flatness 
G = 1 


VouT = IVrms 
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kHz 
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kHz 


Full Power. G = 1 to 100 


VouT=10V, RL=10kO 
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Slew Rate. G = 1 to 100 


VouT=10V. RL=10kfi 
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RL=10kO, Cl=100pF 






















01% G = 1 


10V step 




50 












» 




//s 


G = 100 






360 












'* 




/US 


G = 1000 






3300 












- 0^ . >.^ • - " --i . : 


/us 


01% G = 1 


10V step 
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POWER SUPPLY ! 1 


Rated Voltage 
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Voltage Range 
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TEMPERATURE RANGE | 


Specification 
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Operation 
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'Specification same as for INA102AG 

NOTES (1 ) The internal gam set resistors have an absolute tolerance of ±20%. however, their tracking is SOppm/X Rg will add to the gam error if gams other than 
1. 10, 100 or 1000 are set externally (2) At high temperature, output drive current is limited An external buffer can be used if required (3) Adjustable to zero at 
any one time 
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NOTE: Leads in true position 

within 10" (0 25mm) R at 

seating plane 

Pin numbers shown for reference 

only Numbers are not marked on 

package 

CASE Ceramic 




Seating Plane 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


790 


810 


20 07 


20 57 


C 


105 


170 


2 67 


4 32 


D 


015 


021 


038 


53 


F 


048 


060 


122 


152 


G 


100 BASIC 


2 54 BASIC ' 


H 


030 


070 


76 


178 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


610 


L 


300 BASIC 


7 62 BASIC j 


M 


— 


10" 


_ 


10° 


N 


025 


060 


64 


152 



Plastic 




NOTE. Leads in true position 

within 10" (0 25mm) R at seating 

plane 

PINS. Pin material and plating 

composition conform to method 

2003 (solderability) of MIL-STD- 

883 (except paragraph 3 2) 

CASE- Plastic 



DIM 


INCHES 


MILLIMETERS I 


MIN 


MAX 


MIN 


MAX 


A 


740 


800 


1880 


2032 


Ai 


725 


785 


18 42 


1994 


B 


230 


290 


5 85 


7 38 


Bi 


200 


250 


509 


636 


c 


120 


200 


. 305 


509 


D 


015 


023 


038 


59 


F 


030 


070 


76 


178 


G 


100 BASIC 


2 54 BASIC 1 


H 


002 


005 


51 


127 


J 


008 


015 


20 


038 


K 


070 


150 


178 


3 82 


L 


.300 BASIC 


7 63 BASIC 1 
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0» 


15" 


0" 


15" 
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010 


030 


025 


*076 


P 


025 


050 


064 


127 
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PIN CONFIGURATION 



SOIC 



Pin 1 Identifier 





NOTE Leads in true position 
within 010" ( 25mm) R at MMC at 
seating plane 

Pin numbers shown for reference 
only Numbers are not marked on 
package. 



'k 


Jf^ 


^- 


i" 








DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


400 


416 


1016 


10 57 


Ai 


388 


412 


9 86 


10 46 


B 


286 


302 


7 26 


7 67 


Bi 


268 


286 


6 81 


7 26 


C 


093 


109 


2 36 


2 77 


D 


015 


020 


38 


51 


G 


050 BASIC 


1 27 BASIC 


H 


022 


038 


56 


97 


J 


008 


012 


20 


30 


L 


391 


421 


9 93 


10 69 


M 


5°TYP 


5°TYP 


N 


000 1 012 


000 1 030 



ORDERING INFORMATION 



Model 


Package 


Temperature 
Range 


INA102AG 
INA102CG 
INA102KP 
INA102KU 


Ceramic DIP 
Ceramic DIP 
Plastic DIP 
Plastic SOIC 


-25° C to +85° C 

-25°Cto+85°C 

0°Cto+70°C 

0°Cto+70°C 


BURN-IN SCREENING OPTION 

See text for details 


Model 


Package 


Burn-In Temp. 
(160h)"' 


INA102AG-BI 
INA102CG-BI 
INA102KP-BI 
INA102KU-BI 


Ceramic DIP 
Ceramic DIP 
Plastic DIP 
Plastic SOIC 


+125°C 
+125°C 
+85° C 
+85° C 



Offset Adjust Q^ 

X 10 Gain ^ 

X 100 Gam Q 

X 1000 Gam Q 

X 1000 Gam Sense Qs 

Gain Sense (6 

Gam Set ^ 

CMR Trim (s^ 



je) Offset Adjust 
Js^+ln 
^-in 
^ Filter 
^+Vcc 
Q Output 
lOl Common 
^-Vcc 



ABSOLUTE MAXIMUM RATINGS 



Supply +18V 

Input Voltage Range IVcc 

Operating Temperature Range -25°C to +85°C 

Storage Temperature Range' Ceramic -65°C to +150°C 

Plastic -55°C to +125°C 

Lead Temperature (soldering 10 seconds) +300°C 

Output Short-Circuit Duration Continuous to ground 



NOTE (1) Or equivalent combination See text. 



BURN-IN SCREENING 

Burn-in screening is an option available for both plastic- 
and ceramic-packaged IN A 102s. Burn-in duration is 160 
hours at th:. temperature shown below (or equivalent 
combination of time and temperature). 

Plastic "-BI" models: +85° C 
Ceramic "-BI" models: +125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 



TYPICAL PERFORMANCE CURVES 

At +25° C and in circuit of Figure 2 unless otherwise noted 
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GAIN VS FREQUENCY 



CMR VS FREQUENCY 
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TYPICAL PERFORMANCE CURVES (CONT) 



At +25°C and in circuit of Figure 2 unless otherwise noted 
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QUIESCENT CURRENT VS SUPPLY 



STEP RESPONSE 



2 3 4 5 

Time (ms) 




±5 ±10 ±15 

Supply Voltage (V) 



SETTLING TIME VS GAIN 



PEAK-PEAK VOLTAGE NOISE VS GAIN 



INPUT NOISE VOLTAGE VS FREQUENCY 




% 



1000 
800 

500 

300 

200 



^ 100 
^ 80 





















j 










^ 






^^^ 






^ 




-G = 10- 


- 


-*^ 










G = 


= 100, G = 


1000 











Gam (V/V) 



Gam (V/V) 



100 1 

Frequency (Hz) 
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DISCUSSION OF 
PERFORMANCE 

INSTRUMENTATION AMPLIFIERS 

Instrumentation amplifiers are differential input closed- 
loop gain blocks whose committed circuit accurately 
amplifies the voltage applied to their inputs. They respond 
mainly to the difference between the two input signals 
and exhibit extremely high input impedance, both differ- 
entially and common-mode. The feedback networks of 
this instrumentation amplifier is included on the mono- 
lithic chip. No external resistors are required for gains of 
I, 10, 100, and 1000 in the INAI02. 
An operational amplifier, on the other hand, is an open- 
loop, uncommitted device that requires external net- 
works to close the loop. While op amps can be used to 
achieve the same basic function as instrumentation 
amplifiers, it is very difficult to reach the same level of 
performance. Using op amps often leads to design trade- 
offs when it is necessary to amplify low-level signals in 
the presence of common-mode voltages while maintain- 
ing high-input impedances. Figure 1 shows a simplified 
model of an instrumentation amplifier that eliminates 
most of the problems. 
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CMRR " 




6 "CM 

GAIN SET IS 

PIN-PROGRAMMABLE FOR 
XI, X10. X100. X1000 
IN THE INA102 



FIGURE I. Model of an Instrumentation Amplifier. 

THE INA102 

A simplified schematic of the INA102 is shown on the 
first page. A three-amplifier configuration is used to 
provide the desirable characteristics of a premium per- 
formance instrumentation amplifier. In addition, it has 
features not normally found in integrated circuit instru- 
mentation amplifiers. 

The input buffers (Al and A2) incorporate high perfor- 
mance, low-drift amplifier circuitry. The amplifiers are 
connected in the noninverting configuration to provide 
the high input impedance (lO^^H) desirable in instrumen- 
tation amplifier applications. The offset voltage and 
offset voltage versus temperature are low due to the 
monolithic design, and improved even further by state- 
of-the-art laser-trimming techniques. 

The output stage (A3) is connected in a unity-gain 
differential amplifier configuration. A critical part of 
this stage is the matching of the four 20kn resistors 
which provide the difference function. These resistors 
must be initially well matched and the matching must be 
maintained over temperature and time in order to retain 
good common-mode rejection. 

All of the internal resistors are made of thin-film ni- 
chrome on the integrated circuit. The critical resistors 
are laser-trimmed to provide the desired high-gain accur- 
acy and common-mode rejection. Nichrome ensures 
long-term stability and provides excellent TCR and 
TCR tracking. This provides gain accuracy and common- 
mode rejection when the INA102 is operated over wide 
temperature ranges. 

USING THE INA102 

Figure 2 shows the; simplest configuration of the INA102. 
The output voltage is a function of the differential input 
voltage times the gain. 

A gain of 1, 10, 100, or 1000 is selected by programming 
pins 2 through 7 (see Table I). Notice that for the gain of 
1000, a special gain sense is provided to preserve accuracy. 
Although this is not always required, gain errors caused 
by external resistance in series with the low value 40.040 
internal gain set resistor are thus eliminated. 




FIGURE 2. Basic Circuit Connection for the INA102. 



Other gains between 1 and 10, 10 and 100, and 100 and 
1000 can also be obtained by connecting an external 
resistor between pin 6 and either pin 2, 3, or 4, respectively 
(see Figure 6 for application). 

G = 1 + (40/ Rg) where Rg is the total resistance between 
the two inverting inputs of the input op amps. At high 
gains, where the value of Rg becomes small, additional 
resistance (i.e., relays or sockets) in the Rg circuit will 
contribute to a gain error. Care should be taken to 
minimize this effect. 

TABLE I. Pin-Programmable Gain Connections 



GAIN 


CONNECT PINS 


1 

10 
100 
1000 


6 to 7 

2 to 6 and 7 

3 to 6 and 7 

4 to 7 and separately 5 to 6 



OPTIONAL OFFSET ADJUSTMENT PROCEDURE 

It is sometimes desirable to null the input and/ or output 
offset to achieve higher accuracy. The quality of the 
potentiometer will affect the results; therefore, choose 
one with good temperature and mechanical-resistance 
stability. 

The optional offset null capabilities are shown in Figure 
3. R4 adjustment affects only the input stage component 
of the offset voltage. Note that the null condition will be 
disturbed when the gain is changed. Also, the input drift 
will be affected by approximately 0.31/iV/°C per lOOjuV 
of input offset voltage that is trimmed. Therefore, care 
should be taken when considering use of the control for 
removal of other sources of offset. Output offset cor- 
rection can be accomplished with Ai, Ri, R2, and R3, by 
applying a voltage to Common (pin 10) through a buffer 
amplifier. This buffer limits the resistance in series with 
pin 10 to minimize CMR error. Resistance above O.IH 
will cause the common-mode rejection to fall below 
lOOdB. Be certain to keep this resistance low. 



Burr-Brown IC Data Book 



3-28 



VoL 33 




±lSinV ADJUSTMENT 
AT THE OUTPUT 



FIGURE 3. Optional Offset Nulling 

It is important to not exceed the input amplifiers' 
dynamic range. The amplified differential input signal 
and its associated common-mode voltage should not 
cause the output of Ai or A2 to exceed approximately 
±12V with ±15V supplies or nonlinear operation will 
result. To protect against moisture, especially in high 
gain, sealing compound may be used. Current injected 
into the offset pins should be minimized. 

OPTIONAL FILTERiNG 

The IN A 102 has provisions for accomplishing filtering 
with one external capacitor between pins 11 and 13. This 
single-pole filter can be used to reduce noise outside the 
signal bandwidth, but with some degradation to AC 
CMR. 

When it is important to preserve CMR versus frequency 
(especially at 60Hz), two capacitors should be used. The 
additional capacitor is connected between pins 8 and 10. 
This will maintain a balance of impedances in the output 
stage. Either of these capacitors could also be trimmed 
slightly, to maximize CMR, if desired. Note that their 
ratio tracking will affect CMR over temperature. 




PROCEDURE: 
. CONNECT CMV 
TO BOTH INPUTS. 

2. ADJUST POT 
FOR NEAR ZERO 
AT THE OUTPUT. 



FIGURE 4. Optional Circuit for Externally Trimming CMR. 

OPTIONAL COMMON-MODE REJECTION TRIM 

The IN A 102 is laser-adjusted during manufacturing to 
assure high CMR. However, if desired, a small resistance 
can be added in series with pin 10 to trim the CMR to an 
improved level. Depending upon the nature of the 
internal imbalances, either a positive or negative resis- 
tance value could be required. The circuit shown in 
Figure 4 acts as a bipolar potentiometer and allows easy 
adjustment of CMR. 

TYPICAL APPLICATIONS 

Many applications of instrumentation amplifiers involve 
the amplification of low-level differential signals from 
bridges and transducers such as strain gauges, thermo- 
couples, and RTDs. Some of the important parameters 
include common-mode rejection (differential cancellation 
of common-mode offset and noise, see Figure 1), input 
impedance, offset voltage and drift, gain accuracy, line- 
arity, and noise. The INAI02 accomplishes all of these 
with high precision at surprisingly low-quiescent current. 
However, in higher gains (>100), the bias current can 
cause a large offset error at the output. This can saturate 
the output unless the source impedance is separated, e.g., 
two 500kn paths instead of one IMO unbalanced input. 
Figures 5 through 16 show some typical applications 
circuits. 




I I 
I I 
I I 
! I 



SHIELD 



^^^ ' '-f..^.. 
^ 



OPTIONAL 
OFFSET 
ADJUST 
lOOkfl 




EouT = 1000 (E2 - El) 

INA102 REPLACES CLASSICAL THREE-OPAMP 
INSTRUMENTATION AMPLIFIER. 



FIGURE 5. Amplification of a Differential Voltage from a Resistance Bridge. 



Burr-Brown IC Data Book 



3-29 



Vol 33 
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EouT = G (AEin) 

= 1 + [40k/|Re + Ry)] 
Rg = [40k-RY|G-l)]/|G-1) 



V CUII 



SHIELD 




t-15V 



Y = either pin 2. 3, or 4 
Ry « 4.4kO. 404Q. or 40n in gains 
of 10. 100. or 1000 respectively 



i: Gain drift will be higtier than that 
specified with internal resistors on 



FIGURE 6. Amplification of a Transfornier-Coupled Analog Signal Using External Gain Set. 
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FIGURE 7. Isolated Thermocouple Amplifier with Cold Junction Compensation. 
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FIGURE 8. ECG Amplifier or Recorder Preamp for Biological Signals. 
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FIGURE 9. Single Supply Low Power Instrumentation Amplifier. 
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ISOLATION AMPLIFIER 

1<T EOUT 



+15VDC 



*DOES NOT REQUIRE EXTERNAL 
ISOLATION POWER SUPPLY 



+15VDC 



Note that X1000 gain sense has not been 
used to facilitate simple switching. 
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COMMON 722 
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COMMON 



- -15VDC 



FIGURE 10. Precision Isolated Instrumentation Amplifier. 




*As shown channels 
and 1 may be used 
for auto offset 

zeroing, and gain calibration 
respectively. 
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FIGURE II. Multiple Channel Precision Instrumentation Amplifier with Programmable Gain. 
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FIGURE 12. 4mA to 20mA Bridge Transmitter Using Single Supply Instrumentation Amplifier. 
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FIGURE 13. Programmable-Gain Instrumentation Amplifier Using the INA102 and PGA102. 




FIGURE 14. Ground Resistance Loop Eliminator (INA102 senses and amplifies Vi accurately). 
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FIGURE 15. Differential Input/ Differential Output Amplifier (twice the gain of one INA). 
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FIGURE 16. Auto-Zeroing Instrurnentation Amplifier Circuit. 
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Very-High Accuracy 
INSTRUMENTATION AMPLIFIER 



FEATURES 

• VERSATILE FOUR-OP AMP DESIGN 

• ULTRA-LOW VOLTAGE DRIFT - 0.25mV/«C. max 

• LOW OFFSET VOLTAGE - 25/uV, max 

• LOW NONLINEARITY • 0.002%. max 

• LOW NOISE - lanV/s/Hz at Iq = IkHz 

• HIGH CMR-IOOdB at 60Hz. min 

• HIGH INPUT IMPEDANCE -lOlOn 

• LOW COST 



APPLICATIONS 

• AMPLIFICATION OF SIGNALS 
FROM SOURCES SUCH AS: 

Strain Gages 

Thermocouples 

RTDs 

• REMOTE TRANSDUCER AMPLIFIER 

• LOW LEVEL SIGNAL CONDITIONER 

• MEDICAL INSTRUMENTATION 



DESCRIPTION 

The IN A 104 is a high accuracy, multistage, inte- 
grated-circuit instrumentation amplifier designed for 
signal conditioning requirements where very-high 
performance is desired. 

A multiamplifier, monolithic design, which uses 
Burr-Brown's ultra-low drift, low noise technology, 
provides the highest performance with maximum 
versatility at the lowest cost and this makes the 
IN A 104 ideal for even high volume applications. 



Burr-Brown's compatible thin-film resistors and 
state-of-the-art wafer level laser-trimming techniques 
are used for minimizing offset voltage and temper- 
ature drift. This advanced technique also maximized 
common-mode rejection and gain accuracy. 

The IN A 104 also contains a fourth operational 
amplifier, specified separately, which can conven- 
iently be used for some important applications such 
as single capacitor active low-pass filtering, easy 
output level shifting. Common-mode voltage active 
guard drive, and increased gain (x 10,000 and greater). 



A3 0UTPUTi 



FEEDBACK RESISTOR 




A4 
OUTPUT 



OFFSET ADJUST -^vqq 

NOTE: +tN AND -IN ARE WITH RESPECT TO A3 OUTPUT. 
IF A4 IS USED INVERTING. +IN AND -IN ARE REVERSED. 



A4 NONINVERTING INPUT 
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SPECIFICATIONS 



ELECTRICAL 

At Ta = +25°C with ±15VDC power supply and in circuit of Figure 1 unless otherwise noted 



MODEL 




INA104BM/SM/JP 


INA104CM/KP 


UNITS 1 


MIN 1 TYP 


MAX 


MINI TYP 1 MAX 


MINI TYP 


MAX 


INSTRUMENTATION AMPLIFIER | 


GAIN 






















Range of Gam 


1 




1000 


• 












v/v 


Gain Equation 




G = 1 + (40k/RG) 
















v/v 


Error From Equation, DC(i) 




±(0 08-0 05/G) 


±(015-01/G) 




* 










% of FS 


Gam Temp Coefficient(2) 






















G = 1 




2 


5 














ppm/°C 


G = 10 




20 


100 










-10 


-50 


ppm/°C 


G=100 




22 


110 










-11 


-55 


ppm/°C 


G=1000 




22 


110 










-11 


-55 


ppm/°C 


Nonlmeanty, DC 




±(0 002 + 10"^G) 


+(0 005 + 2X10-=G) 




+(0 001 
+ 10'^G) 


±(0 002 
+ 10"'G) 




+(0 001 
+ 10"*G) 


±(0 002 
+ 10-^G) 


% of p-p FS 


RATED OUTPUT 






















Voltage 


±10 


+11 5, -12 5 
















V 


Current 


±5 


+115. -12 5 
















mA 


Output Impedance 




02 
















il 


INPUT OFFSET VOLTAGE 






















Initial Offset at +25°C(3) 




±25 ±200/G 


±50 ±400/G 




±10±100/G 


±25 ±200/G 




±10±100/G 


±25 ±200/G 


mV 


vs Temperature 






±2 ±20/G 






±0 75 ±10/G 






±0 25 ±10/G 


mV/°C 


vs Supply 




±(1 + 50/G) 
















mV/v 


vs Time 




±(1 + 20/G) 
















liV/mo 


INPUT BIAS CURRENT 






















Initial Bias Current 




±15 


±30 




±10 






±5 


±20 


nA 


each input 






















vs Temperature 




±0.2 
















nA/°C 


vs Supply 




±0.1 
















nA/V 


Initial Offset Current 




±5 


±30 




±2 






±2 


±20 


nA 


vs Temperature 




±0 5 
















nA/°C 


INPUT IMPEDANCE 






















Differential 




1010 11 3 
















n II pF 


Common-mode 




1010 113 
















nil pF 


INPUT VOLTAGE RANGE 






















Range, Linear Response 


±10 


















V 


CMR with 1kfl Source Imbal 






















DC to 60Hz, G = 1 


80 


90 
















dB 


DCto60Hz, G = 10 


96 


106 
















dB 


DCto60Hz, G = 100to1000 


106 


110 




* 












dB 


INPUT NOISE 






















Input Voltage Noise 






















fe = 01Hz to lOHz 




08 
















juV, p-p 


Density, G = 1000 






















fo=10Hz 




18 
















nV/v/iHz 


fo- 100Hz 




15 
















nV/v^ 


fo=1kHz 




13 
















nV/VHz 


Input Current Noise 






















fB = 01Hz to 10Hz 




50 
















pA, p-p 


Density 






















fo=10Hz 




08 
















pA/VHz 


fo = 100Hz 




46 
















pa/v/Th^ 


fo=1kHz 




35 
















pA/>yhE 


DYNAMIC RESPONSE 






















Small Signal, ±3dB FIdtness 






















G = 1 




300 
















kHz 


G = 10 




140 
















kHz 


G = 100 




25 
















kHz 


G = 1000 




25 
















kHz 


Small Signal, ±1% Flatness 






















G = 1 




20 
















kHz 


G = 10 




10 
















kHz 


G = 100 




1 
















kHz 


G = 1000 




200 
















Hz 


Full Power, G = 1 - 100 




6.4 
















kHz 


Slew Rate, G = 1 - 100 


02 


04 
















V//usec 


Settling Time (0.1%i 






















G = 1 




30 


40 














Msec 


G = 100 




40 


55 














Msec 


G=1000 




350 


470 






* 








Msec 


Settling Time (0.01%) 






















G = 1 




30 


45 












* 


Msec 


G = 100 




50 


70 














Msec 






500 


650 


„^^^ 










* 


Msec 
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ELECTRICAL (CONT) 



MODEL 


INA104AM/HP 


INA104BM/SM/JP 


INA104CM/KP 


UNITS J 


MIN| TYP 1 MAX 


MIN| TYP 1 MAX 


MIN| TYP 1 MAX 


OUTPUT AMPLIFIER, A^ | 


OPEN-LOOP GAIN, Vo = ±100 
Rated Load Rl > 2k(l 
RL>10kIl 


100 
110 


115 
125 
















dB 
dB 


RATED OUTPUT 

Voltage at Rl = 2kXl 
Rl - lOkll 
Current 

Output Impedance 
Load Capacitance unity-gain 
inverting i 
Short Circuit Current 


10 
5 


+13. -14 5 

+13, -14 5 

75 

2 

2000 
10 
















V 

V 

mA 
kll 

pF 
mA 


FREQUENCY RESPONSE 

Unity Gam, Small Signal 

Full Power 

Slew Rate 

Settling Time (unity gam) 

1% 

01% 


35 


1 

9 

55 

37 
40 
















MHz 

kHz 

V/Msec 

Msec 
Msec 


INPUT OFFSET VOLTAGE 

Initial, Ta ^ +25°C 
vs Temperature 




±1 

±5 


±2 














mV 
mV/°C 


INPUT BIAS CURRENT 




+55 


+150 




* 


* 




* 


* 


nA 


INPUT IMPEDANCE 

Differential 
Common-Mode 




500 
100 






; 










kil 

Mn 


RESISTORS, lOkfl 
Accuracy 

Drift 
Ratio Match 

Drift 




05 

30 

06 

5 


5 
50 

012 














% 
ppm/°C 

% 
ppm/«C 


INPUT VOLTAGE NOISE 

Fb = IHz to lOHz 
Density 

fo = 10Hz 

fo - 100Hz 

fo = 1kHz 




15 

35 
33 
32 
















mV,P-P 

nVv'Hz 
nVx/hiz 
nVx/Hz 


POWER SUPPLY, TOTAL 

Rated Voltage 
Voltage Range 
Current, Quiescent 


±5 


±15 
±8.1 


±20 
±9 6 














V 
V 
mA 


TEMPERATURE RANGE 

Specification 
INA104HP/JP/KP 
INA104AM/BM/CM 
INA104SM 

Operation 
INA104HP/JP/KP 
INA104AM/BM/CM/SM 

Storage 
INA104HP/JP/KP 
INA104AM/BM/CM/SM 
«J-C 
ej-A 



-25 
-55 

-40 
-55 

-40 
-65 


115 
350 


+70 
+85 
+125 

+85 

+125 

+85 

+150 














°C 

°c 

■ °c 

°c 
°c 

°c 

°c 

o^c/w 

0°C/W ' 



•Specifications same as for INA104HP 

NOTES. 

1 Typically the tolerance of Rg will be the major source of gam error 2 Not including the TCR of Rg 3 Adjustable to zero at any one gam 
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MECHANICAL 



METAL HERMETIC DIP 



PLASTIC DIP 



£ 





DIM 


INCHES 


MILLIMETERS 1 




MIN 


MAX 


MIN 


MAX 


1 


A 


1 060 


1080 


26 92 


27 43 


1 


B 


490 


510 


12 45 


12 95 


C 




250 




6 35 


D 


016 


021 


41 


63 


G 


100 BASIC 


2 54 BASIC 




H 


115 1 156 


2 92 1 3 94 




K 


160 1 300 


381 1 7 62 


= m 1 




300 BASIC 






R 


080 1 120 


2 03 1 3 06 



r 



TTTTTTT 



i 






r; 



NOTE Leads in true 
position within 01" 
( 25mm) R at MMC at 
seating plane 

Pin numbers shown for 
reference only 
Numbers are not 
marked on package 



£ 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


990 


1 010 


25 15 


25 65 


a 


490 


510 


12 45 


12 95 


c 


190 


210 


4 83 


5 33 


o 


018 


021 


46 


53 




100 BASIC 


2 S4 BASIC 


H 


080 




2 03 1 2 92 


K 


130 


300 


3 30 1 7 62 


L 


300 BASIC 


7 62 BASIC 


R 


080 1 115 


2 03 1 2 92 



rmmn 

JL ^ 



1 ^ 


* H 




u 


18 17 16 15 14 13 1? 11 10 





TT 

— H L H»— 
NOTE Leads m true 
position within 01" 
( 25mm) R at MMC at 
seating plane 
Pin numbers shown fo 
eference only 
Numbers are not 
marked on package 



o 



ABSOLUTE MAXIMUM RATINGS 




Supply ... 


+20V 


Internal Power Dissipation 


980mW 


Input Voltage Range 


±Vcc 


Operating Temperature Range 


.... -40°C to +85°C 


Storage Temperature Range 


.... -40°C to +85°C 


Lead Temperature (soldering, 10 seconds) . . . 


+300°C 


Output Short-Circuit Duration 


Continuous to ground 



ORDERING INFORMATION 



PIN DESIGNATIONS 



1 GAIN SENSE 




1 


2 +IN 


(TOP VIEW) 1 


3 NEGATIVE SUPPLY 

4 COMMON-MODE VOLTAGE SENSE 








01 


180 




5 GAIN 








6 COMMON 


02 


170 




7 NONINVERTING INPUT TO A4 


03 


160 




8 OUTPUT 


04 


150 




9 FEEDBACK RESISTOR 


05 


140 




10 OUTPUT OF A4 


6 


13 
120 




11 FEEDBACK RESISTOR 


07 




12 SUMMINGJUNCTIONOFA4 




13 POSITIVE SUPPLY 


08 


110 




14 GAIN 


09 


100 




15 OFFSET ADJUST 

16 OFFSET ADJUST 














17 -IN 






18 GAINSENSE 







Basic Model Number- 



T 



Performance Grade Code - 
H, J. K 0°C to +70°C 
A, B, C -25°C to +85°C 
S -55°C to +125°C 



Package Code 




P - Plastic DIP 




M - Metal Hermetic DIP 


Plastic DIP 


Metal DIP 


(Hybripak) 


INA104AM 


INA104HP 


INA104BM 


INA104JP 


INA104CM 


INA104KP 


INA104SM 



(0 
Ul 



< 

z 
g 

H 
Z 
UJ 

S 

QC 

I- 
(0 



TYPrCAL PERFORMANCE CURVES 

At -t-25°C, ±Vcc = 15VDC, and in circuit of Figure 1 unless otherwise specified 

GAIN NONLINEARITY VS GAIN CMR VS SOURCE IMBALANCE 



TOTAL OFFSET VOLTAGE 
DRIFT VS GAIN 







^ 


Max 




/ 


Typ 









10 100 

Gam (V/V) 





,,.,^G = 100- 


1000 


3i^ 


-G - 100 
_ - 1000 


G= 10 




G = 10 








G = 1 






G = 1 








^ 


60H 








DC 





3 2 10 32 100 

Source Resistance Imbalance (KO) 




10 100 1000 

Gain (V/V) 
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GAIN VS FREQUENCY 



CMR VS FREQUENCY 



GAIN ERROR VS FREQUENCY 



CD 20 



G = 1000 








G=100 


^ 


\ 




G = 10 


\ 


rs 




G = 1 


1% Err( 


\ 

\ 


X 








\ 
\ 



^ 8 





. G = 100, 1000 






IZ^ 




G=10 


\ 


G = 1 




\ 








\ 


Balanced 
Source 




\ 











10% 
m 

o 

J: 1% 

tu 

c 

CO 

O 
0.1% 







/I 


/// 


G = 


Moy 


7 


/ 




4y/^ 


G=1 




G 


// 

= 10 





100 1k 10k 100k 1M 

Frequency (Hz) 

WARM-UP DRI FT VS TIME 



10 100 Ik 

Frequency (Hz) 



QUIESCENT CURRENT VS SUPPLY 



100 Ik 10k 

Frequency (Hz) 

STEP RESPONSE 



\ 










±10 

|±9 

c 

1 

±8 

1 ±7 
±6 








J 


+10 

+5 
> 

1 ° 

o 

-5 
-10 


« 


1 

G = 1 


1 








>^ 






\ 














A 


/ 


XG=1000 1 


[ 


f 




I 




\ 












J 


/ 




I 






K 




\ 


V 








i 






1 \ 






/ 












s. 


^^ 


^^^^^ 














It— 





3 6 9 12 

Time (Minutes) 



SETTLING TIME VS GAIN 



±5 ±10 ±15 

Supply Voltage (V) 



OUTPUT NOISE VS GAIN 



Rl = 2kn 
Cl = 1000p 


- 








OQ^%^llj 




^ 


^mJff 



10 100 

Gam (V/V) 




1000 
500 



100 200 300 400 500 600 
Time (//sec) 

INPUT NOISE VOLTAGE 
VS FREQUENCY 100 < GAIN < 1000 



^ 



£,100 

o> 50 



Rs 

loookn 
Rs = iokn\ I" 

RS|^ -^^ 
100 1000 



5 10 
z 

^ 5 



-^^ — 



Gam (V/V) 



10 100 

Frequency (Hz) 



DISCUSSrON 

OF PERFORMANCE 

INSTRUMENTATION AMPLIFIERS 

Instrumentation amplifiers are closed-loop gain blocks 
whose committed circuitry accurately amplifies the 
voltage applied to their inputs. They respond only to the 
difference between the two input signals and exhibit 
extremely-high input impedance, both differentially and 
common-mode. Feedback networks are packaged within 
the amplifier module. Only one external gain setting 
resistor must be added. An operational amplifier, on the 
other hand, is an open-loop, uncommitted device that 
requires external networks to close the loop. While 
operational amplifiers can be used to achieve the same 
basic function as instrumentation amplifiers, it is difficult 



to reach the same level of performance. Using operational 
amplifiers often leads to design trade-offs when it is 
necessary to amplify low level signals in the presence of 
common-mode voltages while maintaining high input 
impedances. 



THE INA104 

A simplified schematic of the INAI04 is shown on the 
first page of this data sheet. It is a three-amplifier device 
which provides all the desirable characteristics of a 
premium performance instrumentation amplifier. In ad- 
dition, it has features not normally found on integrated 
circuit instrumentation amplifiers. 

The input section (A I and A2) incorporates high per- 
formance, low drift amplifier circuitry. The amplifiers are 
connected in the noninverting configuration to provide 
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the high input impedance ( 10 fl) desirable in the instru- 
mentation amplifier function. The offset voltage and 
offset voltage versus temperature is low due to the 
monolithic design and improved even further by the 
state-of-the-art laser-trimming techniques. 
The output section (A3) is connected in a unity-gain 
difference amplifier configuration. A critical part of this 
stage is the matching of the four lOkfl resistors which 
provide the difference function. These resistors must be 
initially well matched and the matching must be main- 
tained over temperature and time in order to retain 
excellent common-mode rejection. (The l06dB minimum 
at 60H/ lor gains greater than lOOV V is a significant 
improvement compared to most other integrated circuit 
instrumentation amplifiers.) 

All of the internal resistors are compatible thin-film 
mchrome formed with the integrated circuit. The critical 
resistors are laser-trimmed to provide the desired high 
gain accuracy and common-mode rejection. Nichrome 
ensures long-term stability of trimmed resistors and 
simultaneous achievement of excellent VCR and TCR 
tracking. This provides gain accuracy and common- 
mode rejection when the IN A 104 is operated over wide 
temperature ranges. 

The fourth op-amp (A4)of the INA104addsa great deal 
of versatility and convenience to the amplifier, its use 
allows easy implementation of active low-pass filtering, 
output offsetting, and additional gain generation. The 
pin connections make the use of this stage optional and 
the specifications appear separately in the table of 
Electrical Specifications. 



USING THE INA104 

Figure 1 showsthesimplest configuration of the IN A 104. 
The gain is set by the external resistor, R(,. with a gain 
equation of G = 1 + (40K R(.). The reference and TCR of 
R(, contribute directly to the gain accuracy and drift. 
For gains greater than unity, resistor R(, is connected 
externally between pins 5 and 14. At high gains where the 
value of R(, becomes small, additional resistance (i.e., 
relays, sockets) in the R(, circuit will contribute to a gain 
error. Care should be taken to minimize this effect. 
However, this error can be virtually eliminated with the 
INAI04 by using the gain sense circuit connection. 
Pins 1,5, 14, and 1 8 are accessible so that a four-terminal 
connection can be made to R(,. (Pins I and 18 are the 
voltage sense terminals since no signal current fiows into 
the operational amplifiers' inputs.) This may be useful at 
high gains where the value of R(, becomes small. 
The optional offset adjust capability is shown in Figure 
1. The adjustment affects only the input stage component 
of the offset voltage. Thus, the null condition will be 
disturbed (if input offset is not adjusted to zero) when 
the gain is changed. Also, the input drift will be affected 
by approximately 0.31mV/°C per lOO/uV of input offset 
voltage that is trimmed. Therefore, care should be taken 
when considering use of the control for removal of other 
sources of offset. 



OPTIONAL OFFSET ADJUSTMENT PROCEDURE 

It is frequently desirable to null the input component of 
offset (Figure 1) and occasionally that of the output 



*Vcc 



I This circuit may be used as replacement for 

1 tiie single potentiometer, it will adjust offset 

I and ieave drift unchanged. 

I . •— r2N2222 




EouT=n+(40K/RG)l(E2-E,) 



^Connect pin 7 to Common 
and pin 10 to pin 1 1 wlien internal 
Amp A4 is not used. 



FIGURE 1. Basic Circuit Connection for the IN A 104 
Including Optional Input Offset Null 
Potentiometer. 
( Figure 2). The quality of the potentiometer will affect the 
results, therefore, choose one with good temperature and 
mechanical-resistance stability. The procedure is as 
follows: 

1. Set El = E: = OV (be sure a good ground return path 
exists to the input). 

2. Set the gain to the desired value (greater than 1) by 
choosing Ro. 

3. Adjust the lOOkH potentiometer in Figure 1 until the 
output reads OV ±lmV or desired setting. Note that 
the offset will change when the gain is changed. If the 
output component ot offset is to be removed or if it is 
desired to establish an intentional offset, adjust the 
lOOkn potentiometer in Figure 2 until the output 
reads OV ± 1 m V or desired setting. Note that the offset 
will not change with gain, but be sure to use a stable 
amplifier with good DC characteristics. The range of 
adjustment is ±15mV as shown. For larger ranges 
change the ratio of Ri to R2. The op amp is used to 
maintain a low resistance (<0.in) from pin 6 to 
Common to avoid CMR degradation. 

BASIC CIRCUIT CONNECTION 

The basic circuit connection for the IN A 104 is shown in 
Figure 1. The output voltage is a function of the 
differential input \oltage times the gain. 
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^8 = ^6 



EouT = n+40l(/Re)(E2-E,| + VoFFSET 




-Vcc "2<lkfl , 



*A4. INTERNAL TO THE INA104. EXTERNAL AMP 
(0PA27 OR EQUIV.) MAY ALSO BE USED. 



FIGURE 2. Optional Output Offset Nulling or 
Offsetting Using an Amplirier( Lou Impedance to Pin 6). 

Figure I does not include additional internal op amp A4. 
Power supply bypassing with a l/xF tantalum capacitor 
or equivalent is always recommended. 
In applications which do not use the fourth internal 
amplifier (A4 - pins 7, 9, 10, 1 1. and 12), pin 7 should be 
connected to Common and pins 10 and 1 1 should be 
connected together. This will prevent the output of A4 
from saturating ("locking-up") and affecting the offset of 
the instrumentation amplifier, Ai, A:, and A^. 



*Vcc 




■w 



km 



OUTPUT 



vv 



EouT = lErf2Hn+l40k/RG)l(RF/10Ml 

*NOTE: A4 inverts the output of the Instrumentation Amplifier, 
pin 8 to pin 10. Therefore the equation for EQyy shows 
E| - E2 Instead of E2-E|. 



FIGURE 3. Additional Gain From Output Stage. 



with most other IC instrumentation amplifiers as shown 
in Figure 4. The use of the extra internal op amp, A4, 
means that CM R of the instrument amp is not disturbed, 
and that a convenient value of variable resistor can be 
used. The circuit shown in Figure 2 can also be used to 
achieve the desired offsetting by scaling the resistors Ri 
and R:. A low impedance path from pin 6 to Common 
should be provided to achieve the high CMR specified. 
Resistance above 0.1(1 will cause the CMR to fall below 
106dB. 



TYPrCAL APPLICATIONS 

Many applications of instrumentation amplifiers involve 
the amplification of low-level differential signals from 
bridges and transducers such as strain gages, thermo- 
couples, and RTD's. Some of the important parameters 
include common-mode rejection (differential cancellation 
of common-mode offset and noise), input impedance, 
offset voltage and drift, gain accuracy, linearity, and 
noise. The IN A 104 accomplishes all of these with high 
precision. 

Figures 3 through 13 show some typical applications 
circuits. 

Figure 3 shows how the output stage may be. used to 
provide additional gain. If gains greater than lOOOV V 
( 10,000 up to 100,000 and greater) are desired it is better 
to place some gain in the output amplifier rather than the 
input stage due to the low values of R(, required (R(, < 
40n for (1 -f 40k R(,) > 1000). Note, however, that 
accuracy can degrade due to very-high amplification of 
offset, drift, and noise errors. 

Output offsetting ("zero suppression"or "zero elevation") 
may be more easily accomplished with the INA 104 than 



*vcc 




^OUT 



R = a convenient value 
KlOOkii typically) 

Eout = IEl-W*I^Ok/Re)| + 2VREF 
*NOTE: A4 inverts, see Figure 3. 



FIGURE 4. Output Offsetting. 
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,*Vcc 




< 

Z 



■vccf 



'Internal Op-Amp. A4, or 
External Amp (0PA27 or equivalent). 

%T = IE2 - E, + (EcM/CMRRlin + 40k/RG) 



0) 
DC 
UJ 

LL 



FIGURE 5. Use of Guard Drive. 



Amplifier A4 also allows active low-pass filtering to be 
implemented conveniently with a single capacitor. 
Filtering can be used for noise reduction or band-limiting 
of the output signal as shown in Figure 6. 

The common-mode voltage from the 26kfl resistors in 
the input section appears at pin 4. Figure 5 shows how 
this voltage can be used to drive the shield of the input 
cable. Since the cable is driven at the common-mode 
voltage, the effects of distributed capacitance is reduced 
and the AC system common-mode rejection may be 
improved. Amplifier A4 buffers the CMV at pin 4 from 
the input cable. 



Eiin( 



"g: 



^M 



fp = (l/27rC,l04)Hz 
Cf In farads used with A4 
Cf 

-Ht— 




-vcci 



wn 



vv 



^out = (^1 • ^2)111 * m/hmm *2ni 10* x C|)i 

"NOTE: A4 inverts, see Figure 3. 




FIGURE 7. Output Power Boosting. 



'Internal Op Amp. A4 or External Amp 
I0PA27GZ or equivalent). 

'CMRTRIMM2x-l)Rv/|l+ArR^/R) 

TRIM CMR TO 130dB + 




^OUT 



Ikn Jl^«V R Ikn 
RCWR.TRIM R 20n ika R ^ 

Multiple feedback gives potentiometer control over a variable resistance that is 
bipolar, allowing ±CMR trim. 



< 
z 

o 

z 

Ul 

s 



FIGURE 6. Active Low Pass Filtering. 



FIGURES. CMR Trim. 
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*vcc 




V 

TRAMSOUCER » cTK a 
ORSENSOR <-W --. 

^7 DCfilSTAUrcS.^ 


..- ^^^. 17 


"iif: 


OPTIONAL 
OFFSET 
ADJUST 
lOOkn 


Eo = I1*(40k/R6ll(E2E|) 

9 






DGE"7^E2 


/ \ / I J_ 

^i ii i-C 


-l^sJJ5 

iNA104 


16 
6 








SHIELD^ 


I 














♦vcc 








^ 



FIGURE 9. Amplification of a Differential Voltage from a Resistance Bridge. 



TRANSDUCER OR 
ANALOG SIGNAL 



ffi 




NOISE (60Hz HUM) 



=1 



— r — ^ 7- 

/ \ / 

/ \ / 

' 1 ' 

I ' I 

I I I 

\ I 






TRANSFORMER ^2 ^ ~ 

NOISE (60Hz HUM) 



\ 
SHIELD 



*vcc 




•vcc 



^OUTI 

o 



tOUT2 



*GUARD DRIVE COULD BE USED TO IMPROVE CIRCUIT AC CMa SEE FIGURE 5. 



FIGURE 10. Amplification of a Transformer Coupled Analog Signal. 
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HIGH VOLTAGE 
PROTECTION 
DIODES ARE IN4S9 



+15VDC (from isolation power supply with bypassing) 



G = 100a 




outIVp-p 


TO ISOLATION 
STAGE 



IMn 



V _ 

-15V0C V 
Ifrom isolated 
IMii - lOMd power supply 
with bypassing) 



'INTERNAL OP AMP. A4. OR EXTERNAL AMP (0PA27GZ OR EQUIVALENT). RIGHT LEG DRIVER AMP GIVES HIGHER AC CMR. 



FIGURE 11. ECG Amplifier or Recorder Preamp for Biological Signals. 



^^IN < Rg 




ISOLATION AMPLIFIER 



IS0 100. 

3650. 

OR 

3656(1) 



\>- 



+15VDC 



^OUT 



•H15VDC 



ISOLATION POWER SUPPLY 
722 



OUTPUT 
COMMON 



*BYPASS AS SHOWN IN FIGURE 1 (1) DOES NOT REQUIRE AN EXTERNAL ISO P/S 



1 

-15VDC 



FIGURE 12. Precision Isolated Instrumentation Amplifier. 
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CHANNEL SELECT 



GAIN SELECT 




CONTROL LOGIC 



^OUT 



*VhefANO GROUND 
MAY BE USED FOR 
ERROR CORRECTION 



NOTE THAT 6 EXTRA OP AMPS ARE AVAILABLE. ONE FROM EACH INA104 



FIGURE 13. Multiple Channel Precision Instrumentation Amplifier. 

GENERAL RECOMMENDED HANDLING 
PROCEDURES FOR INTEGRATED CIRCUITS 

All semiconductor devices are vulnerable, in varying 
degrees, to damage from the discharge of electrostatic 
energy. Such damaging can cause performance degrad- 
ation or failure, either immediate or latent. As a general 
practice we recommend the following handling pro- 
cedures to reduce the risk of electrostatic damage. 

1. Remove static-generating materials, such as untested 
plastics, from all areas that handle microcircuits. 

2. Ground all operators, equipment, and work stations. 

3. Transport and ship microcircuits, or products in- 
corporating microcircuits, in static-free, shielded 
containers. 

4. Connect together all leads of each device by means of a 
conductive material, when the device is not connected 
into a circuit. 

5. Control relative humidity to as high a value as 
practical (50% is recommended). 
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BURR-BROWN® 




INA105 



AVAILABLE IN 
DIE FORM 



Precision Unity Gain 
DIFFERENTIAL AMPLIFIER 



FEATURES 

• CMR 86dB min over temp 

• GAIN ERROR 0.01% max 

• NONLINEARITY 0.001% max 

• NO EXTERNAL ADJUSTMENTS REQUIRED 

• EASY TO USE 

• COMPLETE SOLUTION 

• HIGHLY VERSATILE 

• LOW COST 

• TO-99 HERMETIC METAL LOW COST PLASTIC DIP, 
AND SMALL OUTLINE PACKAGES 

APPLICATIONS 

• DIFFERENTIAL AMPLIFIER 

• BASIC INSTRUMENTATION AMPLIFIER BUILDING 
BLOCK 

• UNITY-GAIN INVERTING AMPLIFIER 

• GAIN-OF-1/2 AMPLIFIER 

• NONINVERTING GAIN-OF-2 AMPLIFIER 

• AVERAGE VALUE AMPLIFIER 

• ABSOLUTE VALUE AMPLIFIER 

• SUMMING AMPLIFIER 

• SYNCHRONOUS DEMODULATOR 

• CURRENT RECEIVER WITH COMPLIANCE TO RAILS 

• 4mA to 20mA TRANSMITTER 

• VOLTAGE-CONTROLLED CURRENT SOURCE 

• ALL-PASS FILTERS 



DESCRIPTION 

The INA105 is a precision unity-gain differential 
amplifier. As a monolithic circuit, it offers high reli- 
ability at low cost. It consists of a premium grade 
operational amplifier and an on-chip precision resis- 
tor network. 

As a special feature, the INA105 can drive 20mA 
from the positive supply. This simplifies construc- 
tion of 4mA to 20mA current sources and transmit- 
ters. 

The INA105 is completely self-contained and offers 
the user a highly versatile function. No adjustments 
to gain, offset, and CMR are necessary. This pro- 
vides three important advantages: (1) lower initial 
design engineering time, (2) lower manufacturing 
assembly time and cost, and (3) easy cost-effective 
field repair of a precision circuit. 
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SPECIFICATIONS 

ELECTRICAL 

At +25°C, Vcc = ±15V unless otherwise noted. 



PARAMETER 


CONDITIONS 


INA10SAM 


INA105BM 


INA105KP/KU 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


GAIN 
























Initial"' 






1 






* 






* 




v/v 


Error 






005 


0.01 










01 


025 


% 


vs Temperature 






1 


5 




* 


* 








ppm/°C 


Nbnlinearity'^' 






0002 


0.001 




* 


* 








% 


OUTPUT 
























Rated Voltage 


lo = +20mA, -5mA 


10 


12 




* 


* 




* 






V 


Rated Current 


£o = 10V 


+20, -5 


















mA 


Impedance 






0.01 






* 










Q 


Current Limit 


To common 




+40/-10 
















mA 


Capacitive Load 


Stable operation 




1000 
















PF 


INPUT 
























Impedance"' 


Differential 
Common-mode 




50 
50 






* 










kQ 
kO 


Voltage Range'*' 


Differential 
Common-mode 


±10 
±20 






: 






. 






V 
V 


Common-mode Rejection'^' 


Ta = Tmin to Tmax 


80 


90 




86 


100 




72 






dB 


OFFSET VOLTAGE 


pT-0,6..7. 






















Initial 






50 


250 






* 






500 


)"V 


vs Temperature 






5 


20 




5 


10 








fj\/rc 


vs Supply 


±Vcc = 6V to 18V 




1 


25 






15 








/iV/V 


vs Time 






20 






* 










yuV/mo 


OUTPUT NOISE VOLTAGE 


RT0'^"«' 






















Fb = 01Hz to 10Hz 






24 






* 










/iVp-p 


Fo= 10kHz 






60 






* 










nV/\/Hz 


DYNAMIC RESPONSE 
























Small Signal 


-3dB 




1 
















MHz 


Full Power BW 


Vo = 20V p-p 


30 


50 




* 












kHz 


Slew Rate 




2 


3 










* 






V/a»s 


Settling Time. 0.1% 


Vo = 10V step 




4 






* 










flS 


0.01% 


Vo= 10V step 




5 
















fJis 


0.01% 


VcM = 10V step. Vdiff = OV 




1 5 






* 










//s 


POWER SUPPLY 
























Rated 






±15 






* 










V 


Voltage Range 


Derated performance 


±5 . 




±18 


* 




* 


* 






V 


Quiescent Current 


VouT = OV 




±1.5 


±2 












* 


mA 


TEMPERATURE RANGE 
























Specification 




-25 




+85 


* 




* 







+70 


°C 


Operation 




-55 




+125 


„ * 




* 


-25 




+85 


»C 


Storage 




-65 




+150 


* 




* 


-40 




+85 


°C 



* Specification same as for INA105AM 

NOTES. (1) Connected as difference amplifier (see Figure 4). (2) Nonlinearity is the maximum peak deviation from the best-fit straight line as a percent of full-scale 
peak-to-peak output (3) 25kn resistors are ratio matched but have ±20% absolute value. (4) Maximum input voltage without protection is 10V more than either 
±15V supply (±25V) Limit Iin to 1mA (5) With zero source impedance (see Maintaining CMR section). (6) Referred to output in unity-gain difference 
configuration. Note that this circuit has a gam of 2 for the operational amplifier's offset voltage and noise voltage. (7) Includes effects of amplifier's input bias and 
offset currents (8) IncluQJes effects of amplifier's input current noise and thermal noise contribution of resistor network. 



ABSOLUTE MAXIMUM RATINGS 



ORDERING INFORMATION 



Supply ±18V 

Input Voltage Range ±Vcc 

Operating Temperature Range: M -55*C to +125*'C 

P. U -40<*Cto+85X 

Storage Temperature Range — SS^C to +150"*C 

Lead Temperature (soldering 10 seconds) M, P +300°C 

Wave Soldering (3 seconds, max) U +260*'C 

Output Short Circuit to Common Continuous 



Model 


Package 


Range 


iNAi05AM 
INA105BM 
INA105KP 
INA105KU 


Metal TO-99 
Metal TO-99 
Plastic D|P 
Plastic SOIC 


-25»Cto+85''C 
-25»Cto+85»C 
0°Cto+70°C 
O'Cto+TO^C 


BURN-IN SCREENING OPTION 

See text for details. 


Model 


Package 


Burn-In Temp. 
(160h)"' 


INA105AM-BI 
INA105BM-BI 
INA105KP-BI 
INA105KU-BI 


Metal TO-99 
Metal TO-99 
Plastic DIP 
Plastic SOIC 


+125°C 
+125'>C 
+85" C 
+85° C 



NOTE' (1) Or eqtJivalent combination. See text 
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PIN DESIGNATIONS 




Case connected to -Vcc internally Make no connection 



TOP VIEW 
PLASTIC DIP AND SMALL OUTLINE 



-In 2| 

+ln 
-Vcc 4 



0) 



4[ I 



l>^i 



Js No Internal 
Connection 

]? +Vcc 



6 Output 
1 5 Sense 



NOTE' (1) Peformance grade identifier box for small outline 
surface mount Blank indicates K grade Part is marked INA105U 



MECHANICAL 



"P" Package— Plastic DIP 




NOTE Leads in true position 
within 01" (0 25mm) R at MMC 
at seating plane 

Pin material and plating 
composition conform to Method 
2003 (solderabihty) of MIL-STD- 
883 (except paragraph 3 2) 



"'"JL^ 



DIM 


INCHES 


MILLIMETERS ' 


MIN 


MAX 


MIN 


MAX 


A 


355 


400 


9 03 


1016 


Ai 


340 


385 


8 65 


9 80 


B 


230 


290 


5 85 


7 38 


Bi 


200 


250 


5 09 


6 36 


c 


120 


200 


3 05 


5 09 


D 


015 


023 


38 


59 


F 


030 


070 


76 


178 


G 


100 BASIC 


2 54 BASIC 


H 


025 


050 


64 


127 


J 


008 


015 


20 


0.38 


K 


070 


150 


178 


3 82 


L 


300 BASIC 


7 63 BASIC 


M 


0° 


15° 


0° 


15° 


N 


010 


030 


25 


76 


P 


025 


050 


64 


127 



Small Outline Surface Mount 








NOTE Leads in true position 
within 010" ( 25mm) R at MMC 
at seating plane 

J 










Performance 
Grade 

Identifier Box — 
Pin 1 Identifier — 


n n n 


DIM 


INCHES 


MILLIMETERS 




MIN 


MAX 


MIN 


MAX 


A 


185 


201 


4.70 


511 


Ai 


178 


201 


4 52 


511 


-■ 


t ! 

B, B 

\ 1 


B 


146 


162 


3 71 


411 


Bi 


130 


149 


3 30 


3 78 


C 


054 


145 


137 


3 69 


D 


015 


019 


38 


48 




1 ^ 


G 


050 BASIC 


1 27 E ASIC 




Ti u B 


**" 


H 


018 


026 


46 


66 


* Pin 1 — ,_ 


J 


008 


012 


20 


30 


L 


220 


252 


5 59 


6 40 


M 


0° 


10° 


0° 


10° 






N 


000 


012 


00 


30 






I c 


M r 


\ . ^ 












iri'r~ 


IF 


kfS^i^ 


1 




Uj 


U- 


—^ 



















■^ 






[ 

< 


L 

A 

T- 


^rrtr 


=r-i 










TO-99 Package 


DIM 


INCHES 


MILLIMETERS 




MIN 


MAX 


MIN 


MAX 


\ 


— A— ^ 


A 


335 


370 


8 51 


9 40 


r-M 




B 


305 


335 


7 75 


8 51 


c 


165 


185 


419 


4 70 




1 ' 


D 


016 


021 


41 


53 




NOTE Leads in true position 
within 010" ( 25mm) R at MMC 
at seating plane 


E 


010 


040 


25 


102 


UT 






fJ 


F 


010 


040 


25 


102 


G 


200 BASIC 


5 08 BASIC 


H 


028 


034 


71 


86 


J 


029 


045 


74 


1 14 


K 


500 




127 


_ 


L 


110 


160^ 


2 79 


4 06 


M 


45° BASIC 


45° BASIC 


Plane -• 






U — D 


N 


095 1 105 


2 41 1 2 67 
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TYPICAL PERFORMANCE CURVES 

Ta = 25° C, ±Vcc = 15VDC unless otherwise noted 



STEP RESPONSE 




SMALL SIGNAL RESPONSE 
(No Load) 



Time (yws) 




Time (fjis) 



-17 5 
-15 
-12 5 
; -10 
?-7 5 
-5 
-2 5 



MAXIMUM VouT VS loi 
(Negative Swing) 





1 1 


"^ 






Vs = ±18V 










-H 






V^ 


= ±1f 








U 


— 1 






— Vs 


= ±1 


2V ~^ 
























^-^ 






V 


3 = ±£ 


\^ 














-4 -6 -8 
-louT (mA) 



175 
15 

125 

10 

75 

5 

25 



MAXIMUM VouT VS I out 
(Positive Swing) 



CMR VS FREQUENCY 





I 1 1 

Vs = ±18V 








/s = ±15V 








' 




— 


1 




^ 








--> 








""""^ 














J 




Vs = 


±5V. 






1 

-1 









, , ■ J 


— 







12 18 24 30 
louT (mA) 



O -80 





BM 






AM, KP, 


j\ 








A^ 










\ 








\ 



100 Ik 10k 

Frequency (Hz) 



POWER SUPPLY REJECTION 
VS FREQUENCY 






10 100 Ik 10k 

Frequency (Hz) 



COMMON-MODE INPUT RANGE VS SUPPLY 
(Difference Amplifier Connected, Vout = 0) 











J 










i^ 


r 






.^ 




r 








;^ 


r 








^ 


/ 























6 9 12 15 18 

Supply Voltage (V) 



BURN-IN SCREENING 

Burn-in screening is an option available for both the 
plastic- and ceramic-packaged INA105. Burn-in duration 
is 160 hours at the temperature shown below (or 
equivalent combination of time and temperature). 

Plastic "-BI" models: +85° C 
Ceramic "-BI" models: +125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BF'to the 
base model number. 



DISCUSSION OF 
PERFORMANCE 

The INA105 is the new solution to a widely occurring 
problem— how to realize a very accurate unity-gain dif- 
ferential amplifier at low cost. Burr-Brown's solution is a 
reliable monolithic circuit including both operational 
amplifier and thin-film resistors on the chip. State-of- 
the-art laser-trimming techniques assure total error of 
less than ±0.015% (gain error, nonlinearity, offsets, and 
common-mode rejection). 
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The performance of the unity-gain differential amplifier 
circuit can mistakenly be taken for granted. The neces- 
sary resistor accuracy is difficult to achieve, especially 
over temperature. Two classical techniques employed for 
obtaining the necessary .accuracy are either manual 
trimming or the use of available packaged matched and 
tracking resistor networks. B6th are expensive compared 
to the cost of the complete IN A 105. 

The INAI05 provides the total solution. By using a 
computer-controlled laser-trimming procedure, both accu- 
racy and low cost are guaranteed. This makes external 
adjustment of gain, CMR, and offset voltage unneces- 
sary. The user can be assured of excellent accuracy over 
temperature due to the properties inherent in Burr- 
Brown's thin-film resistors. 

Other advantages are also apparent. Design, purchasing, 
and inventory costs are reduced. Labor time in adjusting 
independent resistors is eliminated both during manu- 
facturing and field repair. Best of all, expensive potenti- 
ometers are not required. This further enhances circuit 
reliability. 

BASIC POWER SUPPLY AND SIGNAL 
CONNECTIONS 

Figure 1 shows the proper connections for power supply 
and signal. Supplies should be decoupled with l/xF tanta- 
lum capacitors as close to the amplifier as possible. To 
avoid gain and CMR errors introduced by the external 
circuit, connect grounds as indicated, being sure to min- 
imize ground resistance. 




FIGURE 1. Basic Power Supply and Signal 
Connections: 



OFFSET ADJUSTMENT 

Figure 2 shows the offset adjustment circuit for the 
INA105. This circuit will allow ±300/uV of adjustment 
and will not affect the gain accuracy or CMR. 



E2 

O- 



I 



Eo = E2 - Ei 
Offst Adjustment 
Range = ±300a/V 




Eo 

-O 



499kn 
— wv 



•►JIOOkQ 



iflOO 



f 

15V 



FIGURE 2. Offset Adjustment. 



MAINTAINING COMMON-MODE REJECTION 

Two factors are important in maintaining high CMR: (1) 
resistor matching and tracking (the internal INA105 cir- 
cuitry does this for the user) and (2) source impedance 
including its imbalance. 

Referring to Figure 1, the CMR depends upon the match 
of the internal R4/R3 ratio to the R1/R2 ratio. A CMR 
of lOOdB requires resistor matching of 0.002%. To main- 
tain 86dB, minimum CMR to +85°C, the resistor TCR 
tracking must be better than 2ppm/°C. These accuracies 
are difficult and expensive to reliably achieve with dis- 
crete components. 

Any source impedance adds directly to the input resis- 
tors, Ri and R3, and will degrade DC and AC CMR. 
Likewise any wiring resistance adds directly to any of the 
precision difference resistors. A resistance of O.SH 
(0.002% of 25kn) will degrade the lOOdB CMR of the 
INA105; SO will degrade the CMR to 80dB. Don't be 
tempted to interchange pins 1 and 3 or pins 2 and 5. The 
resistors in the INAI05 are carefully matched to faith- 
fully preserve the proper ratios. If they are switched, 
CMR and temperature drift performance will be degraded. 

When input filters are used preceding an instrumenta- 
tion amplifier (see Figure 5), care should also be taken to 
match RCs on the two input lines. For example, mis- 
matched input filters for high frequencies will reduce the 
CMR at lower frequencies, e.g, 60Hz. Differential filters 
will not degrade AC CMR. 
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RESISTOR NOISE IN THE INA105 

Figure 3 shows the model for calculating resistor noise in 
the 1NA105. Resistors have Johnson noise resulting from 
thermal agitation. The expression for this noise is: 

Erms = \/4KTRB 
Where: K = Boltzman's constant (J/ °K) 

T = Absolute temperature (°K) 

R = Resistance (H) 

B = Bandwidth (Hz) 




FIGURE 3. Resistor Noise Model. 

At room temperature, this noise becomes: 

En = IJ"'"" \/R (V/>/Hz) 

The three noise sources in Figure 2 are: 
Em = 1.3"''(R2/Ri) VRi 
En2 = 1.3"'" y/Ki 
En3 = 1.3"'" (1 + R2/R1) \/R3||R4 
The output noise (given Ri = R2 = R3 = R4 = 25kn) is: 
Eno = 2.6~'° VR 



Eno = 41nVRMs/\/Hz 



For example, 
Eno within a 

lOOHz BW = 410nVRMs 

= 2460nVp-p with a crest factor of 6 
(statistically includes 99.7% of all 
noise peak occurrences) 
This is the noise due to the resistors alone. It is included 
in the noise specification of the INA105. 

APPLICATIONS CIRCUITS 

The IN A 105 is ideally suited for a wide range of circuit 
functions. Figures 4 through 29 show many applications 
circuits ranging from difference amplifiers and single- 
ended gain blocks to average and absolute value amplifi- 
ers. It is ideal as a current-loop receiver. Also, since the 
positive output current drive has been extended, it serves 
uniquely as a current transmitter for ranges such as 4mA 
to 20mA. When using these applications recall that the 
internal 25kn resistors are ratio-matched but ±20% 
absolute. 




Eo = E2 - El 
Gam Error = 005% 
CMR - lOOdB 
Nonlinearity == 0002% 



FIGURE 4. Precision Difference Amplifier. 




For low source impedance applications, an input stage using OPA37 
op amps will give the best low noise, offset, and temperature drift 
performance At source impedances above about lOkQ, the bias cur- 
rent noise of the OPA37 reacting with the input impedance begins to 
dominate the noise performance For these applications, using the 
0PA111 or Dual 0PA2111 FET input op amp will provide lower noise 
performance. For lower cost use the 0PA121 plastic To construct an 
electrometer use the OPA128 



Ai.Aa 


Ri 


Rz 

(0) 


Gain 

(V/V) 


CMRR 

(dB) 


Max 
Ib 


Noise at llcHz 

(nV/x/Hz) 


OPA37A 
0PA111B 
OPA128LM 


50 5 
202 
202 


2 5k 
10k 
10k 


100 
100 
100 


128 
110 
118 


40nA 
IpA 
75fA 


4 
10 
38 



FIGURE 5. Precision Instrumentation Amplifier. 
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-Vcc- 
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to 20mA 




FIGURE 6. Current Receiver with Compliance to Rails. 
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E.O- 




-C-o 



Eo - -Ei 

Gain Error = 01% maximum 
Nonlinearity = 001% maximum 
Gam Drift ^ 2ppm/°C 



-*'^A- 




4— O 



I J 

Eo=E, 

Gain Error = 001% maximum 



FIGURE 7. Precision Unity-Gain Inverting Amplifier. piGURE 10. Precision Unity-Gain Buffer. 
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FIGURE 8. ±10V Precision Voltage Reference. 



+Vcc 3 
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Common i 
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FIGURE 11. Pseudoground Generator. 
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FIGURE 9. ±5V Precision Voltage Reference. 



EiO- 



E2O- 




4 — O Eo 



I J 

Eo = (Ei + E2)/2, ±0 01% maximum 



FIGURE 12. Precision Average Value Amplifier. 
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1 to +10V Output 
■^ ±2ppm/°C 




Ni. 



REF10 



T 



tov 



Output 



VFC320 0-IOkHz 

VFC100 O-Fclock/2 

DAC80 0-FS (12 bits) 

DAC703 0-FS (16 bits) 

XTR110 4-20mA 

* Unipolar Input Device 




-♦— OEo 



L. 

Eo = 2 X E, 

Gam Error = 01% maximum 

Gam Drift = 2ppm/°C 



FIGURE 15. Precision (G = 2) Amplifier. 



FIGURE 13. Precision Bipolar Offsetting. 



Transducer or 
Analog Signal 







Noise (60Hz hum) 




1 Output 



FIGURE 14. Instrumentation Amplifier Guard Drive Generator. 
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^/A— ■• V/w- 



R 3i 

— VA — •- 




>Eo 



J- I I 

Eo (S) _ _ S - 1/RC 
E, (S) S + 1/RC 



1 



FIGURE 16. All-Pass Filter (provides unity gain and 
0° to 180° phase shift output for 
frequencies of DC to <»Hz). 



E,0- 




■* OEo 



Eo = E,/2. ±0 01% 



FIGURE 19. Precision (Gain = 1/2) Amplifier. Allows 
±20V Input with ±15V Power Supplies. 




E,0- 



E2O- 



i— OEo 



I I 

Eo = El + Ez ±0 01% maximum 



FIGURE 17. Precision Summing Amplifier. 




Eo (S) _ ^ 

E, (S) ^ S + 1/RC 



FIGURE 20. All-Pass Filter (provides unity gain and 
-180° to 0° phase shift output for 
frequencies of DC to <»Hz). 



— V/V— — — • *^^w 



V r 



E10- 



E2O" 




4-0 Eo 



Eo=(R2/Ri + 1)[{Ei+E2)/2] 



FIGURE 18. Precision Summing Amplifier with Gain. 
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-/A [^ 
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FIGURE 21. Differential Output Difference Amplifier. 
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^1 
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Eo = E3 + E4 - Ei - E2 



E.O- 




-O Eo 



FIGURE 22. Precision Summing Instrumentation Amplifier. 
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E1O — I VAr- 
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I 



lo=(Ei -E2) (1/25k + 1/R) 



For R > 200fi, Figure 24 will 
provide superior performance 



-v/* 1 <• 



T 



FIGURE 23. Precision Voltage-to-Current Converter 
with Differential Inputs. 
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lo = (El - E2)/R 
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FIGURE 24. Differential Input Voltage-to-Current 
Converter for Low Iout. 
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FIGURE 25. Precision Voltage-Controlled Current 

Source with Buffered Differential Inputs 
and Gain. 




FIGURE 26. Digitally Controlled Gain of ±1 
Amplifier. 
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Conventional 

Instrumentation 
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FIGURE 27. Boosting Instrumentation Amplifier Common-Mode Range From ±5V to ±7.5V with lOV Full-Scale 
Output. 
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FIGURE 28. Precision Absolute Value Buffer. 
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FIGURE 29. Precision 4-20mA Current Transmitter. 
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FIGURE 30. Window Comparator with Window Span and Window Center Inputs. 
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FIGURE 31. Isolating Current Source. 
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FIGURE 32. Isolating Current Source with Buffering 
Amplifier for Greater Accuracy. 
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Precision Fixed-Gain 
DIFFERENTiAL AIVIPLIFIER 



FEATURES 

• FIXED GAIN. A = 10 

• CMR lOOdB min over temp 

• NONUNEARITY 0.001% max 

• NO EXTERNAL ADJUSTMENTS REQUIRED 

• EASY TO USE 

• COMPLETE SOLUTION 

• HIGHLY VERSATILE 

• LOW COST 

• TO-99 HERMETIC METAL AND LOW COST PLASTIC 
PACKAGES 

DESCRIPTION 

The INA106 is a precision fixed-gain differential 
amplifier. As a monolithic circuit, it offers high reli- 
ability at low cost. It consists of a premium grade 
operational amplifier and an on-chip precision resis- 
tor network. 

The INA106 is completely self-contained and offers 
the user a highly versatile function. No adjustments 
to gain, offset, and CMR are necessary. This pro- 
vides three important advantages: (1) lower initial 
design engineering time, (2) lower manufacturing 
assembly time and cost, and (3) easy cost-effective 
field repair of a precision circuit. 



APPLICATIONS 

• DIFFERENTIAL AMPLIFIER. A = 10 

• BASIC INSTRUMENTATION AMPLIFIER BUILDING 
BLOCK 

• INVERTING AMPLIFIER, A = -10 

• NONINVERTING AMPLIFIER, A = 10 

• SUMMING AMPLIFIER. WEIGHTED 

• ±100V CM RANGE DIFFERENTIAL AMPLIFIER 
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SPECIFICATIONS 

ELECTRICAL 

At +25°C, Vcc = ±15V unless otherwise noted 



PARAMETER 


CONDITIONS 


INA106AM 


INA106BM 


INA106KP 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


GAIN 
























Initial"' 






10 






* 






* 




v/v 


Error 






0.005 


01 




* 


* 




0.01 


0.025 


% 


vs Temperature 






-4 


±10 




* 


• 








ppm/°C 


Nonlinearity'^' 






0.0002 


0.001 




* 


« 






* 


% 


OUTPUT 
























Rated Voltage 


lo = +20mA. -5mA 


10 


12 




* 


* 




* 






V 


Rated Current 


Eo -■ 10V 


+20, -5 






* 






* 






mA 


Impedance 






0.01 






* 










Q 


Current Limit 


To common 




-I-40/-10 






* 










mA 


Capacltive Load 


Stable operation 




1000 






* 










PF 


INPUT 
























Impedance 


Differential 
Common-mode 




10 
110 






* 










kO 
kfi 


Voltage Range 


Differential 
Common-mode 


±1 
±11 






* 






* 






V 
V 


Common-mode Rejection'^* 


Ta = Tmin to Tmax 


94 


100 




100 


106 




86 






dS 


OFFSET VOLTAGE 


RTI"" 






















Initial 






50 


100 




* 


* 






200 


//V 


vs Temperature 






02 


5 




* 


2 








//V/X 


vs Supply 


±Vcc = 6V to 18V 




1 


10 




* 


* 






* 


A/V/V 


vs Time 






10 






* 










//V/mo 


OUTPUT NOISE VOLTAGE 


RTl'=' 






















Fb = 01Hz to 10Hz 






1 






* 










/wVp-p 


Fo = 10kHz 






30 






* 










nV/\/Hz 


DYNAMIC RESPONSE 
























Gain Bandwidth 


-3dB 




5 






* 










MHz 


Full Power BW 


Vo = 20V p-p 


30 


50 




♦ 


* 




* 






kHz 


Slew Rate 




2 


3 




• 


* 




* 






V//iS 


Settling Time. 1% 


Vo = 10V step 




5 






* 










Ais 


001% 


Vo = 10V step 




10 






* 










A/s 


01% 


VcM = 10V step. Vd,ff = OV 




5 






« 










fjS 


POWER SUPPLY 
























Rated 






±15 






* 










V 


Voltage Range 


Derated performance 


±5 




±18 


* 




* 


* 




* 


V 


Quiescent Current 


VouT = 0V 




±1.5 


±2 




* 


* 






* 


mA 


TEMPERATURE RANGE 
























Specification 




-25 




+85 


* 




« 







+70 


»C 


Operation 




-55 




+125 


« 




* 


-25 




+85 


°C 


Storage 




-65 




+150 


* 




* 


-40 




+85 


°C 



* Specification same as for INA106AM 

NOTES (1) Connected as difference amplifier (see Figure 4). (2) Nonlinearity is the maximum peak deviation from the best-fit straight line as a percent of full-scale 
peak-to-peak output (3) With zero source impedance (see Maintaining CMR section). (4) Includes effects of amplifier's input bias and offset currents. 
(5) Includes effects of amplifier's input current noise and thermal noise contribution of resistor network. 

MECHANICAL 



TO-99 Package 




NOTE. Leads in true position 

within 01" (0 25 mm) R at MMC at 

seating plane 

Pin numbers shown for reference 

only Numbers are not marked on 

package. 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8.51 


940 


B 


305 


335 


7 75 


851 


c 


165 


185 


4.19 


4.70 


D 


016 


021 


041 


053 


E 


010 


040 


025 


102 


F 


010 


040 


25 


1.02 


G 


200 BASIC 


508 B 


ASIC 


H 


028 


034 


71 


086 


J 


029 


045 


074 


114 


K 


500 


_ 


12.7 


_ 


L 


110 


160 


2 79 


406 


M 


45» BASIC 


45" BASIC 


N 


095 1 105 


241 1 267 



"P" Package— Plastic DIP 




NOTE. Leads in true position 
within 01" (0 25mm) R at MMC 
at seating plane. Pin material and 
plating composition conform to 
Method 2003 (solderability) of MIL- 
STD-883 (except paragraph 3.2) 



DIM 


INC 


HES 


MILLIW 


ETERS 


MIN 


MAX 


MIN 


MAX 


A 


355 


.400 


9 02 


1016 


Ai 


340 


.385 


864 


978 


B 


230 


290 


5 84 


7 37 


Bi 


200 


.250 


508 


635 


C 


120 


200 


305 


5 08 


D 


015 


023 


038 


058 


F 


030 


070 


076 


178 


G 


100 BASIC 


2 54 BASIC i 


H 


025 


050 


64 


127 


J 


008 


015 


020 


38 


K 


070 


150 


178 


3 81 


L 


300 BASIC 


7 63 BASIC i 


M 


o» 


15" 


0" 


15» 


N 


010 


030 


0.25 


76 


P 


025 


050 


064 


127 
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PIN DESIGNATIONS 








TOP VIEW 






Tab 


No Internal 
, Connection 


•"■^ -^ 




K^K 




Reference ( 1 


^^ 


7 J +Vcc 


"'"( ^ y^ 




>-/ 6 j Output 


+ln( 3 , 


^ 


5 J Sense 


^"^^ ^ y INA106AM 

^^ INA106BM 

-Vcc 

Case connected to -Vcc internally Make no connection 



PIN DESIGNATIONS 



ORDERING INFORMATION 



INA106 X X 



Basic Model Number 

Performance Grade 

A, B: -25°C to +85°C 
K: 0'*Cto+70°C 

Package Code 

M: TO-99 metal can 

P: 8-pin mini plastic DIP 



J 



TOP VIEW 

PLASTIC DIP 

INA106KP 



-In 2| 

+ln 
-Vcc 4] 



"-^^^^A- 



V.-^ 



3(^*^^ 



^ 



]8 No Internal 
Connection 

\l +Vcc 
6 Output 
5 Sense 



ABSOLUTE MAXIMUM RATINGS 



Supply ±18V 

Input Voltage Range ±Vcc 

Operating Temperature Range: M — 55°C to +125*'C 

P -40*0 to +85<'C 

Storage Temperature Range -BS^C to +125*'C 

Lead Temperature (soldering 10 seconds) +300''C 

Output Short Circuit to Common Continuous 



TYPICAL PERFORMANCE CURVES 



Ta = 25°C, ±Vcc = 15V unless othen«^ise noted 



STEP RESPONSE 



SMALL SIGNAL RESPONSE 
(No Load) 



SMALL SIGNAL RESPONSE 
(Rload = <»0, Cload = lOOOpF) 




TOTAL HARMONIC DISTORTION AND NOISE 
VS FREQUENCY 



# 01 




1 10 

Frequency (kHz) 



-146 

-126 

ffi-106 

GC 

1 -86 


POWER SUPPLY REJECTION 
VS FREQUENCY 












\J 


^ 


s. 






N 


\ 


\ 


\4 








^ 


\ 


s. 


-46 








k 


N 



CMR VS FREQUENCY 



10 100 Ik 10k 100k 

Frequency (Hz) 



-116 

-106' 
-100 




BM 










\ 




AM, 


KP ^ 


-86 
-76 
-^6 






^ 










\ 








\ 



100 Ik 10k 

Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 

Ta = +25**C, Vcc = ±15VDC unless otherwise noted. 



175 

15 

12 5 

J 75 

5 

25 



MAXIMUM VouT VS Iout 
(Positive Swing) 




1 1 

Vs = ±18V 








Vs - ±15V 





1 




n 


/s = ±12V 


i 




























1 






Vs = 


±5V^ 














~" 


-^* 



MAXIMUM VouT VS Iout 
(Negative Swing) 







I 1 






-15 




Vs = ±18V 


~ ~~ 








^^^ 




-12 5 




Vc 


= ±1* 


>v 








- 




> -10 

J -7 5 










Vs 


- ±i2v n 














" 















-2 5 




V 


5=±f 


>v 













6 12 18 24 30 36 
Iout (mA) 



-2 -4 -6 -8 -10 -12 
-Iout fmA) 



DISCUSSION OF 
PERFORMANCE 

BASIC POWER SUPPLY AND SIGNAL 
CONNECTIONS 

Figure 1 shows the proper connections for power supply 
and signal. Supplies should be decoupled with IjuF tanta- 
lum capacitors as close to the amplifier as possible. To 
avoid gain and CMR errors introduced by the external 
circuit, connect grounds as indicated, being sure to min- 
imize ground resistance. 




FIGURE 1. Basic Power Supply and Signal 
Connections. 



OFFSET ADJUSTMENT 

Figure 2 shows the offset adjustment circuit for the 
INA106. This circuit will allow ±3mV of adjustment and 
will not affect the gain accuracy or CMR. 



E, 
O- 



I 



Eo = Ea - Ei 
Offset Adjustment 
Range = ±3mV 




Eo 
-O 



+15V 



I 

499kO 
v^„ 



■^JlOOkO 



FIGURE 2. Offset Adjustment. 

MAINTAINING COMMON-MODE REJECTION 

Two factors are important in maintaining high CMR: (1) 
resistor matching and tracking (the internal INA106 cir- 
cuitry does this for the user) and (2) source impedance 
including its imbalance. 
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Referring to Figure I, the CMR depends upon the match 
of the internal R4/R3 ratio to the R1/R2 ratio. A CMR 
of 106dB requires resistor matching of 0.005%. To main- 
tain lOOdB, minimum CMR to +85°C, the resistorTCR 
tracking must be better than 2ppm/°C. These accuracies 
are difficult and expensive to reliably achieve with dis- 
crete components. 

Any source impedance adds directly to the input resis- 
tors, Ri and R3, and will degrade DC and AC CMR. 
Likewise any wiring resistance adds directly to any of the 
precision difference resistors. A resistance of 0.5(1 
(0.005% of lOkO) will degrade the 106dB CMR of the 
INA106; Sn will degrade the CMR to 86dB. 

When input filters are used preceding an instrumenta- 
tion amplifier, care should also be taken to match RCs 
on the two input lines. For example, mismatched input 
filters for high frequencies will reduce the CMR at lower 
frequencies, e.g, 60Hz. Differential filters will not degrade 
AC CMR. 

RESISTOR NOISE IN THE INA106 

Figure 3 shows the model for calculating resistor noise in 
the INAI06. Resistors have Johnson noise resulting from 
thermal agitation. The expression for this noise is: 

Erms = V4KTRB 
Where: K = Boltzman's constant (J/°K) 
T = Absolute temperature (°K) 
R = Resistance (0) 
B = Bandwidth (Hz) 




FIGURE 3. Resistor Noise Model. 



At room temperature, this noise becomes: 

En = 1.3"'^V^ 
The three noise sources in Figure 2 are: 

eni - 1.3"'' (R2/R1) n/r; 

En2= 1.3"'° VT2 

En3= 1.3-'V1 + R2/R1) n/R^J|R^ 



(V/VHz) 



Adding as the root of the sums squared, 

Eno = 193nV y/m 
RTI, with A = 10, 

Eni = 19.3nV/v^ 
For example, 

Eno within a 

600kHz BW = 0.15mVRMs 

= 0.9mVp-p with a crest factor of 6 

(statistically includes 99.7% of all 

noise peak occurrences) 
This is the noise due to the resistors alone. It is included 
in the noise specification of the INA106. 

APPLICATIONS CIRCUITS 

The INA106 is ideally suited for a wide range of circuit 
functions. The following figures show many applications 
circuits. 



O 

< 

Z 









15 




gT p^ 1NA106 


Ra 


-In 
El 


1 lOkQ 


lOOkQ 

R4 


b '' 






1 1 


Out 
Eo 

7 


3 1 ^h 




+ln 
E2 


1 10kQ 


lOOkO 


1^ 


Eo = 10(E2-Ei) 
Gam Error = 005% 
CMR = 106dB 
Nonlmearity -= 0002% 





FIGURE 4A. Precision Difference Amplifier. 
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FIGURE 4B. Difference Amplifier With Gain And 
CMR Adjust. 
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For the ultimate performance high gam instrumentation amplifier, the 
INA106 can be combined with state-of-the-art op amps For low 
source impedance applications, an input stage using OPA37s will give 
the best low noise, offset, and temperature drift At source impedances 
above about lOkO, the bias current noise of the OPA37 reacting with 
the input impedance begins to dominate the noise For these applica- 
tions, using an 0PA111 or a dual 0PA2111 FET input op amp will 
provide lower noise For an electrometer grade lA, use the OPA128 
(See table below ) 

Using the INA106 for the difference amplifier also extends the mput 
common-mode range of the instrumentation amplifier to +10V A 
conventional lA with a unity-gain difference amplifier has an input 
common-mode range limited to +5V for an output swing of +10V This 
IS because a unity-gam difference amp needs +5V at the input for 10V 
at the output, allowing only 5V additional for common mode 
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FIGURE 5. Precision Instrumentation Amplifier. 
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FIGURE 6. Precision Inverting Amplifier with Gain of 
-10. 



FIGURE 7. Precision Noninverting Amplifier with Gain 
of 10. 
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FIGURE 8. Precision Noninverting Amplifier with Gain 
of 11. 
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FIGURE 9. Precision Summing Amplifier with 
Weighted Inputs. 
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This circuit follows an 11/1 divider with a gain of 11 for an overall gam 
of unity With an 11/1 divider, the input signal can exceed 100V without 
exceeding the op amp common-mode range 



FIGURE 10. Voltage Follower with Input Protection. 
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FIGURE 11. Differential-Input, Low-Impedance, 
Microphone Preamplifier (20dB gain). 
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5 1 lookn lOkn 
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r: 22fjF 



Gam =1/10 

Also Gam = -1/10 by grounding R4 and driving Rz 
Gam = 1/10 differential driving both R2 and R4 

The lOOn, 100, 22/iF network on the output assures stability by 
inserting a 70kHz zero and 700kHz pole to decrease the loop gam by 
10 at 700kHz With the output taken at the junction of the lOOQ and 10Q 
resistors, gam accuracy is maintained, and noise gam at the output 
remains at unity For a 10V output swing, the load should be limited to 
lOkQ since the lOOQ resistor acts as a voltage divider with the load 
Also the large signal bandwidth will be limited by the ability of the 
amplifier to slew into the 22//F capacitor Assuming 10mA output 
current and a 20Vp-p output signal, the full power bandwidth will be 
1 OkHz Since the circuit is a 10/1 attenuator, this would assume a 
200Vp-p input signal With a 20Vp-p input signal, the bandwidth would 
be 10kHz 
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FIGURE 12. Precision Attenuator. 
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eo = 62 — ei 

Common-Mode Range = ±100V 

500Q CMR Adjust 
(1580 Nominal) 



The addition of two external resistors and a pot turns the INA106 into a 
unity-gain difference amplifier with input common-mode range 
exceeding ±100V The circuit requires CMR adjustment and has a 2% 
gam accuracy Better gam accuracy is difficult to obtain, since CMR 
and gam adjustments interact See Figure 14 
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FIGURE 13. ±100V Common-Mode Range Difference 
Amplifier. 
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♦Optional Gam Adjust 

Go = ©2 — ©1 

Common-Mode Range = 



±100V 



The addition of an op amp to circuit of Figure 13 can eliminate the 
need for CMR and gain adjustments CMR will be 20dB lower than that 
of the INA106, which is specified in a gam of 10 Gam accuracy is set 
strictly by the Rs, Re ratio and the initial gam accuracy of the INA106 
(A = 1 + Re/Rs ± 01%) CMR can be adjusted by adding a lOQ resistor 
in series with Ri (pin 2) and a 20n pot in series with R3 (pin 2) Gam 
and CMR adjustments do not interact 



FIGURE 14. +100V Common-Mode Range Difference 
Amplifier Requiring No Adjustments. 



Burr-Brown IC Data Book 



3-64 



Vol. 33 



BURR -BROWN 





INA110 



AVAILABLE IN 
DIE FORM 



Fast-Settling FET-lnput 

Very High Accuracy 

INSTRUiVIENTATION AJVIPLIFIER 



APPLICATIONS 

• Fast scanning rate multiplexed input data acquisition 
system amplifier 

• Fast differential pulse amplifier 

• High speed, low drift gain block 

• Amplification of low level signals from high Impe- 
dance sources and sensors 

• Instrumentation amplifier with input low pass filter- 
ing using large series resistors 

• Instrumentation amplifier with overvoitage input 
protection using large series resistors 

• Amplification of signals from strain gauges, thermo- 
couples, and RTDs 



FET 
Input 



FEATURES 

• LOW BIAS CURRENT: 50pA, max 

• FAST SETTLING: 4/iS to 0.01% 

• HIGH CMR: 106dB, min; OOdB at 10kHz 

• CONVENIENT INTERNAL GAINS: 1, 10, 100, 200. 500 

• VERY-LOW GAIN DRIFT: 10 to 50ppm/°C 

• LOW OFFSET DRIFT: 2/yV/°C 

• LOW COST 

• PINOUT COMPATIBLE WITH AD524 AND AD624, 
allowing upgrading of many existing applications 



DESCRIPTION 

The IN Alio is a monolithic FET input instrumenta- 
tion amplifier with a maximum bias current of 
50pA. The circuit provides fast settling of 4/us to 
0.01%. Laser trimming guarantees exceptionally good 
DC performance. Voltage noise is low, and current 
noise is virtually zero. Internal gain set resistors 
guarantee high gain accuracy and low gain drift. 
Gains of 1, 10, 100, 200, and 500 are provided. 
The inputs are inherently protected by P-channel 
FETs on each input. Differential and common- 
mode voltages should be limited to ±Vcc. When 
severe overvoitage exists, use diode clamps as shown 
in the application section. 

The IN Alio is ideally suited for applications requiring 
large input resistors for overvoitage protection or 
filtering. Input signals from high source impedances 
can easily be handled without degrading DC per- 
formance. Fast settling for rapid scanning data 
acquisition systems is now achievable with one 
component, the INAllO. 
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SPECIFICATIONS 



ELECTRICAL 

At +25°C, ±Vcc = 15VDC, Rl 



= 2kQ unless otherwise noted 



PARAMETER 


CONDITIONS 


INA110AG 


INA110BG/SG 


INA110KP/KU 


UNITS 


MIN 


TYP 


MAX 


MIN 1 TYP 


MAX 


MIN 1 TYP 1 MAX 


GAIN 1 


Range of Gam 




1 




800 1 * 1 


* 1 * 1 1 * 


v/v 


Gam Equation"' 








G = 1 + [40K/(Rg 


+ 50Q)] 


v/v 


Gam Error, DC G = 1 






002 


04 




* 


02 








% 


G = 10 






01 


01 




005 


05 








% 


G = 100 






02 


02 




01 


01 








% 


G = 200 






04 


04 




02 


02 








% 


G = 500 






0.1 


1 




05 


05 








^ % 


Gam Temp Coefficient G = 1 






±3 


±20 




* 


±10 








ppm/°C 


G = 10 






±4 


±20 




±2 


±10 








ppm/°C 


G-100 






±6 


±40 




±3 


±20 








ppm/°C 


G = 200 






±10 


±60 




±5 


±30 








ppm/°C 


G = 500 






±25 


±100 




±10 


±50 








ppm/°C 


Nonlmearity, DC G = 1 






±0 001 


±0 01 . 




±0 0005 


±0 005 




* 




% of FS 


G = 10 






±0.002 


±0 01 




±0 001 


±0 005 








% of FS 


G = 100 






±0 004 


±0 02 




±0 002 


±0 01 








% of FS 


G = 200 






±0 006 


±0 02 




±0 003 


±0 01 








% of FS 


G = 500 






±0 01 


±0 04 




±0 005 


±0 02 








% of FS 


OUTPUT 1 


Voltage. Rl = 2kfi 


Over temp 


±10 


±12 7 




* 


* 




* 


* 




V 


Current 


Over temp 


±5 


±25 




* 


* 




* 


* 




mA 


Short-Circuit Current 






±25 






* 






* 




mA 


Capacitive Load 


Stability 




5000 






'* 






* 




PF 


INPUT 1 


OFFSET VOLTAGE'^' 
























Initial Offset G, P 






±(100 + 
1000/G) 


±(500 + 
5000/G) 




±(50 + 
600/G) 


±(250 + 
3000/G) 




* 


* 


luV 


U 


















±(200 + 
2000/G) 


±(1000+ 
5000/G) 


/iV 


vs Temperature 






±(2 + 
20/G) 


±(5 + 
100/G) 




±(1 + 
10/G) 


±(2 + 
50/G) 




* 




/7V/°C 


vs Supply 


Vcc = ±6V to 
±18V 




±(4 + 
60/G) 


±(30 + 
300/G) 




±(2 + 
30/G) 


±(10 + 
180/G) 




* 


* 


//V/V 


BIAS CURRENT 
























Initial Bias Current 


Each input 




20 


100 




10 


50 




* 


* 


pA 


Initial Offset Current 






2 


50 




1 


25 




* 


* 


pA 


Impedance Differential 






5X10''||6 






* 






* 




OllpF 


Common-Mode 






2X10^^111 






>K 






* 




OllpF 


VOLTAGE RANGE 


V,N Diff = OV'^' 






















Range, Linear Response 




±10 


±12 










* 


♦ 




V 


CMR with IkO Source Imbalance 
























G = 1 


DC 


70 


90 




80 


100 




* 


* 




dB 


G = 10 


DC 


87 


104 




96 


112 




* 


* 




dB 


G = 100 


DC 


100 


110 




106 


116 




* 


* 




dB 


G = 20G 


DC 


100 


110 




106 


116 




* 


* 




dB 


G = 500 


DC 


100 


110 




106 


. 116 




* 


* ' 




dB 


NOISE, Input"" 
























Voltage, fo = 10kHz 






10 






* 






* 




nV/x/R^ 


fB = 01Hz to 10Hz 






1 






* 






* 




/uVp-p 


Current, fo = 10kHz 






18 






* 






* 




fA/\/Hz 


NOISE, Output"" 
























Voltage, fo = 10kHz 






65 






* 






* 




nV/N/Fiz 


fB = 01Hz to 10Hz 






8 






* 






* 




/yVp-p 


DYNAMIC RESPONSE | 


Small Signal G = 1 - 


-3dB 




25 






* 










MHz 


G = 10 






25 






* 










MHz 


G = 100 






470 






* 










kHz 


G = 200 






240 






« 










kHz 


G = 500 






100 






* 










kHz 


Full Power 


VouT = ±10V, 
























Rl = 2kQ 


190 


270 




* 


* 










kHz 


Slew Rate 


G = 1 to 100 


12 


17 




* 


* 










Wfjs 


Settling Time 
























1%, G = 1 


Vo = 20V step 




4 






* 










A/s 


G = 10 






2 






* 










fJS 


G = 100 






3 






* 










fJS 


G = 200 






5 






* 










IJS 


G = 500 






11 






* 










/us 



■ Same as INA110AG 
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ELECTRICAL (CONT) 



PARAMETER 


CONDITIONS 


INA110AG 


INA110BG/SG 


INA110KP/KU 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Settling Time 
























01%, G = 1 


Vo = 20V step 




5 


12.5 




* 










//s 


G = 10 






3 


75 




* 










A'S 


G = 100 






4 


75 




* 










/US 


G = 200 






7 


125 




* 










^s 


G = 500 






16 


25 




* 










fJS 


Overload Recovery'^' 


50% overdrive 




1 






* 










us 


POWER SUPPLY 1 


Rated Voltage 






±15 






* 






* 




V 


Voltage Range 




±6 




±18 


* 




* 


* 




* 


V 


Quiescent Current 


Vo = OV 




±3.0 


±4 5 




* 


* 




* 


* 


mA 


TEMPERATURE RANGE | 


Specification A, B, K 




-25 




+85 


* 




* 







+70 


°C 


S 










-55 




+125 








°C 


Operation 




-55 




+125 


♦ 




* 


-25 




+85 


°C 


Storage 




-65 




+150 


* 




* 


-40 




+85 


°C 


^JA 






100 






* 






* 




°C/W 



* Same as INA110AG 

NOTES (1) Gams other than 1, 10, 100, 200, and 500 can be set by adding an external resistor, Rg, between pin 3 and pins 11, 12, and 16 Gam accuracy is a function of 

Rg and the internal resistors which have a ±20% tolerance with 20ppm/X dnft (2) Adjustable to zero (3) For differential input voltage other than zero, see Typical Per 

formance Curves (4) Vnoise rti 

of an input overdrive voltage 



o 
< 



r 



n/Vn input + (Vn ouTPur/Gam)^ (5) Time required for output to return from saturation to linear operation following the removal 



ABSOLUTE MAXIMUM RATINGS 



PIN CONFIGURATION 



Supply +18V 

Input voltage Range ±Vcc 

Operating Temperature Range: G — 55*C to +125°C 

P. U -25°C to +85*'C 

Storage Temperature Range: G — SS^C to +150*C 

P, U -40°C to +85*'C 

Lead Temperature (soldering 10s): G. P 4-300*'C 

(soldering 3s): U +260''C 

Output Short-Clrcuit Duration Continuous to Common 



-In 






X200 


1 


16 


. +ln 


2 


15 


Output Offset Adjust 


RG 


3 


14 


Output Offset Adjust 


Input Offset Adjust 


4 


13 


X10 


Input Offset Adjust 


5 


12 


X100 


Reference 


6 


11 


X500 


-Vcc 


7 


10 


Output Sense 


+Vcc 


8 


9 


Output 







BURN-IN SCREENING 

Burn-in screening is an option available for both the 
plastic- and ceramic-packaged IN A 110. Burn-in duration 
is 160 hours at the temperature shown below (or 
equivalent combination of time and temperature). 

Plastic "-BI" models: +85° C 
Ceramic "-BI" models: +125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 



ORDERING INFORMATION 







Temperature 


Model 


Package 


Range 


INA110AG 


Ceramic DIP 


-25°Cto+85°C 


INA110BG 


Ceramic DIP 


-25°Cto+85°C 


INA110SG 


Ceramic DIP 


-55°Cto+125°C 


INA110KP 


Plastic DIP 


0°Cto+70°C 


INA110KU 


Plastic SO 


0°Cto+70°C 


BURN-IN SCREENING OPTION 


See text for details 






Burn-In Temp. 


Model 


Package 


(160h)'^' 


INA110AG-BI 


Ceramic DIP 


+125°C 


INA110BG-BI 


Ceramic DIP 


+125°C 


INA110SG-BI 


Ceramic DIP 


+125°C 


INA110KP-BI 


Plastic DIP 


+85° C 


INA110KU-BI 


Plastic SO 


+85° C 



(0 
DC 
LU 
E 



< 

z 
g 

I- 

? 

z 

UJ 

3 
DC 
I- 
U) 

Z 



MECHANICAL 










NOTE Or equivalent combination. 


See text 










Hermetic DIP 


'n * 






















.. 




9 
8. 


\ 


^J 




DIM 


MIN 


MAX 


MIN 


MAX 






CHKHHK 


n nl in 


A 


790 


810 


20 07 


20 57 


d±Lr3±..,..; 


o1 


C 


105 


170 


2 67 


4 32 


iijj 


F-J L- 


D 


015 


021 


38 


53 


1 1 

•— H -• 


G 


F 


048 


060 


1 22 


152 






G 


100 BASIC 


2 54 BASIC 


A ^ 


Pin numbers shown for reference 
only Numbers are not marked on 
n package 


H 


030 


070 


76 


178 


•— \ — Seating Plane 

NOTE Leads m true positio 
within 010" (.25mm) R 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


610 




L 


300 BASIC 


7 62 BASIC 


M 


— 


10° 


— 


10° 


N 


025 


060 


64 


1 52 








at 


seatin 


g plane 
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Small Outline Surface Mount 



- A - 
-Ai- 



n 



nnnnnnnr 



Performance 
(1) Grade 
MM Identifier 



B, B 



Mjunnnnu 

k-'-^ — Pin 1 On Beveled Side 




L- 



V 

_J M 



NOTE Leads in true position 
within 010" ( 25mm) R at MMC 
at seating plane 



DIM 


INCHES 


MILLIMETERS I 


MIN 


MAX 


MIN 


MAX 


A 


400 


416 


1016 


10 57 


Ai 


388 


412 


9 86 


1046 


B 


286 


302 


7 26 


7 67 


Bi 


268 


286 


6 81 


7 26 


C 


093 


109 


2 36 


2 77 


D 


015 


020 


38 


051 


G 


050 BASIC 


127 BASIC 


H 


022 


038 


56 


0.97 


J 


008 


012 


20 


0.30 


L 


391 


421 


9 93 


10.69 


M 


SOTYP 


S'TYP 


N 


000 1 .012 


000 1 030 



(1) Performance grade identifier box for small outline surface mount Blank indicates K grade Part is marked INA110U. 



Plastic DIP 



K A. 



n r^ ri f1 




X-. 



Seating Plane 



NQTE: Leads in true position 
within 010" (.25mm) R at MMC at 
seating plane 

PINS: Pin material and plating 
composition conform to method 
2003 (solderability) of MIL-STD- 
883 (except paragraph 3.2). 

CASE: Plastic 



DIM 


INCHES 


MILLIMETERS 1 


MIN 


MAX 


MIN 


MAX 


A 


740 


800 


18.80 


20.32 


Ai 


725 


785 


18 42 


19.94 


B 


.230 


.290 


585 


7 38 


Bi 


.200 


250 


5.09 


6.36 


C 


120 


200 


3.05 


5.09 


D 


.015 


.023 


0.38 


0.59 


F 


.030 


070 


0.76 


178 


G 


100 BASIC 


2 54 BASIC 1 


H 


002 


005 


0.51 


1.27 


J 


.008 


015 


020 


038 


K- 


070 


150 


178 


382 


L 


300 BASIC 


7 63 BASIC i 


M 


0» 


15° 


0" 


15° 


N 


010 


030 


025 


076 


P 


025 


050 


0.64 


1.27 



TYPICAL PERFORMANCE CURVES 



Ta = 25° 0, ±Vcc = 15VDC unless otherwise noted 
INPUT VOLTAGE RANGE VS SUPPLY 



OUTPUT SWING VS SUPPLY 



±15 
>±12 








/ 


a> 

£ ±9 






/ 




o 

> 

Q. ±6 




/ 






±3 


/ 









i±10 









/ 




Rl = 21. 


y^ 






/ 






/ 









±6 ±9 ±12 ±15 ±18 

Power Supply Voltage (V) 



±6 ±9 ±12 ±15 ±18 

Power Supply Voltage (V) 



OUTPUT SWING VS LOAD RESISTANCE 



±16 












> 

1 ±8 

> 

O ±4 


i 


/ 








/ 










/ 











400 800 1.2k 1.6k 2k 
Load Resistance (Q) 
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TYPICAL PERFORMANCE CURVES (CONT) 



Ta = 25° C, ±Vcc = 15VDC unless otherwise noted 





BIAS CURRENT VS SUF 


'PLY 


25 
20 

15 

10 


































5 











120 
100 



±9 ±12 ±15 

Power Supply Voltage (V) 



CMR VS FREQUENCY 



^— 


^— 


■^ 


^ 


-Gam 
-Gam 


= 200 




"N 


= 500 


"^ 


\ 




? 


^ 




Gam 


> 
= 100 




5s 


\ 


*< 


1 

Gam = 10^ 




\ 


\ 


^V 


1 

Gam = 1 -^ 


/ 


> 


\ 


\ 








1 


> 


\ 



BIAS CURRENT VS TEMPERATURE 




-55 -25 +5 +35 +65 +95 +125 
Temperature (°C) 



120 

£" 100 

c 
o 

I 60 

a. 
o. 

w 40 

I 20 





POWER SUPPLY REJECTION 
VS FREQUENCY 
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GAIN VS FREQUENCY 
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DISCUSSION OF 
PERFORMANCE 

A simplified diagram of the INAIIO is shown on the first 
page. The design consists of the classical three opera- 
tional amplifier configuration with precision FET buffers 
on the input. The result is an instrumentation amplifier 
with premium performance not normally found in inte- 
grated circuits. 

The input section (Ai and A2) incorporates high perfor- 
mance, low bias current, and low drift amplifier cir- 
cuitry. The amplifiers are connected in the noninverting 
configuration to provide high input impedance (lO'^O). 
Laser-trimming is used to achieve low offset voltage. 
Input cascoding assures low bias current and high CMR. 
Thin-film resistors on the integrated circuit provide 
excellent gain accuracy and temperature stability. 

The output section (A3) is connected in a unity-gain dif- 
ference amplifier configuration. Precision matching of 
the four lOkO resistors, especially over temperature and 
time, assures high common-mode rejection. 

BASIC POWER SUPPLY AND SIGNAL 
CONNECTIONS 

Figure 1 shows the proper connections for power supply 
and signal. Supplies should be decoupled with 1/zF tanta- 
lum capacitors as close to the amplifier as possible. To 
avoid gain and CMR errors introduced by the external 
circuit, connect grounds as indicated, being sure to min- 
imize ground resistance. Resistance in series with the 
reference (pin 6) will degrade CMR. Also to maintain 
stability, avoid capacitance from the output to the gain 
set, offset adjust, and input pins. The layout shown in 
Figure 2 is suggested for best performance. 





GENERAL PURPOS 
SOLDER SIDE 



FIGURE 2. Suggested PC Board Layout for INAIIO. 

OFFSET ADJUSTMENT 

Figure 3 shows the offset adjustment circuit for the 
INAIIO. Both the offset of the input stage and output 
stage can be adjusted separately. Notice that the offset 
referred to the INAllO's input (RTI) is the offset of the 
input stage plus the offset of the output stage divided by 
the gain of the input stage. This allows specification of 
offset independent of gain. 




FIGURE 1. Basic Circuit Connection. 



FIGURE 3. Offset Adjustment Circuit. 

For systems using computer autozeroirg techniques, 
neither offset nor offset drift are of concern. In many 
other applications the factory-trimmed offset gives excel- 
lent results. When greater accuracy is desired, one 
adjustment is usually sufficient. In high gains (>100) 
adjust only the input offset, and in low gains the output 
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offset. For higher precision in all gains, both can be 
adjusted by first selecting high gain and adjusting input 
offset and then low gain and adjusting output offset. The 
offset adjustment will, however, add to the drift by 
approximately 0.33juV/°C per 100/uV of input offset volt- 
age that is adjusted. Therefore, care should be taken 
when considering use of adjustment. 

Output offsetting can be accomplished as shown in 
Figure 4 by applying a voltage to the reference (pin 6) 
through a buffer. This limits the resistance in series with 
pin 6 to minimize CMR error. Be certain to keep this 
resistance low. Note that the offset error can be adjusted 
at this reference point with no appreciable degradation 
in offset drift. 




With ±Vcc = 15V. Ri = lOOkfi, Rz = 1MQ, 
Ra = lOkQ, VoFFSETTiNG = ±150mV 



FIGURE 4. Output Offsetting. 
GAIN SELECTION 

Gain selection is accomplished by strapping the approp- 
riate pins together on the INAllO. Table I shows possible 
gains from the internal resistors. Keep the connections as 
short as possible to maintain accuracy. 
TABLE I. Internal Gain Connections. 





Connect pin 3 


Gam 


Gain 


Gain 


to pin — 


Accuracy (%) 


Drift (ppm/°C) 


The following 


gams have guaranteed accuracy 




1 


none 


02 


10 


10 


13 


05 


10 


100 


12 


01 


20 


200 


16 


02 


30 


500 


11 


05 


50 


The following 


gains have typical accuracy as shown 




300 


12&16 


25 


10 


600 


11 &12 


25 


40 


700 


11 &16 


20 


40 


800 


11,12. & 16 


20 


80 



Gains other than 1, 10, 100, 200, and 500 can be set by 
adding an external resistor, Re, between pin 3 and pins 
12, 16, and 11. Gain accuracy is a function of R(, and the 
internal resistors which have a ±20% tolerance with 
20ppm/°C drift. The equation for choosing Re, is shown 
below. 

40k 



Gain can also be changed in the output stage by adding 
resistance to the feedback loop shown in Figure 5. This is 
useful for increasing the total gain or reducing the input 
stage gain to prevent saturation of input amplifiers. 
The output gain can be changed as shown in Table II. 
Matching of Ri and R^ is required to maintain high 
CMR. R2 sets the gain with no effect on CMR. 

TABLE II. Output Stage Gain Control. 



Output Stage Gain 


Ri and R3 


R2 


2 
5 
10 


1 2kfi 
IkO 
1 5kO 


2 74kQ 
511fi 
340n 



COMMON-MODE INPUT RANGE 

It is important not to exceed the input amplifiers' 
dynamic range (see Typical Performance Curves). The 
differential input signal and its associated common- 
mode voltage should not cause the output of Ai and A2 
(input amplifiers) to exceed approximately ±10V with 
+15V supplies or nonlinear operation will result. Such 
large common-mode voltages, when the INAllO is in 
high gain, can cause saturation of the input stage even 
though the differential input is very small. This can be 
avoided by reducing the input stage gain and increasing 
the output stage gain with an H pad attenuator (see 
Figure 5). 




FIGURE 5. Gain Adjustment of Output Stage Using H 
Pad Attenuator. 



OUTPUT SENSE 

An output sense has been provided to allow greater 
accuracy in connecting the load. By attaching this feed- 
back point to the load at the load site, IR drops due to 
load currents are eliminated since they are inside the 
feedback loop. Proper connection is shown in Figure 1. 
When more current is to be supplied, a power booster 
can be placed within the feedback loop as shown in 
Figure 6. Buffer errors are minimized by the loop gain of 
the output amplifier. 



Rc. = . 



- son 
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FIGURE 6. Current Boosting the Output. 

LOW BIAS CURRENT OF FET INPUT 
ELIMINATES DC ERRORS 

Because the INAUO has FET inputs, bias currents drawn 
through input source resistors have a negligible effect on 
DC accuracy. The picoamp levels produce no more than 
microvolts through megohm sources. Thus, input filtering 
and input series protection are readily achievable. 

A return path for the input bias currents must always be 
provided to prevent charging of stray capacitance. Other- 
wise the output can wander and saturate. A IMH to 
lOMH resistor from the input to common will return 
floating sources such as transformers, thermocouples, 
and AC-coupled inputs (see Applications section). 



positive input, stray capacitance from the output will 
create a net negative feedback and improve the circuit 
stability. If the impedance in the positive input is greater, 
the feedback due to stray capacitance will be positive 
and instability may result. The degree of positive feedback 
depends upon source impedance imbalance, operating 
gain, and board layout. The addition of a small bypass 
capacitor of 5pF to 50pF directly between the inputs of 
the I A will generally eliminate any positive feedback. 
CMR errors due to the input impedance mismatch will 
also be reduced by the capacitor. 

The IN Alio is designed for fast settling with easy gain 
selection. It has especially excellent settling in high gain. 
It can also be used in fast-settling unity-gain applications. 
As with all such amplifiers, the INAllO does exhibit 
significant gain peaking when set to a gain of 1. It is, 
however, unconditionally stable. The gain peaking can 
be cancelled by band-limiting the negative input to 
400kHz with a simple external RC circuit for applications 
requiring flat response. CMR is not affected by the 
addition of the 400kHz RC in a gain of I. 

Another distinct advantage of the INAllO is the high 
frequency CMR response. High frequency noise and 
sharp common-mode transients will be rejected. To 
preserve AC CMR, be sure to minimize stray capacitance 
on the input lines. Matching the RCs in the two inputs 
will help to maintain high AC CMR. 



DYNAMIC PERFORMANCE 

The INAllO is a fast-settling FET input instrumentation 
amplifier. Therefore, careful attention to minimize stray 
capacitance is necessary to achieve specified performance. 
High source resistance will interact with input capaci- 
tance to reduce the overall bandwidth. Also, to maintain 
stability, avoid capacitance from the output to the gain 
set, offset adjust, and input pins (see Figure 2 for PC 
board layout). 

Applications with balanced-source impedance will pro- 
vide the best performance. In some applications, mis- 
matched source impedances may be required. If the 
impedance in the negative input exceeds that in the 



APPLICATIONS 

In addition to general purpose uses, the INAllO is 
designed to accurately handle two important and demand- 
ing applications: (1) inputs with high source impedances 
such as capacitance/ crystal/ photodetector sensors and 
low-pass filters and series-input protection devices, and 
(2) rapid-scanning data acquisition systems requiring 
fast settling time. Because the user has access to the 
output sense, current sources can also be constructed 
using a minimum of external components. Figures 7 
through 24 show application circuits. 
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FIGURE 7. Transformer-Coupled Amplifier. 
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Driver minimizes degredation of CMR due to 
distributed capacitance on the input lines 



FIGURE 8. Floating Source Instrumentation 
Amplifier. 



FIGURE 9. Instrumentation Amplifier with Shield 
Driver. 
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* Larger resistors and a smaller capacitor can be used 





FIGURE 10. Bridge Amplifier with IHz Low-Pass Input Filter. 
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• Use manual switch or low resistance relay 
Layout is critical (see section on Dynamic Performance) 



FIGURE 11. AC-Coupled Differential Amplifier for 
Frequencies Greater Than 0.016Hz. 



FIGURE 12. Programmable-Gain Instrumentation 
Amplifier (Precision Noninverting or 
Inverting Buffer with Gain). 
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FIGURE 13. Ratiometric Light Amplifier (Absorbance 
Measurement). 
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FIGURE 14. Rapid-Scanning-Rate Data Acquisition 
Channel with 5fis Settling to 0.01%. 
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FIGURE 15. Fast-Settling Low-Noise Instrumentation 
Amplifier with Gain of 1000. 
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FIGURE 16. Precision Gain-of-10 Amplifier with 60Hz 
Input Notch Filter. 
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~15V 

For lower voltage, lower resistor noise 

Ri = R2 = 20kQ, Di - D4 = FDH300 (InA leakage) 
For higher voltage, higher resistor noise 

Ri = Rz = lOOkO, D, - D4 = 2N4117A (IpA leakage) 
Matching of RCs on inputs will affect CMR, but 
can be optimized by trimming Ri or Rz 



FIGURE 17. Input-Protected Instrumentation Amplifier 
with Minimal Degradation of DC Accuracy. 
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FIGURE 18. Unity-Gain Differential Amplifier with 

Common-Mode Voltage Range of 1000 V. 



Burr-Brown IC Data Book 



3-74 



Vol. 33 



+Vref = 10V 



CalfbTa° on I ^" VzE«o = 100/iV 



Full- 
Scale 



^5000 



Calibration T ^-^s - 50mV 



Signal jfi\^ 



-O S2 



-o 




ADC71 
16-Bit 



Fast PET input allows high throughput for many channels with virtually no 
DC error from bias current interacting with switch and source resistance 



FIGURE 19. Load Cell Weighing Scale Instrumentation Amplifier. 
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FIGURE 20. Differential Input Power Amplifier. 
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louT = (AVin) (G) (1/10k + 1/R)) O 

For 0mA to 20mA output, R = 50 250 with (AVin) (G) = IV 



FIGURE 21. Differential Input FET Buffered Current 
Source. 
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FIGURE 23. Differential Input/ Differential Output 
Amplifier. 



FIGURE 22. Thermocouple Amplifier with Cold Junc- 
tion Compensation and Input Low-Pass 
Filtering (<1 Hz). 
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FIGURE 24. Digitally-Controlled Fast-Settling Programmable-Gain Instrumentation Amplifier. 
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AVAILABLE IN 
DIE FORM 



< 



Precision High Common-[\/lode Voltage 

Unity-Gain 

DIFFERENTIAL AMPLIFIER 



FEATURES 

• HIGH COMMON-IVIODE RANGE: ±200VDC OR 
ACpk. continuous 

• UNITY GAIN: 0.02% GAIN ERROR, max 

• EXCELLENT NONLINEARITY: 0.001% max 

• HIGH CMR: 86dB, min 

• 8-PIN TO-99 OR PLASTIC DIP 

• LOW COST 



DESCRIPTION 

The INA117 is a precision unity-gain differential 
amplifier offering an extremely high common-mode 
input voltage range. As a monolithic circuit, it offers 
high reliability at low cost. The INA117 consists of a 
premium operational amplifier with an integrated 
precision resistor network. In instances where an 
isolation amplifier is used for its inherent high 
common-mode capabilities and not for galvanic 
isolation, the INA117 may be substituted at substan- 
tially lower cost. No costly isolation power supply is 
needed. 

The IN All? is completely self-contained and offers 
the user a highly versatile function. No adjustments 
to gain, offset or CMR are needed. This provides 
three important advantages: lower initial design 
engineering time, lower manufacturing assembly 
time and cost, and easy, cost-effective field repair of 
a precision circuit. 



APPLICATIONS 

• AC OR DC POWER LINE MONITORING 

• TEST EQUIPMENT 

• INDUSTRIAL PROCESS CONTROL 

• GROUND BREAKER 

• INDUSTRIAL DATA ACQUISITION SYSTEMS-INPUT 
BUFFER WITH OVER-VOLTAGE PROTECTION 
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Compensation 
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SPECIFICATIONS 

ELECTRICAL 

At +25°C, Vcc = ±15V unless otherwise noted 



PARAMETER 


CONDITIONS 


INA117AM 


INA117BM 


INA117P 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


GAIN 
























Initial'^' 






1 
















v/v 


Error 






01 


05 






02 






* 


% 


vs Temperature 






2 


10 






* 








ppm/°C 


Nonlinearity'^' 






0002 


001 






* 






* 


% 


OUTPUT 
























Rated Voltage 


lo = +20mA, -5mA 


10 


12 




* 






* 






V 


Rated Current 


Eo = 10V 


+20. -5 






* 






* 






mA 


Impedance 






01 



















Current Limit 


To common 




+49, 
-13 
















mA 


Capacitive Load 


Stable operation 




1000 
















pF 


INPUT 
























Impedance 


Differential 




800 
















kQ 




Common-mode 




400 










* 






kQ 


Voltage Range 


Differential 
Common-mode, continuous 


±10 
±200 






* 






* 






V 
VDC, ACpk 


Common-mode Rejection'^' 




70 


80 




86 


94 




* 






dB 


vs Temperature DC 


Ta = Tm.n to Tmax 


66 


75 




80 


90 










dB 


AC, eOHz 




66 


80 




* 


94 










dB 


OFFSET VOLTAGE 


RTO'*' 






















Initial 






120 


1000 




* 


1000 






* 


//V 


vs Temperature 


Ta = Tmin to Tmax 




85 


40 




* 


20 




* 




fj\J/°C 


vs Supply 


±Vcc = 5V to 18V 


74 


90 




80 


* 




* 






dB 


vs Time 






200 






* 










/uV/mo 


OUTPUT NOISE VOLTAGE 


RTC' 






















Fb = 01Hz to 10Hz 






25 






* 










//Vp-p 


Fo = 10kHz 






550 






* 










nV/s Hz 


DYNAMIC RESPONSE 
























Gam Bandwidth 


-3dB 




200 






* 










kHz 


Full Power Bandwidth 


Vo = 20VP-P 


30 






* 






* 






kHz 


Slew Rate 




2 


2'6 




* 


* 




* 






V//US 


Settling Time 1% 


Vo = 10V step 




65 






* 










fjS 


01% 


Vo = 10V step 




10 






* 










fJS 


01% 


VcM = 10V step. VoiFF = OV 




45 






* 










fjS 


POWER SUPPLY 
























Rated 






±15 






* 










V 


Voltage Range 


Derated performance 


±5 




±18 


* 




* 


* 






V 


Quiescent Current 


VouT = OV 




15 


20 




* 


* 








mA 


TEMPERATURE RANGE 
























Specification 




-25 




+85 






* 







+70 


°C 


Operation 




-55 




+125 


* 




* 


-25 




+85 


°C 


Storage 




-65 




+150 


* 




* 


-40 




+85 


°C 



♦Specification same as for INA117AM 

NOTES (1) Connected as difference amplifier (2) Nonlinearity is the maximum peak deviation from the best-fit straight line as a percent of full-scale peak-to- 
peak output (3) With zero source impedance (see Offset and CMR section) (4) Includeseffectsof amplifier's input bias and offset currents (5) includes effects 
of amplifier's input current noise and thermal noise contribution of resistor network 



ORDERING INFORMATION 



Model 


Package 


Temperature 
Range 


INA117AM 
INA117BM 
INA117KP 


Aeta\ TO-99 
^etal TO-99 
Plastic DIP 


-25°Cto+85°C 
-25°Cto+86°C 
0''Cto+70»C 


BURN-IN SCREENING OPTION 

See text for details 


Model 


Package 


Burn-In Temp. 

(160h)"' 


INA117AM-BI 
INA117BM-BI 
INA117KP-BI 


Metal TO-99 
Metal TO-99 
Plastic DIP 


+125°C 
+125°C 
+85° C 



NOTE. (1) Or equivalent combination. See text 



Burr-Brown IC Data Book 



3-78 



Vol. 33 



MECHANICAL 



TO-99 Package 



t:!zd 




73 




NOTE Leads in true position 
within 01" (0 25mm) R at MMC 
at seating plane 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


C 


165 


185 


419 


4 70 


D 


016 


021 


41 


53 


E 


010 


040 


25 


1.02 


F 


010 


04O 


25 


102 


G 


200 BASIC 


5,08 BASIC 1 


H 


028 


034 


071 


86 


J 


029 


045 


74 


1 14 


K 


500 


_ 


12 7 


_ 


L 


■ 110 


160 


2 79 


406 


M 


45° BASIC 


45° BASIC 


N 


095 105 


2 41 1 2 67 



< 




"P" Package— Plastic DIP 



p/ 'l^ IJ tJ y 




. ',1 I, - 



J Um -^^ 



H.LJL- 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


355 


400 


9 02 


1016 


Ai 


340 


385 


8 64 


9 78 


B 


230 


290 


5 84 


7 37 


Bi 


200 


250 


5 08 


6 35 


C 


120 


200 


3 05 


5 08 


D 


015 


023 


38 


58 


F 


030 


070 


76 


178 


G 


100 BASIC 


2 54 BASIC 


H 


025 


050 


64 


127 


J 


008 


015 


20 


38 


K 


070 


150 


178 


3 81 


L 


300 BASIC 


7 63 BASIC 


M 


0° 


15° 


0° 


15° 


N 


010 


030 


25 


76 


P 


025 


050 


64 


127 



NOTE Leads in true 
position within 01" 
(0 25mm) R at MMC at 
seating plane Pin 
material and plating 
composition conform to 
method 2003 (solder- 
abihty) of MIL-STD-883 
(except paragraph 3 2) 
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PIN DESIGNATIONS 



ABSOLUTE MAXIMUM RATINGS 



Top View Metal TO-99— INA117AM, BM 

Tab 



Case connected to 
-Vcc internally 
Make no connection 




J Output 



Top View 



Plastic DiP-INA117P 




Supply ±22V 

Input Voltage Range (Common & Differential) 

Continuous ±200V 

Momentary, 10s ±500V 

Operating Temperature Range M -55°C to +125°C 

P -25°C to +85°C 

Storage Temperature Range M -65°C to +125°C 

P -40°C to +85°C 

Lead Temperature (soldering 10s) +300°C 

Output Short Circuit to Common Continuous 



BURN-IN SCREENING 

Burn-in screening is an option available for both the 
plastic- and ceramic-packaged INAl 17. Burn-in duration 
is 160 hours at the temperature shown below (or 
equivalent combination of time and temperature). 

Plastic "-BI" models: +85° C 
Ceramic "-BI" models: +125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 
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TYPICAL PERFORMANCE CURVES 

Ta = +25°C, ±Vcc = 15V unless otherwise noted 



STEP RESPONSE 
No Load 



SMALL SIGNAL RESPONSE 
No Load 



SMALL SIGNAL RESPONSE 
Rl = «». Cl = lOOOpF 






COMMON-MODE REJECTION 
VS FREQUENCY 



IS 

o 



1 








INA117BM 


^ 


INAir 


^AM, P 


< 


\ 












\ 



100 Ik 

Frequency (Hz) 



POWER-SUPPLY REJECTION 
VS FREQUENCY 



^ -80 






100 Ik 10k 

Frequency (Hz) 



DISCUSSION OF 
SPECIFICATIONS 

Refer to Figure 1. Resistor networks at the amplifier 
input divide the input voltages down to levels suitable 
for the operational amplifier's common-mode and dif- 
ferential signal capabilities. Feedback around the oper- 
ational amplifier then restores overall circuit gain to 
unity for differential signals, while preserving high 
common-mode rejection. 

BASIC POWER SUPPLY AND 
SIGNAL CONNECTIONS 

Figure 1 also shows the proper connections for power 
supply and signal. Supplies should be decoupled with 
IjLtF tantalum capacitors as close to the amplifier as 
possible. To avoid gain and CMR errors introduced by 
the external circuit, connect grounds as indicated, being 
sure to minimize ground resistance. 

OFFSET AND COMMON-MODE REJECTION 

Two factors are important in maintaining high CMR: 
resistor matching and tracking (already trimmed in the 
INA117 for the user) and source impedance. 
CMR depends on the accurate matching of several 
resistor ratios. High accuracies needed to maintain the 
specified CMR and CMR temperature coefficient are 
difficult and expensive to reliably achieve with discrete 
components. 




FIGURE 1. Basic Power Supply and Signal 
Connections. 
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Any external resistance imbalance adds directly to these 
resistor ratios. These imbalances can occur either directly 
in series with Ri or R3 or in series with R4 or R5. For 
example, 4(1 added in series with pin 1 or 76ft in series 
with pin 2 will degrade CMR from 86dB to 72dB. 

When input filters are used preceding an instrumentation 
amplifier, care should also be taken to match RCs on the 
two input lines. For example, mismatched input filters 
for high frequencies will reduce the CMR at lower 
frequencies, e.g., 60Hz. Differential filters will not de- 
grade AC CMR. 

Figures 2a, b, and c show circuitry to allow trim of both 
CMR and DC offset. Use of these circuits will affect gain 
accuracy slightly. 



Adding as the root of the sums squared: 

Eno — V Enoi "I" Eno2 



X Y 

200fi 



20- 



> 

J 




V 

(a) CMR Adjust 

X Y +^- 

fiooko y 

(b) Vos Adjust 

Range = ±1 5mV 




(c) CMR and Vos Adjust 

Vos Range = ±1 5mV 



FIGURE 2. CMR and Vos Adjustment. 

RESISTOR NOISE IN THE INA117 

Figure 3 shows the model for calculating resistor noise in 
the INA117. Resistors have Johnson noise resulting from 
thermal agitation. The expression for this noise is: 

Erms =\/27rKTRB 
Where: K - Boltzman's constant (J/°K) 
T = Absolute temperature (°K) 
R = Resistance (ft) 
B = Bandwidth (Hz) 

At room temperature, this noise becomes: 

En== 1.3X10"''n/R (V/n/H^) 

The two noise sources in Figure 3 are: 
Eni= 1.3X10"'^Vr7 
EN2=1.3X10"''N/Ri 
Referred to output, 

Enoi = Eni(R2/R5) 

En02 = En2L(R2/Ri|| R5)+1] 



(V/VH^) 

(V/n/IE) 



(V/nAHz) 



Eno at a 200kHz bandwidth 
= 0.27mVrms 
= 1.6mVp-p with a crest factor of 6 

(statistically includes 99.7% of all noise peak 

occurrences) 




FIGURE 3. Resistor Noise Model. 

APPLICATIONS CIRCUITS 

The INA117 is ideally suited for a wide range of circuit 
functions. The following figures show many applications 
circuits. 

BATTERY CELL MONITOR 

Batteries are often charged in series. The INA117 is ideal 
for directly monitoring the condition of each cell. Oper- 
ating range is up to ±200V, and differential fault con- 
ditions in this range will not damage the amplifier. Since 
the INA117 requires no isolated front-end power, cost 
per cell is very low. 




Cell Select 



O 

z 

UJ 

S 



FIGURE 4. Battery Cell Monitor. 
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BRIDGE AMPLIFIER LOAD CURRENT MONITOR 

Bridge amplifiers are popular because they double the 
voltage swing possible across the load with any given 
power supply. In this circuit Ai and A2 form a bridge 
amplifier driving a load. Ai is connected as a follower 
and A2 as an inverter. 

At low frequencies, a sense resistor could be inserted in 
series with the load and an instrumentation amplifier 
used to directly monitor the load current. Under high 
frequency or transient conditions, CMR errors limit the 
accuracy of this approach. An alternate approach is to 
measure the power amplifier supply currents. To under- 
stand how it works, notice th^t since essentially no 
current flows in the amplifier inputs, Iload = Ii — I2. 
A3 and A4 are INAllTs used to monitor Ai supply 



currents Ii and I2 across sense resistors Ri and R2. Since 
the INA117 has a ±200V CMV range, the inputs (pins 2 
and 3) can be tied to ±Vcc as long as the differential 
input is less than lOV. 

If Ri = R2 = R 

then ei = Ii X R 

€2 = -I2 X R 
and ei -f e2 = Iload X R 
As is an IN A 105 difference amplifier connected as a 
noninverting summing amplifier with a gain of 5. The 
accurate matching of the two 25kn input resistors makes 
a very accurate summing amplifier. 

eo = 5 (ei + e2) = 5 (Iload X R) 
since R = 0.20 
eo = Iload (IV/A) 



Power Amplifier Supply (200\/ max) 



Ri 
020 




V 



^>^ 



o— ^ 

er 



R2 
0.20 




lOkQ lOkO 



^ 



^ 



1kfi 2 5 9kQ 




tzzr^ I 



©0 = Load 



" I I 



INA105 
eo = 5(ei +82) 



Power Amplifier Supply (-200V max) 



FIGURE 5. Bridge Amplifier Load Current Monitor. 
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-r"^ 



4-20mArj 



■r/ 



^A- 




%^') NE2H 



FIGURE 6. 4-20mA Current Receiver. 



VOUT 

AC/DC 
Power 
Supply 



+200V max 



^S,,^ ISENSE 2> I ^S,„^ 

INAII^—O > INA11^-0 



-r 



FIGURE 7. Power Supply Current Monitor. 







INA11^-0 






INA11^-0 












R 




H 




R 


-O ±200Vpk 


±200Vpk 




K. 


¥~ 


1 


INAII^- 


^. 


Choose R to match 
current level 


i 


J 


H 




i 


±200Vpk 







^ • 21 IkQ 
V.nO ^VA 



I 

I 
2 I 380kQ 



r- 



380kO 



I 



i 380kn \ ; 




6 

-o 



20kQ 



I ^ 'NA117 j 



< 

z 



FIGURE 9. Inverting Amplifier, Gain = 18. 




FIGURE 8. Three-Phase Current Monitor. 



FIGURE 10. Inverting Amplifier, Gain = 19. 



LEAKAGE CURRENT TEST MONITOR 

When the return path is not independently available, 
leakage current must be measured in series with the 
input. When the 400kn input impedance of the INA117 
is too low, a buffer amplifier may be added to the front 
end. In this example, an OPA128 electrometer-grade 
operational amplifier is used. The IkO and 9kn feedback 
resistors set a noninverting gain of 10. Bias current of the 
amplifier is less than 75fA. The diodes and lOOkH 
resistor protect the amplifier from 200V short circuit 
fault conditions. 

Since common-mode rejection is the ratio of common- 
mode gain to differential gain, CMR is boosted. The 
20dB gain of the OPA128 added to the 86dB CMR of the 
INA117 results in a total CMR of 106dB minimum. 
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Y ±200V Max 



IkQ 9kn 

,, i^^ m y-m V/y 

(. vsA^— 1 — 1 >=:——- 



Device 
Under 
Test 



1. 



W3Qr 



Model PWS725 
Isolated DC/DC Converter 



^ 



-VA- 



^Wyv- 




. = II X 10^ 
(IV/nA) 



FIGURE II. Leakage Current Monitor. 



MAINTAINING GAIN ACCURACY AND CMR IN 
IsENSE APPLICATIONS 

Figure 12 shows the INA1I7 used as a transimpedance 
device, i.e.. 

Vol I Ii = I gm 
To calculate a value for Rs and Rcomp: 

_ (1 gm)380k 
Rs-RcoMP- 3^ok-(l gm) 

Example: 

For IV out per 4mA of Ii 

Fgm= IV 4mA = 250 

Rs = RcoMP = 250 (380k)/ 380k - 250 = 250.165 
For Rs < 380n, Maximum Error = 0.02%. 



Q 200V max 

-K) 



! 380kfi 



>Rs 



-VA- 



y I 380kn 

•o — y^ — [-v/v— 



f 



380kQ 




I 211kfi$ <20kO 






FIGURE 12. Using the INA1I7 as a Transimpedance 
Device. 
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BURR-BROWN ® 

IMMl 




PGA100 



§ 

< 
O 
CL 



Digitally-Controlled 

Programmable Gain/l\/lultiplexed Input 

OPERATIONAL AIVIPLIFIER 



FEATURES 

• HIGH GAIN ACCURACY. ±a02%. max (B grade) 

• LOW NONLINEARITY. ±0.005%. max (B grade) 

• FAST SETTLING. Spsec to 0.01% 

• LOW CHANNEL-TO-CHANNEL CROSSTALK. ±0.003% 

• INPUT PROTECTION. ±20V. max above ±Vcc 

• 8 ANALOG INPUT CHANNELS WITH HIGH Z|n. 10)>n 

• 8 BINARY GAINS 1. 2. 4. & ia 32. 64. 128 |V/V) 

• FULLY MICROPROCESSOR-COMPATIBLE 

DESCRIPTION 

The PGA 100 is a precision, digitally-programmable- 
gain multiplexed-input amplifier. The user can select 
any one of eight analog input channels simulta- 
neously with any one of eight noninverting binarily 
weighted gain steps from 1 to 128 (V/ V). The digital 
gain and channel select are latchable for micro- 
processor interface. Also, the fast 5/usec settling time 
is ideal for rapid channel scanning in data acquisition 
systems. 
Precision laser-trimming of both offset voltage and 

fcpo 



APPLICATIONS 

• DATA ACQUiSmON SYSTEM AMPLIFIER 

• SOFTWARE ERROR CORRECTIBN 

• AUTO-ZEROING CAPABILITY 

• DIGITALLY-CONTROLLED AUTORANGING SYSTEM 

• TEST EQUIPMENT 

• REMOTE INSTRUMENTATION SYSTEM 

• SYSTEM DYNAMIC RANGE AND RESOLUTION 

IMPROVEMENT 



gain accuracy, with good temperature tracking of 
feedback resistor ratios, permits direct use without 
adjustments. However, hardware or software cor- 
rection of errors is readily achievable. 
In addition, gain scaling to gains other than 1 to 
128V/ V can easily be accomplished. 

Microcircuit construction and the use of laser- 
trimmed thin-film feedback resistors achieve high 
accuracy, small size, and low cost not obtained with 
discrete designs. 
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SPECIFICATIONS 

ELECTRICAL 

Specifications at Ta = +25oC, ±Vcc = 15VDC, Vdd = 



+5VDC unless otherwise noted. 



PARAMETER 


CONDITIONS 


PGA100AG 


PGA100BG 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


GAIN, G 1 


Inaccuracy(i) 


G=1 to 128, lo = 1mA 




±0.01 


±0.05 


' 


±0 005 


±0 02 


% 


vs Temperature(2) 


-250c < Ta < +85°C 




±5 


±10 




* 


* 


ppm/°C 


vs Time 






±0 001 






* 




%/1000hrs 


NonlmearityO) 


G = 1 to128, lo=1mA 




±0 004 


±0 01 




±0 002 


±0 005 


% of FS 


vs Temperature(2) 


-250 c < Ta < +85° C 




±2 


±5 






* 


ppm/°C 


vs Time 






±0.001 






* 




%/1000hrs. 


Warm-up Time 




1 






* 






mm 


RATED OUTPUT 1 


Voltage 


lo = ±2mA 


±10 






* 






V 


Current 


Vo = ±10V 


±2 






* 






mA 


Output Resistance 


G<128 




0.05 






* 




n 


Short Circuit Current 






±15 






* 




mA 


Capacitive Load Range 


Phase Margin > 25° 




1000 






* 




PF 


INPUT OFFSET VOLTAGE | 


Initial 


Ta = +25°C 




±01 


±1 




±0 05 


±0.5 


mV 


vs Temperature 


-25°C < Ta < +85°C 




±6 






* 




mV/°c 


vs Supply Voltage 


±8VDC<| Vcc |<±18VDC 




±10 


±80 




* 


* 


mV/V 


vs Time 






±15 






* 




/iV/mo. 


INPUT BIAS CURRENT | 


Initial 


Ta = +25°C 
















"OFF" Channel 






±10 






* 




pA 


"ON" Channel 






±0.1 








±1 


nA 


vs Temperature 






Note 4 












INPUT DIFFERENCE CURRENT, 










BETWEEN CHANNELS 










Initial 


Ta = +25°C 
















"OFF" Channel 






±20 






* 




pA 


"ON" Channel 






±0.2 








±2 


nA 


vs Temperature 






Note 4 












ANALOG INPUT CHARACTERISTICS | 


Absolute Max Voltage 


No damage 






±(|Vcc|+20) 




* 


V 


Input Voltage Range 


Linear operation 


±10 






* 






V 


Input Impedance 


















"OFF" Channel 






1012 II 5 










nil pF 


"ON" Channel 






1011 II 25 






* 




nil pF 


INPUT NOISE 1 


Voltage Noise Density 


fo = 1Hz 
fo = 10Hz 
fo = 100Hz 
to = 1kHz 
fo = 10kHz 
fo = 100kHz 




200 
60 
25 
18 
18 
18 










nV/VHz 
nV/x/Hz 
nV/\/Hz 
nV/x/FE 
nV/^/Hz 
nV/x/Hz 


Voltage Noise 


fB = 0.1Hz to 10Hz 




2.6 










/iV, p-p 


Current Noise Density 


fo = 0.1 Hz thru 8kHz 




6 










fA/>/Hz 


Current Noise 


fB = 1Hz to 10Hz 




115 










fA, p-p 


DYNAMIC RESPONSE | 


Gain Bandwidth Product 






5 










MHz 


Full Power Bandwidth 


G =.1, Vo = 20V, p-p. Rl = 5kn 




220 




80 






kHz 


Slew Rate 


G = 1,Vo = ±10V, RL = 5kn 




14 




5 






V/Msec 


Settling Time(5) 


G = 1, Vo = ±10V, RL = 5kn 
















e = 1% 






25 










Msec 


e = 1% 






3 










Msec 


e = 0.01% 






5 










Msec 


Rise Time 


10% to 90%, small signal 




70 










nsec 


Phase Margin 


G = 1,RL = 5kn 




60 










Degrees 


Overload Recovery (6) 


G = 1 , 50% overdrive 




2 










Msec 


Crosstalk, RTI(5)(7) 


20V, p-p, 1kHz sine, Rs = IkH 
on all OFF channels 




±0.003 










% 


DIGITAL INPUT(8) | 


Input "Low" Threshold, Vil 








08 








V 


Input "High" Threshold, Vih 




20 












V 


fmax, Maximum Clock Frequency 




30 












MHz 


twL, Clock Pulse Width (Low) 


Figure 1 


20 












nsec 


ts^. Setup Time (Data to CP) 


Figure 1 


20 












nsec 


thi. Hold Time (Data to CP) 


Figure 1 


5 












nsec 


tsg, Setup Time (CE to CP) 


Figure 1 


25 












nsec 


thg, Hold Time (CE to CP) 


Figure 1 


5 












nsec 
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ELECTRrCAL (CONT) 



PARAMETER 


CONDITIONS 


PGA100AG 


PGA100BG 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


ANALOG SUPPLY I 


Rated Voltage 

Voltage Range 

Positive Quiescent Current 

Negative Quiescent Current 


Derated performance 


±8 


±15 

+20 
-10 


±18 
+27 
-16 




-15 
-7.5 


+20 
-12 


VDC 
V 

mA 
mA 


DIGITAL SUPPLY | 


Rated Voltage 
Voltage Range 
Quiescent Current 


Vdd = +5 25V 


+4 75 


+6 
15 


+5 25 
27 






VDC 
V 

mA 


TEMPERATURE RANGE I 


Specification 

Operating 

Storage 


Derated performance 


-25 
-55 
-55 


-85 
-125 
+ 125 








°C 



§ 

< 
O 
Q. 



•Specifications same as PGA100AG 
NOTES 

1 Inaccuracy is the percent error between the actual and ideal gam 
selected It may be externally adjusted to zero 

2 Parameter is untested and is not guaranteed This specification 
IS established to a 90% confidence level 

3 Nonlmearity is the maximum peak deviation from a "best straight line" 
(curve fitting on input-output graph) expressed as a percent of the full 
scale peak-to-peak output Gam constant, Vout ranges from-iov to +10V 

4 Doubles approximately every 10°C 

5 See Typical Performance Curves 

6 Time required for the output to return from saturation to linear 
operation following the removal of an input overdrive signal 

7 Crosstalk is the amount of signal feedthrough from all OFF channels 
that appears at the output of the input multiplexer It is expressed as a 
percent of the signal applied to all OFF channels 

8 All digital inputs are one 74LSTTL load 



ABSOLUTE MAXIMUM RATINGS 



MECHANICAL 



Analog Supply 


±18V 


Digital Supply 


+7V 


Input Voltage Range. Analog 


±(|Vccl+20)V 


Input Voltage Range, Digital 


-I-7V 


Storage Temperature Range 


-55°Cto+125«C 


Lead Temperature (soldering 10 seconds) 


300«C 


Output Short-circuit Duration 


Continuous to ground 


Junction Temperature 


175«C 



PIN DESIGNATIONS 









IN7(7^ 




g)lN3 


\mQ^ 




2^IN2 


IN5^ 




^IN1 


IN4^ 




^INO 


ANALOG ^ 

COMMON* W 

Ao0 

Ai^ 




^ ANALOG 
^COMMON* 
'19^CE (Clock 
W Enable Not) 
18)CP (Clock Pulse) 


A2^ 




In As 


A3^ 




n^A4 


-Vcc^ 




@Vdd 


vouTnT 

GAIN/>;> 
SCALE/ViS 




<JJ\ DIGITAL 
UV COMMON 

@+Vcc 


ADJUST 






•Connected internally, Use pm 20 as the primary analog common. 



I 



Pin numbers shown for reference only 
Numbers may not be marked on package. 



o o o J ^ 



t 



n 



r 



NOTE- 

Leads in true position within 

0.01 0" ( 25mm ) R at MMC at seating plane. 



t 



TTTTTTmr 



CASE Black Ceramic 

MATING CONNECTOR 245MC 

PIN Pin material and plating composition conform to 

method 2003 (solderability) of MIL-STD-883 (except 

paragraph 3 2) 
WEIGHT 6 3 grams (0 225 oz.i 
HERMETIC ITY- Conform to method 1014 Condition C 

Step 1 (fluorocarbon) of MIL-STD-883 (gross leak). 



DIM 


INCHES 


MILLIMETERS | 


(VlIN 


MAX 


MIN 


MAX 


A 


1 310 


1 360 


33 2 7 


34 54 


B 


770 


810 


19 56 


20 5 7 


C 


150 


210 


381 


5 33 


D 


018 


021 


46 


53 


f 


035 


050 


89 


1 2 ' 


(, 


100 BAStC 


2 54 BASIC 1 


H 


110 


130 


2 79 


3 30 


K 


150 


250 


381 


o 35 


L 


600 BASIC 


15 24 BASIC 1 


N 


002 


010 


05 


25 


R 


08b 


105 


2 16 


2 6/ 



0) 
Ul 



a. 

S 
< 



^ 



lU 

S 
3 
DC 

is 



ORDERING INFORMATION 



Model 


Package 


Temperature 
Range 


PGA100AG 
PGA100BG 


Ceramic 
Ceramic 


-25° C to +85° C 
-25° C to +85° C 


BURN-IN SCREENING OPTION 

See text for details 


Model 


Package 


Burn-In Temp. 

(160h)"' 


PGA100AG-BI 
PGA100BG-BI 


Ceramic 
Ceramic 


+125°C 
+125°C 



NOTE- (1) Or equivalent combination See text 
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TYPICAL PERFORMANCE CURVES 

(Ta = +25°C, ±Vcc = 15VDC, Vdd = +5VDC, unless otherwise noted.) 



GAIN ACCURACY VS GAIN 



GAIN NONLINEARITY VS GAIN 



GAIN ACCURACY AND NONLINEARITY 
VS TEMPERATURE 




GAIN ACCURACY AND 
NONLINEARITY VS OUTPUT CURRENT 



SETTLING TIME VS GAIN 






















V0U7 
R 


= 20V 
S = 50 
L = 5k 


^ P-P 










R 


n 

01%.^ 


1 












1 




7/ 










V 


^ 


^ 










^ 






B=9 


BBS 


^SI 





60 

50 

o 

0) 
<D 

E 
H 30 



•35 -15 +5 +25 +45 +65 +85 

Temperature (°C) 

SETTLING TIME VS GAIN AND 

SOURCE RESISTANCE 



CO 



^n 20 

10 



















VoUT = 20V, p-p ' 
e = 001%, RL = 5kn 


/ 










/ 


j 














RS = 


R 

lOkfU 

\ 


/ 

s = 100kfl 

1 ^ 


/ 






J^ 


< 










^ 


A 












Rs< 


H 



1 2 3 4 5 6 

Output Current (mA) 



SMALL SIGNAL FREQUENCY RESPONSE 



1 2 4 8 16 32 64 128 
Gain (V/V) 



50 

40 

m 30 

i 20 

10 







1 

G = 128 
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BURN-IN SCREENING 

Burn-in screening is an option available for the PGA 100. 
Burn-in duration is 160 hours at the temperature shown 
below (or equivalent combination of time and temp- 
erature). 

Plastic "-BI" models: +85° C 
Ceramic "-BI" models: +125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

DISCUSSION OF 
PERFORMANCE 

The PGA 100 is a self-contained programmable-gain 
amplifier whose gain can be changed in 8 binarily 
weighted steps from 1 to 128 or as scaled externally 
through the gain scale/ adjust pin. The gain control is 
accomplished by the gain switch (break-before-make) 
whose position is determined by the 3-bit TTL address, 
A^, A4, and As. When selected, 1 of 8 positions connects 
the thin-film resistor network to the feedback loop of the 
op amp. This establishes the desired gain. (See Installa- 
tion and Operating Instructions for gain scaling.) 
Similarly, the 8 analog input channels are switched by the 
input multiplexer (break-before-make) whose position is 
determined by the 3-bit TTL address, Ao, Ai, and A2. 
Gain and channel selection.appear in Table 1. 64-channel 
gain combinations are possible. 

The digital inputs are latched by the positive transition of 
the clock pulse, pm 18, when the clock enable, pin 19, is 
low. The relative set up and holding times specified in the 
Electrical Specifications are shown in Figure 1. The 
internal latch is similar to the industry standard 74LS378. 
Figure 2 shows a timing diagram for selected addresses 
indicating: the enable function, changing channel and 
TABLE I. Gain and Channel Select Truth Table. 



gain, changing channel constant gain, and constant 
channel, changing gain. 
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FIGURE 2. Timing Diagram for Selected Addresses. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY AND SIGNAL CONNECTIONS 




FIGURE 1 . Data Address and Clock Enable Setup and 
Hold Times. 



FIGURE 3. Basic Power Supply, Ground, and 
Signal Connections. 

Figure 3 shows the proper analog and digital power 
supply connections. The supplies should be decoupled 
with IjuF tantalum and lOOOpF ceramic capacitors as 
close to the amplifier as possible. To avoid gain errors 
connect grounds as indicated being sure to minimize 
ground resistance. Note that a resistance of greater than 
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0.005n in series with the analog common will degrade the 
specified gain accuracy. IMPORTANT: Normally the 
digital ground is brought in from the digital power supply 
on a separate line. However, the analog and digital 
commons must be connected together somewhere in the 
system. 

OPTIONAL GAIN SCALE/ADJUST 

The gain scale/ adjust pin is shown in Figure 4. When no 
connection is made, gains appear as in Table I. At least 
two functions can be performed. First, the gain range can 
be scaled to gains other than 1 to 128, for example, 1 to 
100 or 1 to 1024. Gain steps, however, retain binary 
weighting. Some examples are: (1, 1, 2, 4, 8, 16, 32, 64 
with pins 1 1 and 1 2 connected together), ( 1 , 1.5625,3.125, 
6.25, 12.5,25,50, 100),(1, 12.5,25,50, 100,200,400,800), 
and (1, 16, 32, 64, 128, 256, 512, 1024). Scaling is 
accomplished by using a potentiometer, Ri, shown in 
Figure 4. Be certain to use a potentiometer of good 
mechanical and thermal stability. Additional gain drift 
with temperature should be minimal since it depends on 
the thermal tracking of the resistance ratio, Ra to Rb, set 
by the potentiometer. 



TCR 
< 100ppm/«C 




+15VDC 



4700pF dp ai/iF?!^ |R4 ADJUST 



OFFSET 
DJUS7 
SOkn 

15VDC 



FIGURE 4. External Gain and Offset Adjustment. 

Second, the gain inaccuracy, remaining after laser trim- 
ming at the factory, can be adjusted to zero at any gain 
other than unity. To improve resolution and limit 
adjustment range, a resistor may be added in series with 
the wiper of the potentiometer and pin 12. This will, 
however, increase gain drift. Figure 5 shows the effect of 
gain adjustment. Ri does not affect gain linearity. 

OPTIONAL OFFSET ADJUSTMENT 

Figure 4 also illustrates a technique for offset adjustment. 
This adjustment has no effect at unity gain. R2 will trim 
the offset to zero and have neglible effect on the gain 
accuracy. For best results, trim the offset at the highest 
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FIGURE 5. Effect of Gain Adjustment. 

gain. If R3 is made smaller, output offsetting can be 
accomplished. This can be used to introduce an inten- 
tional DC voltage at the output. The external amplifier 
used will add to the input noise, therefore, use one with a 
noise level of at least three times lower than that specified 
for the PGA 100. 

LAYOUT CONSIDERATIONS 

Proper attention to layout is necessary to achieve the 
specified performance of the PGAIOO. Major goals are to 
reduce crosstalk, noise pickup, noise coupled from the 
power supply, and gain errors. 

Be certain to separate analog and digital runs to avoid 
coupling of digital transients. To reduce gain errors, 
connect analog grounds with a ground plane or a low 
resistance star configuration as shown in Figure 3. 
Analog and digital commons must be connected at some 
point in the system to insure proper operation. 

GAIN INACCURACY AND NONLINEARITY 

As shown in Figure 3, connect pins 5 and 20 directly 
together at the unit and use pin 20 as the primary analog 
common. Ground resistance in series with pin 20 also 
appears in series with the internal gain-setting resistors 
and will decrease the magnitude of all gains except unity. 
The resulting accuracy error varies nonlinearly with the 
gain selected and therefore cannot be externally adjusted 
to zero for more than one gain at a time. Gain linearity is 
not affected by external ground resistance (see Per- 
formance Curves.) 

CROSSTALK 

Crosstalk is the amount of signal feedthrough from all 
OFF channels that appears at the output of the input 
multiplexer. It is expressed as a percent of the input signal 
applied to all OFF channels. For example, the 0.003% 
specification indicates that 0.6mV, p-p, out of a 20V, p-p, 
IkHz sine wave (applied to 7 OFF channels) will appear 
at the noninverting input of the internal op amp. Note 
that crosstalk increases with high frequencies due to the 
capacitive coupling between ON and OFF channels. It 
also increases with greater source resistance. However, 
because both the input signal and crosstalk noise are 
amplified equally, the resulting output signal-to-noise 
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ratio is independent of gain. Unused input channels 
should be grounded in order to reduce crosstalk and 
extraneous noise pickup. (See Performance Curves.) 

SETTLING TIME 

Settling time is the time required, after application of a 
step input signal, for the output voltage to settle and 
remain within a specified error band around the final 
value. It is a very important consideration since this will 
be the limiting parameter in determining the maximum 
channel scanning or throughput rate. The PGA 100 
specification includes the effects of both the multiplexer 
and amplifier. Note that settling time increases with 
increasing source resistance and gain. Minimum settling 
time is achieved by choosing a low source resistance, for 
example, Rs < lOkH and gains ^ 16. (See Performance 
Curves.) 

INPUT OVERVOLTAGE PROTECTION 

The PGA 100 provides input overvoltage protection of 
20V in excess of either power supply voltage expressed as 
±( |Vcc 1+20). This is achieved in the dielectrically 
isolated analog multiplexer which will withstand over- 
voltage even when the power supplies are off. As a 
consequence the PGA 100 is protected against high input 
levels and brief transient spikes of up to several hundred 
volts that can result from signals originating from outside 
the system . (See Performance Curves.) 

TYPICAL APPLICATIONS 

The PGA 100 is ideal for a variety of applications, 
especially where low channel-to-channel crosstalk is 
required. In many applications the PGA 100 will not 
require trimming of offset and gain errors. However, 
these can be minimized utilizing hardware or software 
error correction techniques. Figures 6 and 7 show 



applications of the PGA 100 separately and in a data 
acquisition system. 

Figure 7 shows a Data Acquisition System. In this system 
the PGA 100 allows the user to deal with signals of wide 
dynamic range while maintaining high system resolution. 
For example: When used with a 1 2-bit A/ D converter in 
a "floating point" system, the H gain range of the 
PGA 100 plus the 2^^ range of the converter produces a 
total system resolution of 2'^ (524,000 to 1). 
Also the user can modify and reprogram gain values for 
different analog input channels merely by changing the 
software computer program. Since different dedicated 
amplifiers are not required for various input channels, 
the PGA 100 also saves space and overall system costs. 
Software correction virtually eliminates system offset 
and gain errors over both time and temperature. 



inputJ^ hhezk 

SIGNALS J O- l S/H | - 
[< H LEVEL DET.| - 

lo 



CHANNEL SELECT 

GAIN SELECT — 
CP CE 



MAYBE "BEF 
USED FOR ERR0R{ I 
CORRECTION ■ — 




ANALOG COMMON 



FIGURE 6. Digitally Selectable Function Amplifier. 
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FIGURE 7. Use of PGAIOO in a Data Acquisition System with Software Auto-zero and Gain Calibration. 
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FEATURES 

• DIGITALLY-PROGRAMMABLE GAINS. XI, X10, X100 

• LOW GAIN ERROR, 0.01%, max 

• LOW GAIN DRIFT, 5ppm/<>C, max 

• LOW NONLINEARITY, 0.003%, max, MBIT 

• FAST SETTLING. 2.8//$, 0.01%, typ 

• THREE INDEPENDENT INPUT CHANNELS WITH 
SEPARATE GAIN ADJUSTMENT 

• LOW COST 

• SMALL 16-PIN DIP PACKAGE, CERAMIC AND PLASTIC 

DESCRIPTION 

The PGA102 is a precision digitally-programmable 
gain block. Its monolithic design permits low cost 
and high reliability. The user can select one of three 
gains (1, 10, 100), two of which are independently 
adjustable. The logic section has high input imped- 
ance and functions without a separate supply. Pre- 
cision laser-trimmed offset and gains permit use 
without external adjustments. High performance 



APPLICATIONS 

• DATA ACQUISITION AMPLIFIER 

• AUTORANGING AMPLIFIER UNDER COMPUTER 
CONTROL 

• SUPER-ACCURACY. LOW COST, FIXED GAIN BLOCK 

• TEST EQUIPMENT GAIN CONTROL 

• PORTABLE INSTRUMENT GAIN SELECTION 

• DATA LOGGING RANGING CONTROL 

• 3-CHANNEL MULTIPLEXER 



thin-film resistors wi«th excellent temperature track- 
ing assure low gain drift and excellent stability. 
The fast 2.8/Lisec settling makes the PGA102 ideal for 
rapid channel scanning in data acquisition systems. 
Also the high accuracy is very beneficial in test 
equipment and instrumentation applications where 
programmable or fixed gain is required. 
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SPECIFICATIONS 

ELECTRICAL 

At +25°C, ±\/cc = 15VDC unless otherwise specified 
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±0.007 


±0 02 




±0 003 


±0 01 








% 




G = 10 




±0 015 


±0.03 




±0 01 


±0.02 




* 


±0 05 


% 




G = 100 




±0 02 


±0 05 




±0 015 


±0 025 






±0 06 


% 


vs Temperature 


G = 1 
G = 10 
G = 100 




±0 4 

±2 
±7 


±5 
±7 
±20 










±9 




ppm/°C 
ppm/°C 
ppm/°C 


Nonlmearity 


Rl = 2kfi, G = 1 
G = 10 
G = 100 




001 
002 
003 


003 
005 
01 














% of FS 
% of FS 
% of FS 


RATED OUTPUT 
























Voltage 


Rl = 2kO 


±10 


±125 
















V 


Current 


VouT = 10V 


±5 


±10 












* 




mA 


Short Circuit Current 




±10 


±25 
















mA 


Output Resistance 






01 
















Q 


Load Capacitance 


For stable operation 




2000 












* 




PF 


INPUT OFFSET VOLTAGE 
























Initial'^' 


G = 1 




±200 


±500 




±100 


±250 




* 


±1500 


yuV 




G = 10 




±70 


±200 




±50 


±100 






±600 


/iV 




G = 100 




±70 


±200 




±50 


±100 






±600 


y"V 


vs Temperature 


G=1 




±5 


±20 










±7 


±50 


fjyrc 




G = 10 




±1 


±7. 










±3 


±10 


fjyrc 




G = 100 




±0 5 


±3 










±2 


±7 


//V/°C 


vs Supply Voltage 


±5 < Vcc < +18V 
G = 1 
G = 10 
G = 100 




±30 
±8 
±8 


±70 
±30 
±30 














/iV/V 
/uV/V 
//V/V 


INPUT BIAS CURRENT 
























Initial 


Ta = +25°C 




±20 


±50 




* 


* 








nA 


Over Temperature 


Ta min to Ta max 




±25 


±60 














nA 


ANALOG INPUT 
























CHARACTERISTICS 
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Current Noise 


fB = 01Hz to 10Hz 
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ABSOLUTE MAXIMUM RATINGS 



Power Supply +18V 

Input Voltage Range Analog ±Vcc 

Digital (Vp,N 3 - 5 6V) to +Vcc 

Storage Temperature Range G Package -65°C to +150°C 

P Package -55°C to +125°C 



Lead Temperature (soldering 10 seconds) +300°C 

Output Short-Circuit Duration Continuous to Common 

Junction Temperature. G Package +175°C 

P Package +110°C 
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ELECTRICAL (CONT) 



PARAMETER 


CONDITIONS 


PGA102AG 


PGA102BG/SG 


PGA102KP 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


DYNAMIC RESPONSE 

±3dB Bandwidth 

Full Power Bandwidth 
Slew Rate 

Settling Time (0 1%) 

Settling Time (0 01%) 

Overload Recovery 
Time, 1% 


Small signal, G = 1 
G = 10 
G = 100 
VouT = ±10V. Rl = 2kO 
VouT = ±10V step, 

Rl = 2kfi 
VouT = 10V step, G = 1 
G = 10 
G = 100 
VouT = 10V step, G = 1 
G = 10 
G = 100 
50% overdrive. G = 1 
(see Performance Curve) 
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28 
82 
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fJS 
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CROSSTALK 

DC 
60Hz 


±10V to both Off channels 
±10V to both Off channels 




-155 
-144 
















dB 
dB 


DIGITAL INPUT 
CHARACTERISTICS 

Input "Low" Threshold 
Input "Low" Current 
Input "High" Threshold 
Input "High" Current 
Logic Threshold Control 
Switching Time'^* 


Vil'^' on pin 1 or 2 

Vih'^' on pin 1 or 2 

VLTC on pin 3 
Between channels 


VLTC+2 
-Vcc 


01 
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VLTC+0 8 
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1 
Vcc -4 


* 












V 
A/A 

V 
A/A 

V 

/JS 


POWER SUPPLY 

Rated Voltage 
Voltage Range 
Quiescent Current 


VouT = OV 
No external load, 
VouT = ±10V 


±5 


±15 
±2 4 


±18 
±3.3 

±53 
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VDC 
VDC 

mA 

mA 


TEMPERATURE RANGE 

Specification, KP grade 
AG and BG grades 
SG grade 

Operating 

Storage 

Thermal Resistance 


Ta MIN to Ta max 
<9jA 


-25 

-55 
-65 


100 


+85 

+125 
+150 


-55 




+125 




-25 
-55 




+70 

+85 

+125 


°C 
°C 
°C 
°C 
°C 
°C/W 



* Specification same as AG grade 

NOTES (1 ) Gam inaccuracy is the percent error between the actual and ideal gam selected It may be externally adjusted to zero for gams of 10 and 100 (2) Offset 
voltage can be adjusted for any one channel Adjustment affects temperature drift by approximately ±0 3/uV/°C for each lOOyt/V of offset adjusted (3) Voltage on the 
logic threshold control pin, VLTC, adjusts the threshold for "Low" and "High" logic levels (4) Total time to settle equals switching time plus settling time of the newly 
selected gain 
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BURN-IN OPTION 

Burn-in screening is an caption available for the PGA 102. 
Burn-in duration is 160 hours at the temperature shown 
below (or equivalent combination of time and 
temperature). 

Plastic "-BI" models: +85°C 
Ceramic "-BI" models: +125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

PIN CONFIGURATION 



ORDERING INFORMATION 



z 

LU 

s 

3 

z 



X10 SELECT 

X100 SELECT 

LOGIC THRESHOLD CONTROL 

COMMON FORCE 

COMMON SENSE 

V,N, 1X1) 
V,N2 (X10) 
V,N3 (X100) 



*N0 INTERNAL 
CONNECTION 
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>y 

16 


2 


15 


3 


14 


4 


13 


5 


12 


6 


11 


7 


10 


8 


9 



+Vcc 

VoUT 

NC* 

-Vcc 

OFFSET ADJUST 

OFFSET ADJUST 

GAIN ADJUST (X10) 

GAIN ADJUST |X100| 



Model 


Package 


Temperature 
Range 


PGA102AG 
PGA102BG 
PGA102SG 
PGA102KP 


Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Plastic DIP 


-25° etc -85° C 

-25° etc -85° C 

-55°Cto-125°C 

0°Cto ^70° C 


BURN-IN SCREENING OPTION 

See text for details 


Model 


Package 


Burn-In Temp. 
(160h)'^' 


PGA102AG-BI 
PGA102BG-BI 
PGA102SG-BI 
PGA102KP-BI 


Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Plastic DIP 


+125°C 
^125°C 
+-125°C 
f85°C 



NOTE Or equivalent combination See text 
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MECHANICAL 



^k 



NOTE Leads in true position 
within 010" (0 25mm) 
R at seating plane 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


790 


810 


20 07 


20 57 


C 


105 


170 


2 67 


4 32 


D 


015 


021 


38 


53 


F 


048 


060 


1 22 


1 52 


G 


100 BASIC 


2 54 BASIC 1 




030 


070 


76 


1 78 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


6 10 


L 


300 BASIC 


7 62 BASIC 1 


M 


„ 


10° 




10° 


N 


025 


060 


64 


1 52 



I 



,rtnr\r\nr\rtrt. 



EPOXY DUAL-IN-LINE 

] 



V KJW KJ yj V ij 



NOTE 

Leads in true position within 
10" (0 25mm) R at MMC at 
seating plane 



A UW— G Seatina Plane ~*< 



DIM 


INCHES 


MILLIMETERS j 


MIN 


MAX 


MIN 


MAX 


A 


760 


886 


19 30 


22 48 


B 


220 


280 


5 59 


7 11 


C 




200 




5 08 


D 


015 


023 


38 


58 


F 


030 


070 


76 


1 78 


G 


100 BASIC 


2 54 BASIC 1 


H 


030 


095 


76 


2 41 


J 


008 


015 


20 


38 


< 


100 




2 54 


_ 


L 


300 BASIC 


7 62 BASIC ] 


M 


__ 


15° 


__ 


15° 


N 


020 


060 


051 


1 27 



TYPICAL PERFORMANCE CURVES 



Ta = 25° 0, ±Vcc = 15VDC unless otherwise noted 



GAIN ERROR 
VS TEMPERATURE 
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NONLINEARITY 
VS TEMPERATURE 
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40 80 

Temperature (°C) 



SMALL SIGNAL 
FREQUENCY RESPONSE 



40 80 

Temperature (°C) 



LARGE SIGNAL 
FREQUENCY RESPONSE 



SETTLING TIME 
VS TEMPERATURE 
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SLEW RATE 
VS TEMPERATURE 
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Frequency (Hz) 



Ik 10k 100k 1M 10M 
Frequency (Hz) 



40 80 

Temperature (°C) 
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TYPICAL PERFORMANCE CURVES (CONT) 



Ta = 25° C, ±Vcc = 15VDC unless otherwise noted. 

SMALL SIGNAL 
STEP RESPONSE 



LARGE SIGNAL 
STEP RESPONSE 
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INPUT VOLTAGE NOISE 
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10 100 Ik 10k 100k 
Frequency (Hz) 

POWER SUPPLY REJECTION 
VS FREQUENCY 
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OVERLOAD RECOVERY 
VS INPUT OVERLOAD 
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INPUT CROSSTALK 
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QUIESCENT CURRENT 
VS TEMPERATURE 
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THEORY OF OPERATION 

The PGA 102 is a self-contained programmable-gain 
amplifier with digitally selectable gains of 1, 10, and 100. 
A block diagram of the PGA102 is shown on the first 
page of this data sheet. The circuit contains three sec- 
tions: (1) 3-channel switchable-input operational ampli- 
fier, (2) precision thin-film resistor network (Ri-Rb), and 
(3) gain/ channel select digital circuit. 
Under control of the channel select circuitry, only one 
input stage (Ai, A2, or A3) is active at any time. The 
selected input stage steers input signals (Vmi, Vin2, or 



V1N3) to the output amplifier (A4). At this time the unse- 
lected input stages are turned off by deactivation of their 
internal bias circuitry. Three different precision gains are 
produced by closing the feedback loop through the 
selected input stage. This unique feature of having each 
channel set to a specific gain allows the user more flexi- 
bility in applications. Low gain drift is achieved by the 
excellent tracking of the thin-film gain set resistors. The 
"trip point" on select pins 1 and 2 for changing channels, 
and hence gain, is set by the logic threshold control volt- 
age on pin 3. 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

Figure 1 shows proper power supply and signal connec- 
tions. The supplies should be decoupled with 0.1/xF 
capacitors as close to the package as possible. To avoid 
gain errors, connect ground as indicated, being sure to 




*0.1a/F 



-Vcc COM +V, 



STAR CONNECTION. GAIN INACCURACY of < 0.1% 
(a) 




SEE APPLICATION FIGURE 14 
(b) 




< lOO/uA \ 



SENSE 



SEE APPLICATION FIGURES 9 AND 10 
|c) 

(b) AND (c) ELIMINATE GAIN ERRORS DUE TO RESISTANCE OF THE INTERNAL 
WIRE BOND (INACCURACY < 0.05%). 



minimize ground resistance. The PGA 102 has a separate 
ground force and ground sense which virtually eliminate 
gain errors due to resistance in the common line. The 
gain error results from any resistance added in series 
with the internal junction of Ri, R4, and R5. Internally, 
wire bond resistance of 0.211 can cause a 0.02% error for 
gain of 10 and 0.2% error for gain of 100. By minimizing 
the current in the sense line, specified performance is 
achievable. 

GAIN/CHANNEL SELECTION 

Gain is chosen by digitally manipulating the voltage level 
on the XIO and XlOO select pins as shown in Figure 2. 
The table in Figure 2 shows how to select a specific 
channel which has a gain of 1, 10, or 100. In this circuit, 
the logic threshold control has been grounded to give 
compatibility with TTL levels. However, this threshold 
can be set anywhere between [—Vcc + 4V] and [+Vcc — 
2.6V] for compatibility with other logic such as CMOS. 




v,Ni (XI) a 



V.N2(X10)O- 



V.N3 (X100) o- 



ON SELECT PIN 1 AND PIN 2 '^^l 

"1 ": +2V < V,H < -^Vcc LOGir^ ^ 

"0":0V<V,u<+0.8V 6 6 THIESHOLO^ 

XIO X100 CONTROL. 

SELECT SELECT 



'UNDETERMINED 
UNUSABLE 
OUTPUT 



XIO SELECT 


X100 SELECT 


CHANNEL 1 GAIN SELECT 





1 




1 


1 


V,N1 (XI) 
V.N2 (XIO) 
V,N3 (X100) 
ILLEGAL* 



FIGURE 1. Power Supply and Signal Connections. 



FIGURE 2. Channel Selection for Ground-Referenced 
Logic Threshold (TTL-compatible). 

In general, the logic state is determined by the voltage on 
pin 1 or pin 2 relative to the threshold control voltage on 
pin 3. The input high (Vm) and low (Vil) voltages to 
switch states are shown below: 

Logic one, "1": (Vltc + 2V) < V,h < +Vcc 

Logic zero, "0": (Vltc - 5.6) < V,l < (Vltc + 0.8V) 

An external decoder and latch on the select lines may be 
added for operation in computer-controlled analog 
input/ output systems. 

OPTIONAL OFFSET ADJUSTMENT 

The input offset voltage is laser trimmed and will not 
require user adjustment for most applications. However, 
pins 11 and 12 may be used to adjust the offset of the 
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active channel to zero as shown in Figure 3. This also 
affects the inactive channels (all offsets move as the 
potentiometer is adjusted). By compromising, the user 
can adjust for the average offset of all three channels 
using one potentiometer; or a compromise for just the 
XIO and XlOO channels can be made, considering the 
unity gain channel's offset is insignificant for high-level 
inputs. 

Figure 4 shows another approach to offset adjustment. 
An inexpensive CMOS switch (4016) may be used to 
independently connect the wipers of three potentiome- 
ters to — Vcc. Therefore, Ri, R2, and R^ adjust the offset 
of channels 1, 2, and 3 respectively. 
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^7,00.0 
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FIGURE 3. Offset Adjustment. 
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OPTIONAL GAIN ADJUSTMENT 

The initial gain accuracy has been internally laser 
trimmed to high precision, but can be adjusted. Figure 5 
shows independent fine-gain adjustment of channels 2 
and 3. This involves either paralleling the internal input 
resistors for gain up or the internal feedback resistors for 
gain down. External resistors R2, R3, Rs, and R6 are 
chosen to trade off range and resolution. Channel Ts 
gain cannot be adjusted due to the internal zero feedback 
resistance. 



.1X1) 

o- 



. (XIO) 



V,N3 (XlOO) 





-O Vol 



620kQ 



XIO FINE 
ADJUST 



FIGURE 4. Independent Offset Adjustment of 
Channels 1, 2, and 3. 



FIGURE 5. Independent Fine Gain Adjustment of 
Channels 2 and 3. 



For applications requiring gains other than 1, 10, or 100, 
the PGA102 can be gained up (Figure 6) or down (Figure 
7). It is important to realize that the temperature drift of 
the external gain adjustment resistors will affect the total 
gain drift. This becomes more predominant as the gain is 
changed further from the factory-set specification. For 
example, with small adjustments (20% or so), a 30ppm/°C 
external resistor will add 6ppm/°C to the 10ppm/°C 
internal resistor ratio tracking. For large adjustment 
(50% or so), the effect becomes larger. The best that can 
be achieved is 25ppm/°C (the TCR of one internal resis- 
tor) when the external resistor has0ppm/°C. Also when 
adjusting the XIO channel, keep the gain above 5 to 
assure frequency stability. 

LAYOUT CONSIDERATIONS 

Proper attention to layout is necessary to achieve the 
specified performance of the PG102. Major goals are to 
reduce crosstalk, noise pickup, noise coupled from the 
power supply, and gain errors. 

Be certain to separate the runs for analog and digital 
grounds to avoid coupling of digital transients. To 
reduce gain errors, connect analog grounds with a 
ground plane or a low resistance star configuration. 
Properly using the PGAI02 ground force and sense (see 
Figure I) assures the best performance, especially in high 
gains. 
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RxlO UP 



Rxio 



10.8kO 

Gxio UP ~ 10 
108kO 

Gxioo UP ~ 100 



Example: 

Rxio UP *^ 1.08kO and Rxioo up ^ I.OBkO 
Gives gains of 1, 20, 200 



FIGURE 6. Gain Up Control. 



V,N1 (XI) 

O— 



V,N2 (X10) 



V,N3 (X100) 



RxlO 




\ VaxlO DN ~ lU / 



Rx.ooo^-10o(^ 



108kQ 



1.09kO 



Example: 

Rxio DN «=* 8.64kO and Rxioo dn « 107kO 
Gives gains of 1, 5, 50 



CROSSTALK 

Crosstalk expresses the signal feedthrough from an OFF 
channel that appears at the active input. It is exptessed 
in dB, which translates to a percent of the input signal 
applied tb the OFF channel. Crosstalk increases with 
increasing frequency (see Typical Performance Curve). 
Best performance is achieved by keeping input lines 
short and band limiting if possible. 

SETTLING TIME 

The PGA102 is designed for applications requiring fast 
settling. Settling time is the time required, after the onset 
of a step input signal, for the output voltage to settle and 
remain within a specified error band around the final 
value. It is very important because it limits maximum 
channel scanning or throughput rate in multiplexed sys- 
tems. Since the error increases with source resistance, 
keep sources < lOkH for best results. 

INPUT OVERLOAD RECOVERY 

Another important parameter in data acquisition sys- 
tems is overload recovery, especially when high gain is 
selected. The PGA102's fast recovery limits delays in 
capturing input signals in the presence qf large tran- 
sients. Best results are obtained by clamping input over- 
voltages to less than 13V (see Typical Performance 
Curve). 



TYPICAL APPLICATIONS 

The PGA102 is ideal for auto-gain-ranging systems with 
many multiplexed input channels that must be scanned 
quickly. Its high gain accuracy and low temperature drift 
permit application where computer error correction is 
not available. In other cases, the PGA 102 provides an 
inexpensive precision fixed gain block requiring no pre- 
cision external components. An external decoder and 
latch allow the user flexibility to configure the system as 
desired. Figures 8 through 15 show application circuits. 
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FIGURE 7. Gain Down Control. 



FIGURE 8. Fast Settling Programmable-Gain 
Amplifier (Gain = 1, 10, 100). 



Burr-Brown IC Data Book 



3-100 



Vol. 33 




'CURRENT IN THE SENSE IS KEPT 
LOW BY RETURNING IT TO THE 
+ INPUT OF A1 WHERE ONLY BIAS 
CURRENT FLOWS. SEE FIGURE I. 



V,Ni = lOVpEAK O- 



VlN2 — IWpEAK 



V,N3 = 0.1VpEAKa 
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XIO X100 
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FIGURE 9. Fast-Settling Programmable-Gain 
Amplifier (Gain = 2, 20, 200). 



FIGURE 10. Three-Channel Separate Gain Amplifier. 
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*ONE TECHNIQUE TO ACHIEVE GREATEST ACCURACY IS TO SEPARATE 
FORCE AND SENSE. THIS MINIMIZES CURRENT IN THE SENSE LINE. 
(SEE FIGURE 1) 



FIGURE 11. Auto-Gain Ranging Instrumentation Amplifier for Data Acquisition. 
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INPUT CHANNELS 
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FIGURE 12. Manually Controlled Gain-Ranging Amplifier for Portable Test Equipment. 




1 6AIN = 
1 GAIN = 
VouT = OV 
(NOT USEFUL) 



FIGURE 13. Inverting Programmable Amplifier. 

Summing Junctions Can Be Used for 
Offsetting. 
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FIGURE 14. Precision Programmable Voltage 
Reference. 
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FIGURE 15. Fast Instrumentation Amplifier. 
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Digitally-Controlled Programmable-Gain 
INSTRUMENTATION AMPLIFIER 



FEATURES 

• DIGITALLY-PROGRAMIVIABLE GAIN 

— Decade Model - PGA200 
Gains of 1. 10. 100, 1000 

- Binary Model - PGA201 
Gains of 1. 8. 64. 512 

• EXCELLENT GAIN ACCURACY (0.02%. max) 

• LOW GAIN NONLINEARITY (0.012%. max; G = 1000) 

• LOW GAIN DRIFT (lOppm/^'C. max; G = 1000) 

• 2-BIT LATCHED TTL-COMPATIBLE GAIN CONTROL 

• LOW OFFSET VOLTAGE (25ArV RTI, max; G = 1000) 

• LOW OFFSET VOLTAGE DRIFT (0.30a/V/°C. max; 
G = 1000) 



APPLICATIONS 

• DATA ACQUISITION SYSTEM AMPLIFIER 

• DIGITALLY-CONTROLLED AUTORANGING SYSTEM 

• SYSTEM DYNAMIC RANGE EXPANSION 

• REMOTE INSTRUMENTATION SYSTEM 

• TEST EQUIPMENT 

DESCRIPTION 

The PGA200 is a hybrid IC instrumentation ampli- 
fier with digitally-controlled decade gain steps of 1, 
10, 100, and 1000. The PGA201 differs only by 
providing binary steps of 1, 8, 64, and 512. Both have 
TTL-compatible latched inputs for microprocessor 
interface. The logic section has high input imped- 
ance and functions without a separate logic power 
supply. Precision laser-trimmed offset and gain 
permits use without external adjustments. High 
performance thin-film resistors with excellent track- 
ing assure low gain drift and excellent stability. 
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SPECIFICATIONS 

ELECTRICAL 

At +25° C with ±15VDC power supply unless otherwise noted 



MODEL'^' 




PGA200/201AG | 


PGA200/201BG | 


UNITS 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


GArN 


















Inaccuracy*^' G = 1 






02 


05 




0.01 


02 


% 


G = 10 






02 


0.05 




01 


02 


% 


G = 100 






0.02 


05 




01 


02 


% 


G = 1000 






02 


05 




01 


02 


% 


Nonlineanty, G = 1 






002 


005 




001 


002 


% 


G = 10 






002 


005 




001 


0.002 


% 


G = 100 






003 


007 




002 


003 


% 


G = 1000 






012 


025 




011 


012 


% 


Drift vs Temperature, G = 1 






10 


20 




5 


10 


ppm/°C 


G=10 






10 


20 




5 


10 


ppm/°C 


G=100 






10 


20 




5 


10 


ppm/°C 


G = 1000 






10 


20 




5 


10 


ppm/°C 


Stability vs Time 






0,01 










%/1khr 


RATED OUTPUT 


















Voltage 


lo = 5mA 


10 


12.5 




* 






V 


Current 


Vo = 10V 


5 


100 




* 






mA 


Impedance 






03 










a 


Capacitive Load 






1000 










pF 


ANALOG INPUT CHARACTERISTICS 


















Common-Mode Range 




10 












V 


Absolute Maximum Voltage 


No Damage 






Vcc 






* 


V 


Impedance, Differential 






10'° II 3 






* 




OJlpF 


Common-Mode 






10'° II 3 










fillpF 


OFFSET VOLTAGE (RTI) 


















Initial Offset, max'^', G = 1 






225 


450 




110 


225 


/iV 


G = 10 






45 


90 




20 


45 


A/V 


G = 100 






27 


54 




11 


27 


A/V 


G = 1000 






25 


50 




10 


25 


^\l 


vs Temperature, G = 1 






10 


22 




5 


10 


//V/°C 


G = 10 






2 


4 




0.75 


15 


//V/°C 


G = 100 






1 


2 




20 


40 


//V/°C 


G = 1000 






1 


2 




0.15 


30 


A/V/°C 


vs Time 






1 + (20/G) 










/uV/mo 


vs Supply 


10 < Vcc < 18V 




1 + (20/G) 






* 




fjy/\/ 


INPUT BIAS CURRENT 


















Initial at 25° C 


Each input 




10 


30 




5 


20 


nA 


vs Temperature 






02 






* 




nA/°C 


vs Supply 






01 










nA/V 


Offset Current 






10 


30 




5 


20 


nA 


vs Temperature 






05 










nA/°C 


COMMON-MODE REJECTION 


















G = 1 


DC to 60Hz, 


80 


95 










dB 


G = 10 


Ikfi Source 


96 


110 










dB 


G = 100 


Imbalance 


106 


120 




* 






dB 


G = 1000 




106 


120 










dB 


INPUT NOISE"" 


















Input Voltage Noise, fe = 1Hz to 10Hz 






08 






* 




/iV, p - p 


Density, fo = 10Hz 






18 










nV/\/iHz 


fo = 100Hz 






15 






* 




nV/x/Hz 


fo = 1kHz 






13 










nV/\/Hz 


Input Current Noise, fe = 1Hz to 10Hz 






50 






* 




pA, p - p 


Density, fo = 10Hz 






0.8 










PA/n/Hz 


fo = 100Hz 






46 










pA/^fHi 


fo = 1kHz 






0.35 






* 




PA/n/h^ 


DYNAMIC RESPONSE 


















±3dB Flatness 


Small signal 
















G = 1 






500 










kHz 


G = 10 






150 










kHz 


G = 100 






30 










kHz 


G = 1000 






2.4 










kHz 


±1% Flatness 


Small signal 
















G = 1 






50 










kHz 


G = 10 






25 










kHz 


G = 100 






3 










kHz 


G = 1000 






300 










Hz 
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ELECTRICAL (CONT) 



MODEL"' 


PQA200/201AQ 


PQA200/201BQ 


UNITS 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


DYNAMIC RESPONSE 

±1% Flatness 
G = 1 
G = 10 
G = 100 
G = 1000 
Full Power 
Slew Rate 

Settling Time (0.1%), G = 1 
G = 10 
G = 100 
G = 1000 
Settling Time (0.01%), G = 1 
G = 10 
G = 100 
G = 1000'" 
Overload Recovery Time 
G = 1 to 100 
G = 1000 


Small signal 

G = 1 to 100 
G = 1 to 100 

50% overdrive 


0.2 


50 

25 

53 

300 

6.4 

0.4 

35 

35 

50 

4d0 

40 

40 

80 

670 

12 
22 












kHz 
kHz 
kHz 
Hz 
kHz 
V/A»8ec 
fjsec 
fjsec 
/jsec 
/isec 
/usee 
Aisec 
A/sec 
/tisec 

//sec 
Aisec 


DIGITAL INPUT CHARACTERISTICS 

Input Low Threshold 
Input Low Current 
Input High Threshold 
Input High Current 
Tww, Write Pulse Width 
Ts. Data Setup Time 
Th, Data Hold Time 




2.4 

300 
180 . 
30 




0.8 
30 

30 


* 




• 


V 

/iA 
V 

/iA 
nsec 
nsec 
nsec 


POWER SUPPLY 

Rated Voltage 
Voltage Range 
Quiescent Current 




10 


±15 
±10 


18 

±12 




• 


• 


V 
V 
mA 


TEMPERATURE RANGE 

Specification 

Operating 

Storage 




-40 
-55 
-55 




+85 

+125 
+150 






* 


°C 
"C 

•c 



8 
o 

a. 



'Specifications same as for PGA200/201AG. 

NOTES (1) All specifications pertain to both PGA200 and P«jim201. Values for gains of 10, 100, and 1000 for the PGA200 are the same for gams of 8, 64 and 
512 (2) Measured with a lOkQ load (3) Adjustable to zero This offset is the total offset including both input and output components referred to the 
input (4) Noise due to the input stage There is also an output component which becomes significant in low gain (see Typical Performance Curves). (5) Settling 
time of the average value of the output waveform since the noise floor in a gain of 1000 is on the order of 0.01% of full scale. 



ABSOLUTE MAXIMUM RATINGS 



MECHANICAL 



Supply ±18VDC 

Internal Power Dissipation 600mW 

Analog And Digital Inputs ±Vcc 

Operating Temperature Range -55° C to +125° C 

Storage Temperature Range -55" C to +150° C 

Lead Temperature (Soldering 10 Seconds) +300° C 

Output Short-Circuit Duration Continuous To Ground 

Junction Temperature 175°C 



PIN DESIGNATIONS 



1 


AO 8 


Analog Common 


± 


WR 9 


Output 


3 


-Vcc 10 


Offset Trim 


4. 


Common-Mode Voltage 11. 


Offset Trim 


5. 


NC 12. 


+Vcc 


6. 


+IN 13. 


Digital Common 


7 


-IN 14. 


A1 



NOTE: Leads in true position within .010" 
(.25mm) R at MMC at seating plane. 



^Jl^-j 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


770 


810 


19 56 


20 57 


B 


480 


500 


12 19 


12 70 


C 


155 


215 


3 94 


5 46 


D 


016 


020 


41 


51 


G 


100 BASIC 


2 54 BASIC 1 


H 


080 


110 


2 03 


2 79 


J 


009 


012 


23 


30 


K 


150 


210 


381 


5 33 


L 


300 BASIC 


7 62 BASIC 


N 


015 1 035 


38 1 89 



(0 
lU 



< 
z 
o 

F 

? 

z 
111 

s 

t- 

(0 
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BURN-IN SCREENING 

Burn-in screening is an option available for the PGA200 
and PGA201. Burn-in duration is 160 hours at +125°C 
(or equivalent combination of time and temperature). 

All units ape tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BF'to the 
base model number. 



ORDERING INFORMATION 



TYPICAL PERFORMANCE 
CURVES 

Ta = +25° C, ±Vcc = 15VDC. unless otherwise noted 



Model 


Package 


Range 


oooo 


Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Ceramic DIP 


-55°Cto+125»C 
-55°Cto+125°C 
-55°Cto+125°C 
-55°Cto+125°C 


BURN-IN SCREENING OPTION 

See text for details. 


Model 


Package 


Burn-In Temp. 
(160h)'^' 


PGA200AG-BI 
PGA200BG-BI 
PGA201AG-BI 
PGA201BG-BI 


Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Ceramic DIP 


+125°C 
+I250C 
+ 125°C 
+125°C 



NOTE Or equivalent combination See text 



WARM-UP DRIFT VS TIME 



40 

> 30 

o 
o 

> 20 
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Voso^ 


V \^ 
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Va 


t^ 



GMR VS SOURCE IMBALANCE 



123456789 10 
Time (minutes) 




CMR VS FREQUENCY 



3 2 10 32 100 

Source Resistance Imbalance (KO) 



G 100 1000 
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G= 10 
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G 1 
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Balanced 
Source 
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10 100 1 

Frequency (Hz) 



GAIN VS FREQUENCY 



G = 1000 








1 ~ 

G = 100 




\ 




1 

G = 10 


\ 


r\ 


V 


1 

G = 1 


1%Errc 




X 








\ 





GAIN ERROR VS FREQUENCY 



10 100 Ik 10k 100k 1M 

Frequency (Hz) 




100 Ik 10k 

Frequency (Hz) 



GAIN ERROR VS OUTPUT CURRENT 


k 














\ 
















\ 
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\ 
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\ 


k. 





1 2 3 4 5 6 7 

Maximum Output Current (mA) 



GAIN NONLINEARITY VS GAIN 



SETTLING TIME VS GAIN 




10 100 

Gam (V/V) 



3 320 

E 



Rl =2kn 
Cl = 1000pF 










oo^%JM 




^ 


i%^r 



10 100 

Gam (V/V) 



+20 

MO 

+5 
> 

3 

Q. 

"3 

° -5 

-10 



STEP RESPONSE 
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/g 100 
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30 

I 

> 

£ 20 



OUTPUT NOISE VS GAIN 
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Rs 


- IMll / 




^^^.X^Ri 


As 

/^ lOOkQ 

Rs lOkn ^ 



10 100 

Gam (V/V) 



I 





INPUT NOISE VOLTAGE 
VS FREQUENCY (100 < GAIN < 1000) 
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10 


-■^>. 











































IQ VS SUPPLY 
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Frequency (Hz) 



6 9 
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-lo 
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THEORY OF OPERATION 

A simplified block diagram of the PGA200/201 appears 
on the first page. The diagram consists of three distinct 
parts. Together these parts form a high-perfomance, 
differential-input, digitally-programmable dedicated gain 
block. Each of the parts is optimized for a specific 
function. 

The operational amplifiers are arranged on a monolithic 
substrate in the classical three-op-amp lA configuration. 
A nitride-passivated compatible thin-film bipolar process 
is used to achieve excellent offset and common-mode 
rejection stability over time and temperature. Advanced 
laser trimming techniques are used to minimize both the 
initial input offset and the input offset drift which are 
typically below lO/xV and 0.15/i/ V°C respectively. Addi- 
tionally, careful layout techniques assure input stage 
thermal tracking with varying load conditions. 

The gain-setting resistors are arranged on a separate 
substrate which is thermally isolated from the output 
stage. This results in minimum thermal interaction and a 
layout optimized for resistor tracking. All gains are 
dependent on the ratio of resistors which are composed 
of combinations of equal valued segments. The seg- 
mented approach provides the ultimate in accuracy and 
stability. 

The latch and multiplexer, which set the gain, are 
implemented in CMOS. This provides high impedance 
logic inputs, low quiescent current and TTL compati- 
bility without the need for a separate logic power supply. 
The logic threshold is internally derived from the +Vcc 
power supply and is referenced to digital common. The 
circuit is arranged so that multiplexer ON resistance is in 
series with the high input impedance of the input ampli- 
fiers and hence contributes negligible gain error. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY AND SIGNAL CONNECTIONS 

Figure 1 shows the proper analog and digital power 
supply connections. The analog supplies should be 



decoupled with 1/uF tantalum and lOOOpF ceramic 
capacitors with connections made as close as possible to 
the amplifier supply terminals and load common con- 
nection. 

Because the amplifier is direct-coupled, it must have a 
ground return path for the bias currents associated with 
the amplifier inputs at pins 6 and 7. If the ground return 
path is not inherent in the signal source (floating source), 
it must be provided externally. The ground return 
resistance (Rgr) should be kept as low as practical. The 
upper limit is approximately SOMD because of the input 
bias current of the amplifier and its common-mode 
voltage range. 

In order to maintain linear operation of the input 
amplifiers the common-mode input voltage must be kept 
within the following limits: 

-lOV + (E,„ X G)/2 < Ecm < H-IOV - (£,„ X G)/2. 
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Figure I. Power Supply and Signal Connections. 
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GAIN SETTING 

Gain is determined by a 2-bit digital word applied to the 
AO and Al inputs (see Table I). The WR (pin 2) provides 
a latch function. When WR is a logic low, the latch is 
transparent and the gain directly follows the code on AO 
and Al. When WR goes to a logic high, the gain is 
latched according to the previous state of AO and Al. 
The timing requirements illustrated in Figure 2 must be 
observed. The minimum write pulse width is 300nsec 
while the data setup arid hold times are ISOnsec and 
30nsec respectively. Although the logic inputs are TTL 
compatible, they are high impedance and the allowable 
logic high voltage extends to + Vcc . 
Table I shows the gain select truth table. The gains for 
the PGA201 are shown in parenthesis. 



order to keep the impedance at pin 8 low so that the gain 
and common-mode rejection will not be disturbed. 



TABLE I. 


Gain 


Select Truth Table. 


Al 


AO 


WR 


GAIN 
PGA200 [PGA201] 


X 


X 


__f" 


Maintains previous gam 











1(1) 





1 





10(8) 


1 








100 (64) 


1 


1 





1000 (512) 



Logic "1".Vah> 2 4V 
Logic "0" Val<0.8V 



INPUT AND OUTPUT OFFSETTING 

Figure 3 illustrates the appropriate connections for 
offset adjustment. Since the instrumentation amplifier is 
a two-stage device, the total offset is composed of two 
parts, an input and an output component Because both 
are actively laser trimmed, adjustment is not required in 
most applications. The input component is due to the 
mismatch in the offset voltage of the two input amplifiers 
and changes with gain. The output component is due to 
the offset of the second stage amplifier and is constant. 
Ri may be used to null the input offset. Its quality will 
affect the results; therefore, choose a potentiometer with 
good temperature and mechanical resistance stability. 
The wiper should be connected to +Vcc at a point as 
close as possible to the -I- Vcc terminal of the instru- 
mentation amplifier. Null the offset as follows: 

1 . Set El = E2 = (be sure a good ground return path 
exists to the inputs). 

2. Set the gain to 1000 (or 512 for PGA201). 

3. Adjust Ri until the output reaches OV ±lmV or 
desired value. 

Input offset adjustment will affect the offset drift by 
approximately 3.1/*V/°C/mV of offset that is trimmed. 
This effect can be greatly reduced by using the alternate 
offset adjust circuit shown inside the dashed line. 

The output offset may be nulled or, alternately, the 
output can be level shifted with R4. R2 and R3 divide the 
wiper voltage of R4 down for increased sensitivity. Their 
ratio may be changed in order to increase the range of 
adjustment if desired. The buffer amplifier is required in 




FIGURE 2. Timing Diagrams. 
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INPUT 
+Vcc OFFSET 
ADJUST 



THIS CIRCUIT MAY BE USED AS A 

REPLACEMENT FOR THE SINGLE 

POTENTIOMETER. 
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DRIFT UNCHANGED. 4+V( 



2MQ^ 
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lOOkfiliOMO 
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A lOOkO OPTIONAL 
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FIGURE 3. Optional Input/ Output Offset Adjust. 

GUARD DRIVE 

Use of the guard drive connection in Figure 4 can 
improve system common-mode rejection when the 




FIGURE 4. Guard Drive. 
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distributed capacitance of the input lines is significant. 
The common-mode voltage which appears on pin 4 is 
resistively derived from the output of the first stage 
amplifiers and has the value (Ei - E2)/2. This voltage is 
used to drive the shield which preferably should extend 
up to and around the input pins 6 and 7. This 
configuration improves common-mode rejection by 
reducing the common-mode current flow. The buffer 
amplifier is used in order to supply more current than 
the internal 20kn resistors can provide so that the guard 
can accurately track the actual common-mode voltage. 

TYPICAL APPLICATIONS 

The PGA200 and PGA201 are ideal for computer- 
controlled data acquisition systems as shown in Figure 5. 
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FIGURE 5. Multiple Input Data Acquisition System 
With Various Input Ranges. 
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ABVAMCE iMFOBimrnQM BmMCT 7© cmm 



BURR-BRO>VN» 




RCV420 



ADVANCE INFORMATION 
SUBJECT TO CHANGE 



Precision 4mA to 20mA 
CURRENT LOOP RECEIVER 



FEATURES 



• COMPLETE 4-20mA to 0-5V CONVERSION 

• INTEGRAL SENSE RESISTORS 

• PRECISION 10V REFERENCE 

• BUILT-IN LEVEL-SHIFTING 

• ±40V COMMON-MODE INPUT RANGE 

m 0.1% OVERALL CONVERSION ACCURACY 

• HIGH NOISE IMMUNITY: 86dB CMR 



DESCRIPTION 

The RCV420 is a precision current-loop receiver de- 
signed to convert a 4-20mA input signal into a 0-5V 
output signal. As a monolithic circuit, it offers high 
reliability at low cost. The circuit consists of a premium 
grade operational amplifier, an on-chip precision resistor 
network, and a precision lOV reference. The RCV420 
features 0. 1 % overall conversion accuracy, 86dB CMR, 
and ±40V common-mode input range. 

The circuit introduces only a 1.5V drop at full scale, 
which is useful in loops containing extra instrument 
burdens or in intrinsically safe applications where trans- 



APPLICATIONS 

• PROCESS CONTROL 

• INDUSTRIAL CONTROL 

• FACTORY AUTOMATION 

• DATA ACQUISITION 

• SCADA 

• RTUs 

• ESD 

• MACHINE MONITORING 



mitter compliance voltage is at a premium. The lOV 
reference provides a precise lO.OOV output with a 
typical drift of 10ppm/°C. 

The RCV420 is completely self-contamed and offers 
a highly versatile function. No adjustments to gain, 
offset, and CMR are needed. This provides three 
important advantages over discrete, board-level de- 
signs: 1) lower initial design cost, 2) lower manufac- 
turing cost, and 3) easy, cost-effective field repair of 
a precision circuit. 




Zero Adj 



''Com 



International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 66-6491 • FAX: (602) 889-1510 



Burr-Brown IC Data Book 



PDS-837 

3-110 



Vol 33 



SPECIFICATIONS 

ELECTRICAL 

T = 25°C and ±V-- = ±1 5V unless othenwise noted. 





AG 


BG 


KP 




CHARACTERISTICS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


UNITS 


GAIN 






















Initial 




0.3125 






* 






• 




V/mA 


En-or 




.015 


0.05 




* 


0.025 




* 


* 


% 


vs Temp 




15 


50.0 




* 


25.0 




• 




ppm/°C 


Nonllnearityf'' 




0.0002 


0.001 




* 


• 




* 


* 


% 


OUTPUT 






















Rated Voltage (Iq = +10, -5mA) 


10 


12 




• 


* 




* 


* 




V 


Rated Current (Eo = 10V) 


+10.-5 






* 






* 






mA 


Impedance (Differential) 




0.01 






• 






* 




a 


Cun-ent Limit (To Common) 




+49,-13 






• 






* 




mA 


Capadtivelnad 




1000 






* 






* 




PF 


(Stable Operation) 






















INPUT 
























74.25 


75 


75.75 


* 


* 


* 


* 


* 


* 


a 


Input Impedance (Common Mode) 




200 






• 






• 




kfi 


Common Mode Voltage 






±40 






* 






• 


V 


CMR»» 


74 


80 




86 


94 




* 


* 




dB 


vsTemp(DC)(T, = T„,^toT^) 


66 


75 




80 


90 






• 




dB 


AC 60H2 




80 






94 
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dB 


OFFSET VOLTAGE (RTO) « 






















Initial 






1 
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* 


mV 


vs Temp 




15 


50 




* 


25 




* 




jivrc 


vs Supply (±1 1.4V to ±18V) 
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dB 


vs Time 
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nV/mo 


ZERO ERROR«> 






















Initial 




0.02 


0.05 




* 


0.025 




• 


* 


% 


vs Temp 




20 


60 




* 


30 
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ppnV'C 


OUTPUT NOISE VOLTAGE 






















fB = 0.1H2to10Hz 




50 






• 






* 




nVp-p 
nV/VRz 


f^^mHz 




800 






* 






* 




DYNAMIC RESPONSE 






















Gain Bandwidth 




150 






• 






* 




kHz 


Full Power Bandwidth 




30 






* 






* 




kHz 


Slew Rate 




1.5 






* 






• 




V/MS 


Settling Time (.01%) 




10 






* 






* 




MS 


VOLTAGE REFERENCE 






















Output Voltage 






















Initial 


9.995 




10.005 


* 




* 


* 




* 


V 


Trim Range<'> 




±5 
















% 


vsTempw 




10 


20 






• 








ppm/°C 


vs Supply (±1 1.4V to ±18V) 




.0005 
















%/V 


vs Output Current (Iq = to +10mA) 




.0005 
















%/mA 


vs Time 




25 
















ppm/ikh 


Noise (0.1 OHz to lOHz) 




10 
















nVp-p 


Output Current 


+10,-2 






* 






* 






mA 


POWER SUPPLY 






















Rated 




±16 






* 






* 




V 


Voltage Range<^ 


±11.4 




±18 


* 




* 


* 




♦ 


V 


Quiescent Current (Vo = 0V) 




3 


4 




* 


* 




* 


* 


mA 


TEMPERATURE RANGE 






















Specification 


-25 




+85 


* 




* 







+70 


*>C 


Operation 


^5 




+125 


* 




• 


-25 




+85 


oc 




-65 




+150 


* 




* 


-40 




+85 


°c 



'Specification same as RCV420AG. 

NOTES: (1 ) Nonlinearity is the max peak deviation from best fit straight line. (2) With source Impedance on Zero Adj pin. (3) With all inputs grounded including 
Ref In. (4) With 4mA input signal and Voltage Reference connected (includes V^g, Gain Error, and Voltage Reference Enrors). (5) External trim slightly affects drift. 
(6) The "box method" is used to specify output voltage drift vs temperature. (7) Ij, Ref = 5mA, 1^, Rev = 2mA. 
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mMm 



MECHANICAL 

G Package —1 6-Pin Hermetic DIP 




Seating Plane 






INCHES 


MILUMETERS 1 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


.790 


.810 


20.07 


20.57 


C 


.105 


.170 


2.67 


4.32 


D 


.015 


.021 


0.38 


0.53 


F 


.048 


.060 


1.22 


1.52 


G 


.100 BASIC 


^54 BASIC 1 


H 


.030 


.070 


0.76 


1.78 


J 


.008 


.012 


0.20 


0.30 


K 


.120 


.240 


3.05 


6.10 


L 


.300 BASIC 


7.62 BASIC 1 


M 


— 


10- 


~- 


10° 


N 


.025 


.060 


0.64 


1.52 



NOTE: Leads in true 
position within O.or 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numtjers may not be 
marked on package. 



P Package— 1 6 Pin Plastic DIP 



A 



BAi ^ 
.- ■■ rn. ^ ,». ,n, ^ 



tj u ij ij ij ij ij g' 

\__Pln1 



Bi B 



F^ 




jj^ 





INC 


HES 


MILUMETERS 1 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


.740 


.800 


18.80 


2a32 


At 


.725 


.785 


18.42 


19.94 


B 


.230 


.290 


5.85 


7.38 


Bi 


.200 


.250 


5.09 


6.36 


C 


.120 


.200 


3.05 


5.09 


D 


.015 


.023 


0.38 


0.59 


F 


.030 


.070 


0.76 


1.78 


G 


.100 BASIC 


2.54 BASIC 1 


H 


0.20 


0.50 


0.51 


1.27 


J 


.008 


.015 


0.20 


0.38 


K 


.070 


.150 


1.78 


3.82 


L 


.300 BASIC 


7.63 BASIC 1 


M 


0° 


15° 


0» 


15° 


N 


.010 


.030 


0.25 


0.76 


P 


.025 


.050 


0.64 


1.27 



NOTE: Leads in 
true position within 
0.01" {0.25mm) R at 
MMC at seating 
plane. Pin numbers 
shown for reference 
only. Numbers may 
not be marked on 
package. 
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ORDERING INFORMATION 



PIN CONFIGURATION 



Basic Model Number - 
Performance Grade - 



RCy420 



X X 

J" 



A,B:-25»Cto+85«C 
KrO'Cto+yO'C 
Package Code - 



G: 16-pin Hemietic DIP 
P: 16-pin Plastic DiP 



ABSOLUTE MAXIMUM RATINGS 



Supply ±22V 

Input Current, Continuous 40mA 

Input Cun'ent Momentary. 0.1s ...250mA. 1% Duty Cycle 

Common Mode Input Voltage. Continuous ±40V 

Common Mode Input Voltage. Momentary. 10s ±100V 

Operating Temperature Range: 

G Package: -55*C to +125«>C 

P Package: -25*C to +85"C 

Storage Temperature Range: 

G Package: -es^C to +150''C 

P Package: -40*Cto +85°C 

Lead Temperature (soldering, 10s) l.+SOO^C 

Output Short Circuit to Common (Rev & Ret) Continuous 




o 

I 

o 

QC 



(0 
DC 
UJ 



CL 

s 
< 



z 

Ul 

S 

3 
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BURR-BROAVN® 



XTR100 




Precision, Low Drift 

4mA to 20mA 

TWO-WIRE TRANSiVIITTER 



FEATURES 

• INSTRUMENTATION AMPLIFIER INPUT 

Low Offset Voltage, 25mV max 
Low Voltage Drift. 0.5)uV/<>C max 
Low Nonilnearlty, 0.01% max 

• TRUE TWO-WIRE OPERATION 

Power and Signal on One Wire Pair 
Current Mode Signal Transmission 
Higli Noise Immunity 

• DUAL MATCHED CURRENT SOURCES 

• WIDE SUPPLY RANGE. 11. 6V to 40V 

• -40OC TO -hSSoC SPECIFICATION RANGE 

• SMALL 14-PIN DIP PACKAGE 



DESCRIPTION 

The XTRIOO is a microcircuit, 4mA to 20mA, two- 
wire transmitter containing a high accuracy instru- 
mentation amplifier (I A), a voltage controlled output 
current source, and dual-matched precision current 
references. This combination is ideally suited for 
remote signal conditioning of a wide variety of 
transducers such as thermocouples, RTD's, ther- 
mistors, and strain gauge bridges. State-of-the art 
design and laser-trimming, wide temperature range 
operation and small size make it very suitable for 
industrial process control applications. 

The two-wire transmitter allows signal and power to 
be supplied on a single wire-pair by modulating the 
power supply current with the input signal source. 
The transmitter is immune to voltage drops from 
long runs and noise from motors, relays, actuators, 
switches, transformers, and industrial equipment. It 
can be used by OEMs producing transmitter modules 



APPLICATIONS 

• INOUSTBIAL PROCESS CONTROL 

Pressure Transmitters 
Temperature Transmitters 
Millivolt Transmitters 

• RESISTANCE BRIDGE INPUTS 

• THERMOCOUPLE INPUTS 

• RTD INPUTS 

• CURRENT SHUNT |mV) INPUTS 

• AUTOMATED MANUFACTURING 

• POWER PLANT/ENERGY SYSTEM MONITORING 



or by data acquisition system manufacturers. Also, 
the XTRIOO is generally very useful for low noise, 
current-mode signal transmission. 



'REF|0 0- 

»REF2© O- 



«!©- 



SPAN{g: 
«2©- 




-<5)*Vcc 



0«o 



OPTIONAL BANDWIDTH ^T^ ^"^T!^ 
CONTROL ' 



OPTIONAL OFFSET NULL 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25<'C, +Vcc = 24VDC, Rl = 1000 unless otherwise noted. 



PARAMETER 


CONDITIONS/DESIGNATION 


XTR100AM/AP 


XTR100BM/BP 


UNITS 


MIN 


TYP 1 MAX 


MIN 1 TYP 1 MAX 


OUTPUT AND LOAD CHARACTERISTICS | 


Current 


Linear Operating Region 


4 




20 


. 






mA 


Current 


Derated Performance 


3.8 




22 


* 






mA 


Current Limit 


lo min 




28 


38 








mA 


Offset Current Error 


los. lo = 4mA 




±1.5 


±4 




* 




/lA 


Offset Current Error vs Temp 


Alos/AT 




±5 


±10 








ppm, FS/^C 


Full Scale Output Current Error 


Full Scale = 20mA 






±20 








mA 


Power Supply Rejection 




110 


135 




* 






dS 


Power Supply Voltage 


Vcc, pins 7 & 8, compliance(i) 


+11.6 




+40 








VDC 


Load Resistance 


At Vcc = +24V, lo = 20mA 
At Vcc = +40V, lo = 20mA 






600 
1400 








ft 
ft 


SPAN 1 


Equation 


Rs in n, ei and e2 in V 




lo = 4mA + [0 016U + (40/Rs)] (ea - ei) 




Untrimmed Error(2) 


eSPAN 


-5 


-2 5 





* 


* 




% 


Nonlinearity 


CNONLINEARITY 






01 






* 


% 


Hysteresis 













* 




% 


Dead Band 













* 




% 


Temperature Effects 






30 


±100 




• 


* 


ppm %/«C 


INPUT CHARACTERISTICS | 


Impedance 


















Differential 






0.4 II 0.047 






* 




Gft II fiF 


Common-Mode 






1011 180 






* 




Gft II pF 


Voltage Range. Full Scale 


Ae=(e2-ei)(3) 







1 








V 


Offset Voltage 


Vos 






±50 






±25 


mV 


vs Temperature 


AVos/AT 




±0.7 


±1 




±0.25 


±0 5 


/uV/oC 


Bias Current 


IB 




60 


150 






* 


nA 


vs Temperature 


AIb/AT 




30 


1 






* 


nA/oC 


Offset Current 


losi 




10 


±30 






±20 


nA 


vs Temperature 


Alosi/AT 




01 


0.3 






• 


nA/°C 


Common-Mode Rejection^ 


DC 


90 


100 










dB 


Common-Mode Range 


ei and e2 with respect to pin 7 


4 




6 


* 




* 


V 


CURRENT SOURCES | 


Magnitude 






1 






* 




mA 


Accuracy 


Vcc = 24V, VPIN 8 - VPIN 10, 11 = 


















19V, R2 = 5kO, Fig 3 




±0.03 


±0.1 




±0.015 


±0.05 


% 


vs Temperature 








±30 






* 


ppm/°C 


vs Time 






±8 






* 




ppm/mo. 


Ratio Match 


Tracking 
















Accuracy 


1 - Irefi/Iref2 




±0 006 


±0 02 






* 


% 


vs Temperature 








±15 






10 


ppm/°C 


vs Time 






±1 






* 




ppm/mo 


Output Impedance 




10 


20 










Mft 


TEMPERATURE RANGE | 


Specification 




-40 




+85 








°C 


Operating (AM, BM) 




-55 




+125 








^C 


(AP, BP) 




-40 




+85 








"C 


Storage (AM, BM) 




-55 




+165 








°C 


(AP, BP) 




-40 




+85 








OC 



*Same as XTR100AM/AP 

NOTES 

1 See Typical Performance Curves 

2. Span error shown is untrimmed and may be adjusted to zero 

3. ei and eg are signals on the -IN and +IN terminals with respect to the output, pin 7. While the maximum permissible Ae is IV, it is primarily intended 
for much lower input signal levels, e.g., 1 0mV or 50mV full scale for the XTR1 OOA and XTR1 OOB grades respectively. 2mV FS is also possible with 
the B grade; but accuracy will degrade due to possible errors m the low value span resistance and very high amplification of offset, drift, and noise. 

4. Offset voltage is trimmed with the application of a 5V common-mode voltage. Thus the associated common-mode error is removed See 
Application Information section. 
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ABSOLUTE MAXIMUM RATINGS 



PIN DESIGNATIONS 



Power Supply. Vcc 


40V 


Input Voltage, ei, orea 


>V0UT,<+VCC 


Storage Temperature Range, metal 


-55«>Cto+165oC 


Storage Temperature Range, plastic 


-40OC to +850C 


Lead Temperature (soldering 10 seconds) 


+300«»C 


Output Short-circuit Duration 


Continuous to ground 


Junction Temperature 


+1650C 





- " - 1 


ZERO ADJUST^ 




h^ ZERO ADJUST 


ZERO ADJUStQ 




ra BANDWIDTH 


-IN^ 




^ CONTROL 


+inQ 


(TOP VIEW) 


m IREF2 


SPAN^ 




10) IREFI 


SPAN^ 




^ MAKE NO 
^ CONNECTION 


OUT^ 




® +Vcc 


1 



MECHANICAL 




XTR100AM/BM 
(Metal) 

NOTE Leads in true position within 
10"(0 25mmi RatMMC 
at seating plane. 



Denotes Pin 1 








INCHES 


MILLIMETERS | 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


860 


880 


21 84 


22 35 


B 


490 


510 


12 45 


12 95 


C 


170 


250 


4 32 


6 35 


D 


016 


021 


41 


53 


G 


100 BASIC 


2 54 BASIC 1 


H 


115 


155 


2 92 


3 94 


K 


150 


300 


381 


7 62 


L 


300 BASIC 


7 62 BASIC 


R 


080 1 120 


2 03 1 3 05 



t 



Denotes 
Pin1 



XTR100AP/BP 
(Plastic) 

NOTE Leads in true position within 
10" (0 25mm) RatMMC 
at seating plane 



tl 



riiiiiir 

JLX 



o e o o o o o 



OOP OOP 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


790 


810 


20 07 


20 57 


B 


490 


510 


12 45 


12 95 


C 


190 


210 


4 83 


5 33 


D 


018 


021 


46 


53 


G 


100 BASIC 


2 54 BASIC 1 


H 


080 


115 


2 03 


2 92 


K 


130 


300 


3 30 


7 62 


L 


300 BASIC 


7 62 BASIC 1 


R 


080 1 115 


2 03 1 2 92 1 



Pin numbers shown for 

reference only. 

Numbers are not marked MATING CONNECTOR- 

on package. 0145MC 



Pin numbers shown for 
reference only 
Numbers are not marked 
on package 



TYPICAL PERFORMANCE CURVES 

(Ta = +250C, +Vcc = 24VDC unless otherwise noted) 



E 

§•60 

-J 

0) 

^40 



8 20 



SPAN VS FREQUENCY 



Rs = 25n 

h^^ 


Cc=0 




Rs = iobn ^ 


^ 




Rs = 40on 


Rs = 2kn 


^*^ 


^ 


Rs = - 




^^ 






~ 








s 



Ik 10k 100k 

Frequency (Hz) 



STEP RESPONSE 



FULL SCALE INPUT VOLTAGE VS Rs 

Rs(n) 

100 200 300 400 




^0.6 





/ 




^ 


/ 


r 


''^Oto 

andO 

sc 


JOOmV 
to8kn 
ale 


/ 








r 


to 80mV 
andO 


(low level 
to 400n s 


signals) 
cale 



200 400 600 800 1000 
Time (MSec) 



4 

Rs(kn) 
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COMMON-MODE REJECTION 
VS FREQUENCY 



POWER SUPPLY 
REJECTION VS FREQUENCY 



BANDWIDTH VS 
PHASE COMPENSATION 



120 
100 

_ 80 

CQ 
T3 

c 60 
40 

20 





V 










140 
120 




\ 










100 






\ 








i 80 








\ 






g! 60 










\ 




40 












\ 


20 




60 
I 50 
1 40 

<D 

ho 

> 

1 20 

z 


1 1 10 100 Ik 10k IOC 
Frequency (Hz) 

INPUT VOLTAGE NOISE 
DENSITY VS FREQUENCY 


)k 
6 

1 4 

1 


























V 












\ 












\ 












o 2 

z 


Q. 10 

C 





























1 1( 


3 1C 
F 


K) 1 
■reque 


k 1( 
ncy (H 


)k 10 

z) 


Ok 1M 



^ 


^ 












lOOk 
10k 

|100 

m 10 

1 

01 


^ 


1^ 










N 


V 










.Si^ 


^ 


^ 










> 


V 












\ 


^ 


^ 










N 


s. 












\ 


^ 


^ 










> 


V 












\ 


^ 












N 


V 














N 












\ 



10 100 Ik 10k 100k 1M 10M 
Frequency (Hzi 



INPUT CURRENT NOISE 
DENSITY VS FREQUENCY 



10 100 Ik 10k 100k 1M 
Bandwidth Control, Cc (pF) 



OUTPUT NOISE CURRENT 
DENSITY VS FREQUENCY 



o 
o 

E 

H 
X 



100 Ik 10k 100k 1M 
Frequency (Hz) 




0) 
LU 

E 

< 



100 Ik 10k 100k 1M 
Frequency (Hz) 



THEORY OF OPERATION 

A simplified schematic of the XTR 1 00 is shown in Figure 

I. Basically the amplifiers, Ai and A2, act as an instru- 
mentation amplifier controlling a current source, A3 and 
Qi. Operation is determined by an internal feedback 
loop. Ci applied to pin 3 will also appear at pin 5 and 
similarly e2 will appear at pin 6. Therefore the current in 
Rs, the span setting resistor, will be Is = (e2 - ei)/Rs = 
cin/Rs. This current combines with the current, I3, to 
form Ii. The circuit is configured such that I2 is 19 times 

I I . From this point the derivation of the transfer function 
is straightforward but lengthy. The result is shown in 
Figure 1. 

Examination of the transfer function shows that lo has a 
lower range-limit of 4mA when cin = e2 - ei = OV. This 
4mA is composed of 2mA quiescent current exiting pin 7 
plus 2mA from the current sources. The upper range limit 
of lo is set to 20mA by the proper selection of Rs based on 
the upper range limit of cin. Specifically Rs is chosen for a 
1 6mA output current span for the given full scale input 
voltage span; i.e., (0.016U + 40/Rs)(eiN full scale) 
= 16mA. Note that since lo is unipolar 62 must be kept 
larger than ei; i.e., e2 ^ Ci or cin ^ 0. Also note that in 
order not to exceed the output upper range limit of 
20mA, eiN must be kept less than IV when Rs = °° and 
proportionately less as Rs is reduced. 



VOLTAGE CONTROLLED 
GUBBENT80UBCE 




'REF2 



2.Skn 



io = 4mA + (aOI 6 U -I- 40/R8I Bin. tm. = 62-81 



Z 
LU 

OC 

I- 

w 

z 



FIGURE 1. Simplified Schematic of the XTR 100. 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

Major points to consider when designing with the 
XTRIOO: 

1 . The leads to Rs should be kept as short as possible to 
reduce noise pick-up and parasitic resistani^e. 

2. +Vcc should be bypassed with a O.OI/liF capacitor as 
close to the unit at possible (pin 8 to 7). 

3. Always keep the input voltages within their range of 
linear operation 

+ 4V^ei< + 6V 
+ 4V^e2^ + 6V 
(ei and ci measured with respect to pin 7). 

4. The maximum input signal level (eiNp^) is IV with 
Rs = * and proportionally less as Rs decreases. 

5. Always return the current references (pins 10 and 1 1) 
to the output (pin 7) through an appropriate resistor. 
If the references are not used for biasing or excitation 
connect them together and through a 1 kO resistor to 
pin 7. Each reference must have between +1V and 
+(Vcc -4V) with respect to pin 7. Filter with one 
0.01/iF or two 0.0047/xF capacitors. 

6. Always choose Rl (including line resistance) so that 
the voltage between pins 7 and 8 (+Vcc) remains 
within the 1 1 .6V to 40V range as the output changes 
between the 4mA to 20mA range (see Figure 2). 

7. It is recommended that a reverse polarity protection 
diode (Di in Figure I) be used. This will prevent 
damage to the XTRIOO caused by momentary (e.g., 
transient) or long term application of the wrong 
polarity of voltage between pins 7 and 8. 

8. When the XTRIOO is in high gain, use a compensation 
capacitor, pins 12 and 13, and consider PC board 
layout which minimizes parasitic capacitance. 



Solving for Rs; 




FIGURE 2. Power Supply Operating Range. 

SELECTING Rg 

RsPAN is chosen so that a given full scale input span ciNpg 
will result in the desired full scale output span of AIofs, 
[(0.016U) + (40/ Rs)] AeiN = AIo = 16mA. 



Rs = 



40 



AIo/Ae-0.016U 

For example, if AeiNp^ = lOOmV for AIop^ = 16mA 
40 40 40 



(1) 



Rs = 



(16mA/ 100m V) 0.16-0.016 0.144 



278n 



See Typical Performance Curves for a plot of Rs vs 
AeiNp^. Note that in order not to exceed the 20mA upper 
range limit Cin must be less than IV when Rs = ^l and 
proportionately smaller as Rs decreases. 



BIASING THE INPUTS 

The internal circuitry of the XTRIOO is such that both d 
and e2 must be kept approximately 5V above the voltage 
at pin 7. This is easily done by using one or both current 
sources and an external resistor R2. Figure 3 shows the 
simplest case - a floating voltage source e'2. The 2mA 
from the current sources flows through the 2.5kn value 
of R2 and both ei and e2 are raised by the required 5V with 
respect to pin 7. For linear operation the constraint is 

+4V < ei ^ +6V 
-f 4V :^ e2 ^ +6V 




i,=4iiiA+(amau + x"1"ih 



FIGURE 3. Basic Connection for Floating Voltage 
Source. 

Figure 4 shows a similar connection for a resistive 
transducer. The transducer could be excited either by one 
(as shown) or both current sources. 



Burr-Brown IC Data Book 



3-118 



Vol. 33 



IfflA 




r — -' 

^ALTERNATE CIRCUITRY 

SHOWN IN FIGURE 6 I—IH 

OJIImF 



lo = 4inA*(OJItU+^)iin 
8|)| = i2 = IfflA xRj 



FIGURE 4. Basic Connection for Resistive Source. 

CMV AND CMR 

Thus the XTR 100 is designed to operate with a nominal 
5V common-mode voltage at the input and will function 
properly with either input operating over the range of 4V 
to 6V with respect to pin 7. The error caused by the 5V 
CMV is already included in the accuracy specifications. 
If the inputs are biased at some other CMV then an input 
offset error term is (CMV - 5)/CMRR; CMR is in dB, 
CMRRisinV/V. 

SIGNAL SUPPRESSION AND ELEVATION 

In some applications it is desired to have suppressed zero 
range (input signal elevation) or elevated zero range 
(input signal suppression). This is easily accomplished 
with the XTR 100 by using the current sources to create 
the suppression/ elevation voltage. The basic concept is 
shown in Figures 5 and 6(a). In this example the sensor 
voltage is derived from Rt (a thermistor, RTD or other 
variable resistance element) excited by one of the 1mA 
current sources. The other current source is used to create 
the elevated zero range voltage. Figures 6(b), (c) and (d) 
show some of the possible circuit variations. These 
circuits have the desirable feature of noninteractive span 
and suppression/ elevation adjustments. Note: It is not 
recommended to use the optional offset voltage null (pins 
1, 2, and 14) for elevation/ suppression. This trim 
capability is used only to null the amplifier's input offset 
voltage. In many applications the already low offset 
voltage (typically 20/u V) will not need to be nulled at all. 
Adjusting the offset voltage to nonzero values will 
disturb the voltage drift by ±0.3mV/°C per lOO/^V of 
induced offset. 




•in no 



S 



FIGURE 5. Elevation and Suppression Graph. 
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FIGURE 6. Elevation and Suppression Circuits. 



APPLICATION INFORMATION 

The small size, low offset voltage and drift, excellent 
linearity, and internal precision current sources, make 
the XTR 100 ideal for a variety of two-wire transmitter 
applications. It can be used by OEM's producing different 
types of transducer transmitter modules and by data 
acquisition systems manufacturers who gather transducer 
data. Current mode transmission greatly reduces noise 
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interference. The two-wire nature of the device allows 
economical signal conditioning at the transducer. Thus 
the XTR 100 is, in general, very suitable for individualized 
and special purpose applications. 

EXAMPLE 1 - RTD Transducer shown in Figure 7. 
Given a process with temperature limits of +25°C and 
+150°C, configure the XTR 100 to measure the temper- 
ature with a platinum RTD which produces lOOH at 0°C 
and 200n at +266"C (obtained from standard RTD 
tables). Transmit 4mA for 4-25°C and 20mA for -I- 150°C. 
Computing Rs. 

The sensitivity of the RTD is AR/AT = 100n/266"C. 
When excited with a 1mA current source for a 25"C to 
150°C range (i.e., 125°C span) the span of em is 1mA x 
(100n/266°C) X 125°C = 47mV = Ae,N. 



From equation 1 , Rs = 



40 



AIo 

Ae.„ 



Rs = 



40 



16mA 
47mV 



0.016 U 



- 0.016U 



40 
0.3244 



= 123.3n 



Span adjustment (calibration) is accomplished by trim- 
ming Rs. 

Computing R4- 



At25"C,e'2=lmAx[100n + ( 

= 1mA X 109.40 
= 109.4mV 



loon 

266°C 



X 25X)] 



In order to make the lower range limit of 25°C correspond 
to the output lower range limit of 4mA the input circuitry 
shown in Figure 7 is used. 

eiN is made at 25''C 
or e2 25'c - V4 = 



thus, V4 = e2 25»c = 109.4mV 



R4 = 



V4 

1mA 



109.4mV 
1mA 



109.4n 



Computing R2 and checking CMV : 
At 25°C, e'2 = 109.4mV 



At 150°C, e2 = 1mA x [lOOH + ( 



1 56.4m V 



looa 

266X 



x 150°C)] 



Since both 62 and V4 are small relative to the desired 5V 
common-mode voltage they may be ignored in computing 
R2 as long as the CMV is met. 

R2 = 5V/2mA = 2.5kn 
62 min = 5V + 0.1094V I 
62 max = 5V + 0.1564V 

ei=5V + 0.1094V 



The+4Vto+6VCMV 
requirement is met. 




FIGURE 7. Circuit for Example 1. 

EXAMPLE 2 - Thermocouple Transducer shown in 
Figure 8. Given a process with temperature (Ti) limits of 
0"C and +1000T, configure the XTR 100 to measure the 
temperature with a type J thermocouple that produces a 
58m V change for 1000°C change. Use a semiconductor 
diode for a cold junction compensation to make the 
measurement relative to 0°C. This is accomplished by 
supplying a compensating voltage, Vr,6, equal to that 
normally produced by the thermocouple with its "cold 
junction" (T2) at ambient. At a typical ambient of +25°C 
this is 1.28mV (obtained from standard thermocouple 
tables with reference junction of 0°C). Transmit 4mA for 
Ti = O'^C and 20mA for Ti - + 1000°C. Note: em = 62 - ei 
indicates that Ti is relative to T2. 

Establishing Rs : 

The input full scale span is 58mV (Aemp^ = 58mV). 

Rs is found from equation (1) 



Rs = 



40 



Alo 
Aem 



- 0.016U 



40 



40 



16mA 
58mV 



- 0.016U 



0.2599 



Rs= 153.90 
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Selecting R4' 

R4 is chosen to make the output 4mA at Ttc = 0°C ( Vtc = 
-1 .28mV) and Td = 25°C (Vd = 0.6V). A cirquit is shown 
in Figure 8. 

Vtc will be -1.28mV when Ttc = 0°C and the reference 
junlion is at -l-25*'C. ei must be computed for the 
condition of Td = +25°C to make Cin = OV. 

= 600mV. 

= 600mV X 51/2051 = 14.9mV 

= 62 - ei = + Vtc + V4 - Ci 

= Oand Vtc = - 1.28m V 

= e'l + eiN - Vtc = 14.9mV + OV -(-1.28mV) 



Vl)25"C 

ei 25..^. 
eiN 
with eiN 

V4 

1mA XR4 = 16.18mV 

R4 = 16.18n 




FIGURE 8. Thermocouple Input Circuit with Two 
Temperature Regions and Diode (D) 
Cold Junction Compensation. 



The didde voltage has the form 

KT Idiode 

Typically at T2 = 25T, Vd = 0.6V and AVd/AT = 
-2mV/°C. R5 and R6 form a voltage divider for the diode 
voltage Vd. The divider values are selected so that the 
gradient AVd/AT equals the gradient of the thermo- 
couple at the reference temperature. At 25°C this is 
approximately 52/liV/°C (obtained from standard ther- 
mocouple table) therefore. 



AVtc/AT = AVd/AT (- 



R6 



R5 + R6 



-) 



(2) 



52iuV/°C = 2000mV/T ( 



R6 



R5 + R6 



R5 is chosen as 2kfl to be much larger than the resistance 
of the diode. Solving for Re yields 5 IH. 



THERMOCOUPLE BURN-OUT INDICATION 

In process control applications it is desirable to detect 
when a thermocouple has burned out. This is typically 
done by forcing the two-wire transmitter current to either 
limit when the thermocouple impedance goes very high. 
The circuits of Figures 14 and 15 inherently have down 
scale indication. When the impedance of the thermo- 
couple gets very large (open) the bias current flowing into 
the +input (large impedance) will cause lo to go to its 
lower range limit value (about 3.8mA). If up scale 
indication is desired the circuit of Figure 1 6 should be 
used. When the TC opens the output will go to its upper 
range limit value (about 25mA or higher). 



Cold Junction Compensation: 

The temperature reference circuit is shown in Figure 9. 
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FIGURE 9. Cold Junction Compensation Circuit. 



OPTIONAL INPUT OFFSET VOLTAGE TRIM 

The XTRIOO has provisions for nulling the input offset 
voltage associated with the input amplifiers. In many 
applications the already low offset voltage (25ju V max for 
the B grade, 50jliV max for the A grade) will not need to 
be nulled at all. The null adjustment can be done with a 
potentiometer at pins 1 , 2, and 14 as shown in Figures 3 
and 4. Either of these two circuits may be used. NOTE: It 
is not recommended to use this input offset voltage 
nulling capability for elevation or suppression. See the 
Signal Suppression and Elevation section for the proper 
techniques. 



OPTIONAL BANDWIDTH CONTROL 

Low-pass filtering is recommmended where possible and 
can be done by either one of two techniques shown in 
Figure 10. C2 connect to pins 3 and 4 will reduce the 
bandwidth with a cutoff frequency given by, 

__^ 1.59x10 

^'''' " (R, + R2 + R3 + R4)(C2 + 0.047mF) 
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with fco in Hz, all Rs in O and C2 in juF. This method has 
the disadvantage of having fco vary with Ri, R2, R3, R4, 
and it may require large values of R3 and R4. The other 
method, using Ci will use smaller values of capacitance 
and is not a function of the input resistors. It is however, 
more subject to nonlinear distortion caused by slew rate 
limiting. This is normally not a problem with the slow 
signals associated with most process control transducers. 
The relationship between Ci and fco is shown in the 
Typical Performance Curves. 



0.0047/uF 






cz;; 



hi 






; ; o.oo47mF 




*R3 AND R4 SHOULD BE MADE EQUAL IF USED. 
Internally anj,^ „ j, = x/B^input siige *[» outptit sttga 1 ^ 



FIGURE 10. Optional Filtering. 
APPLICATION CIRCUITS 




FIGURE 11. XTRIOO with Loop-powered Isolation. 




FIGURE 12. Bridge Input, Voltage Excitation. 
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FIGURE 13. Bridge Input, Current Excitation. 




THE CIRCUIT HAS 
DOWN SCALE BURN-OUT 
INDICATION 




ti 



FIGURE 14. Thermocouple Input with RTD 
Cold Junction Compensation. 



THE CIRCUIT HAS 
DOWN SCALE BURN-OUT 
INDICATION 




FIGURE 15. Thermocouple Input with 

Diode Cold Junction Compensation. 



THIS CIRCUIT HAS UP 
SCALE BURN-OUT INDICATION 




FIGURE 16. Thermocouple Input with RTD 
Cold Junction Compensation. 
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v+O- 




MC1403A 



Rj > 125n 



OTHER CONVERSIONS ARE READILY ACHIEVABLE BY 
CHANGING THE REFERENCE AND RATIO OF R| to R2. 
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FIGURE 17. 0mA to 20mA Output Converter. 



DETAILED ERROR ANALYSIS 

The ideal output current is 

lo 101. \i = 4mA + K eiN (3) 

K is the span (gain) term, (0.01 6mA/ mV) + (40/ Rs) 

The nature of the XTRIOO circuit is such that there are 
three major components of error 

00 = error associated with the output stage. 

as = errors associated with span adjustment. 

oi = errors associated with input stage. 
The transfer function including these errors is 

lo AciuAL = (4mA + cjo) + K ( 1 + asKeiN + oi) (4) 

When this expression is expanded, second order terms (as 
ai) dropped, and terms collected, the result is 

io ACTUAL = (4mA + ao) + K em "Kai + Kas Cin (5) 

The error in the output current is io actual - io ideal and 
can be found by subtracting equations (5) and (3). 

io ERROR = ao + Kas + K as eiN (6) 

This is a general error expression. The composition of 
each component of error depends on the circuitry inside 
the XTRIOO and the particular circuit in which it is 
applied. The circuit of Figure 7 will be used to illustrate 
the principles. 

ao = losj^^^-j (7) 

los^^Q* = the output offset error current. 



For the circuit of Figure 7, 



o\ — Vosi + [Ibi Rt - Ib2 R4] + 

, (e, + e2)/2-5V 



AVcc 
PSRR 



(8) 



CMRR 



The term in brackets maybe written in terms of offset 
current and resistor mismatches as lei AR + los' R4. 

Vosi* = input offset voltage 
Ibi,* Ib2* = input bias current 
losi* = input offset current 
AR = Rt - R4 = mismatch in resistor 
AVcc = change supply voltage between pins 7 and 
8 away from 24V nomimal 
PSRR* = power supply rejection ratio 
CMRR* = common-mode rejection ratio 

os = €nonlin + eSPAN 
cnonlin* = span nonlinearity 

esPAN* = span equation error. Untrimmed error 
= 3% max. May be trimmed to zero. 
* Items marked with an asterisk (*) can be found in the 
Electrical Specifications. 

EXAMPLE 3 

Given the circuit in Figure 7 with the XTRIOOB speci- 
fications and the following conditions: Ri = 109.40 at 
25''C, Rt = 1 56.4n at 1 50°C, Io = 4mA at 25"C, L = 20mA 
at 150°C, Rs = 123.30, R4 = 1090, Rl = 250O, Rline = 
1000, Vdi = 0.6V, Vps = 24V ±0.5%. Determine the % 
error at the upper and lower range values. 

A. At the lower range value (T = 25°C). 
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ao = IoSrt^o ^ ±4mA 
ai = Vos. + [lBi AR + IosIR4]- 
(el+e2)/2-5 



AVcc 
PSRR 



CMRR 
AR = R^ ■ 

^25°C 



R4= 109.4- 109 «0 



AVcc = 24 X 0.005 + 4mA (250O + lOOO) + 0.6V 
= 120mV + 1400mV + 600m V = 2120mV 
ei =(2mAx2.5kO)+(lmAx 1090) = 5.109V 
e2=(2mAx2.5kO)-h(lmAxl09.4O)=5.1094V 
(e, +e2)/2-5«0 
PSRR = 3.16 X lO^for llOdB 
CMRR = 31.6 X 10'for90dB 
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ai = 25m V + (150nA x + 30nA x 1090) 



. 2120mV 

-f- __ -j- 



3.16x10^ 31.6x10' 

= 25mV + 3.27mV + 6.7mV + 
= 34.97 

as = CnONLIN + €SPAN 

= 0.0001 + (assumes trim of Rs) 
io error = ao + K ai + K as Cin 



(9) CONCLUSIONS 

From equation (9) it is observed that the predominant 
error term is the input offset voltage (25mV for the B 
grade). This is of little consequence in many applications. 
Vos RTi can, however, be nulled using the pot shown in 
Figures 3 and 4. From equation (10), the predominant 
errors are los rti (4)11 A), Vos rti (25/xV), and Ib (I50nA), 
max, B grade. 



40 40 



since Rr 25 c ~ *^4 

eiN=(lREFi-lREF2)R4 = 0.lMAx 1090= 10.9mV 

Since the maximum mismatch of the current references is 
0.01%of lmA = 0.lMA 

io error =4mA + (0.34Ux 34.97) + (0.341 x 0.0001) 

X 10.9/xV = 4/x A + 1 1.89mA + 0.0004mA = 15.89mA 



% error = ■ 



15.89 
4mA 



X 100% = 0.4 at lower range value. 



B. At the upper range value ( T = 150°C) 

AR = RT^5(,c - R4 = 156.4 - 109.4 = 470 
AVcc = 24 X 0.005 + 20mA (2500 + lOOO) + 0.6 
= 7720mV 
ei= 5.109V 

e2 = (2mA X 2.5kO) + ( 1 mA X 1 56.40) = 5. 1 56V 
(eie2)/2-5V«*0 
AR = -R, ,5^,,^ + R4 = 156.4 - 109 = 470 
ao = 4iuA 
ai = 25m V + (150nA x 470 + 30nA x 109O) 

7720mV 

+ ; + 



3.16x10^ 31.6x 10' 
= 25mV + 10.33mV + 24mV FO = 59.33mV 

as = 0.0001 

eiN = e2 - V4 = Irefi Rt ,5(y.c - Iref2 R4 
= (1mA X 156.40) - (1mA - 1090) 
= 47mV. 

io ERROR = ao + K ai + K as X eiN (|0) 

= 4mA + 0.341U X 59.33mV + 0.341Ux 

0.0001 X 47000m V 
= 4x20.23+ 1.6 = 25.83m a 

25.83mA 
% error = ^^^^ x 100% = 0. 13% at upper 

range value or % of FS. 



A NOTE FOR HIGH GAIN APPLICATIONS 

In applications where e,n full scale is small (<50mV) and 
Rspan is small (<«150O), caution should be taken to con- 
sider errors from the external span circuit plus high 
amplification of offset drift and noise. 
In such applications, be sure to include the effect of the 
normal thermal feedback within the XTRIOO package. 
Small additional errors occur from a change in input 
offset voltage and current due to a change in chip temper- 
ature resulting from a change in output current (4mA up 
to 20mA). 
The XTRIOO has two thermal resistance specifications: 

0JA = n5°c 

This is the thermal resistance from output transistor 

to ambient. It is used for normal power dissipation 

considerations (see Figure 18). 

0ji = 6O°C/W 

This is the thermal resistance which describes the 
effect of output stage power dissipation in input stage 
temperature rise. 
As an example of how dn would be applied, we will 
calculate the limits with Vps = 40V and Rl = 250O. 
Power Dissipation: 

at 20mA output: 20mA [40V-(20mA X 250O)] = 700mW 

at 4mA output: 4mA [40V-(4mA X 250O)] = 156mW 

Thermal Resistance: dn = 60°C/W 

Input Stage Temperature Rise: 

at 20mA output: 700mW X 60°C/W = 42°C 

at 4mA output: 156mW X 60°C/ W = 9.4°C 

Thus under these conditions when the output changes 

from 4mA to 20mA the input stage temperature changes 

42°C - 9.4°C = 32.6°C. The maximum input stage offset 

change will depend on the particular grade specification: 

A Grade (1mV/°C max) = 32.6m V 

B Grade (0.5mV/°C max) = 16.3mV 
The amount of error that this offset voltage represents 
depends on how large the full scale input voltage is. It is 
worse, of course, for small input voltages. Table I shows 
the error as a percentage of full scale and in terms of 
output current (% FS error X 16mA FS output span). 



Burr-Brown IC Data Book 



3-124 



Vol 33 



TABLE I. Maximum Errors Due to Thermal Feedback 
Vps = 40V, Rl = 250n. 





lOmV FS 


lOOmV FS 


IV FS 


A Grade 


0.326% 
(52.?/uA) 


0.0326% 
(5.22/iA) 


0.0033% 
(0.52?A'A) 


B Grade 


0.163% 
(261A/A) 


0.0163% 
(2.61M) 


0.0016% 
(0 2eiAfA) 



HOW TO REDUCE ERRORS 

Lower Vps 

The errors can be reduced by lowering the voltage at the 
XTRIOO line terminals. The errors in the example above 
represent a fairly demanding condition of maximum volt- 
age (Vps = 40V) and minimum resistance (Rl = 2500). If 
the voltage is lowered to 24V, then a 4mA to 20mA 
output change causes a change in input stage tempera- 
ture of 17.3°C and the errors in Table I are reduced by a 
factor of 17.3°C/32.6°C = 0.53. (Note that this is differ- 
ent than the decrease in the voltage itself: 24/40 = 0.6.) 
Raise Resistance 

If the load or line resistance is raised the output power 
dissipation will also be reduced. If Rl = 4000 (400/250 
= 1.6), the change in output temperature is 29.2°C as the 
output changes from 4mA to 20mA (still with Vps = 
40V) and the errors in Table I are reduced by a factor of 
29.2°C/32.6°C = 0.9. 
Heat Sink 

Heat sinking the package will reduce both Bja and Bn. 
The following is information on small-finned heat sinks 
that are attached with an epoxy heat sink adhesive 
(AH AM-985). The three models are 0.75" X 0.4" X 0.21". 

Model 141 Models 141 and 142 



AHAM 

27901 Front St. 
Rancho, CA 92390 
(714) 676-4151 



Heat Sink Plus 
28715 Via Montezuma 
Temecula, CA 92390 
(714) 676-3031 
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FIGURE 18. Power Derating Curve. 

GENERAL RECOMMENDATIONS HANDLING 
PROCEDURES FOR INTEGRATED CIRCUITS 

All semiconductor devices are vulnerable, in varying 
degrees, to damage from the discharge of electrostatic 
energy. Such damage can cause performance degradation 
or failure, either immediate or latent. As a general 
practice we recommend the following handling pro- 
cedures to reduce the risk of electrostatic damage. 

1. Remove the static-generating materials, such as 
untreated plastics, from all areas that handle micro- 
circuits. 

2. Ground all operators, equipment, and work stations. 

3. Transport and ship microcircuits, or products in- 
corporating microcircuits, in static-free, shielded 
containers. 

4. Connect together all leads of each device by means of a 
conductive material, when the device is not connected 
into a circuit. 

5. Control relative humidity to as high a value as practi- 
cal (50% is recommended). 
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BURR-BROWN® 




XTR101 



AVAILABLE IN 
DIE FORM 



Precision, Low Drift 

4mA to 20mA 

TWO-WIRE TRANSIVIITTER 



FEATURES 

• INSTRUMENTATION AMPLIFIER INPUT 

Low Offset Voltage, 30//V max 
Low Voltage Drift. QJlbfj\l/°{: max 
Low Nonlinearity, 0.01% max 

• TRUE TWO-WIRE OPERATION 

Power and Signal on One Wire Pair 
Current Mode Signal Transmission 
High Noise Immunity 

• DUAL MATCHED CURRENT SOURCES 

• WIDE SUPPLY RANGE. 11.6V to 40V 

• -40°C to +85»C SPECIFICATION RANGE 

• SMALL 14-PIN DIP PACKAGE. CERAMIC AND PLASTIC 

DESCRIPTION 

The XTRlOl is a microcircuit, 4mA to 20mA, two- 
wire transmitter containing a high accuracy instru- 
mentation amplifier (lA), a voltage-controlled out- 
put current source, and dual-matched precision cur- 
rent reference. This combination is ideally suited for 
rernote signal conditioning of a wide variety of 
transducers such as thermocouples, RTDs, thermis- 
tors, and strain gauge bridges. State-of-the-art design 
and laser-trimming, wide temperature range opera- 
tion and small size make it very suitable for indus- 
trial process control applications. In addition the 
optional external transistor allows even higher pre- 
cision. 

The two-wire transmitter allows signal and power to 
be supplied on a single wire-pair by modulating the 
power supply current with the input signal source. 
The transmitter is immune to voltage drops from 
long runs and noise from motors, relays, actuators, 
switches, transformers, and industrial equipment. It 



APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL 

Pressure Transmitters 
Temperature Transmitters 
Millivolt Transmitters 

• RESISTANCE BRIDGE INPUTS 

• THERMOCOUPLE INPUTS 

• RTD INPUTS 

• CURRENT SHUNT (mV| INPUTS 

• PRECISION DUAL CURRENT SOURCES 

• AUTOMATED MANUFACTURING 

• P€WER PLANT/ENERGY SYSTEM MONITORING 



can be used by OEMs producing transmitter modules 
or by data acquisition system manufacturers. Also, 
the XTRlOl is generally very useful for low-noise, 
current-mode signal transmission. 



eiO ^^ 



Optional 
External 
Transistor 




■O 'out 



*Pins 12 and 13 are used for optional BW control. 
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SPECIFICATIONS 



ELECTRICAL 

At Ta = +25''C, +Vcc = 24VDC, Rl = 1000 with external transistor connected unless otherwise noted. 



PARAMETER 


CONDtTIONS/DESiGNATION 


XTR101AG 


XTR101BG 


XTR101AP 


XTR101AU 


UNITS 


MIN 


tVp 


MAX 


MIN 1 TYP I MAX 


MIN 1 TYP 


MAX 


MIN 1 TYP 


MAX 


OUTPUT AND LOAD CHARACTERISTICS | 


Current 


Linear Operating Region 


4 




20 


♦ 




* 


* 




♦ 


• 




♦ 


mA 




Derated Performance 


3.8 




22 


♦ 




« 


♦ 




* 


* 




♦ 


mA 


Current Limit 






28 


38 




♦ 


» 




31 


* 




31 


* 


mA 


Offset Current Error 


los, lo = 4mA 




±3.9 


±10 




±2.5 


±6 




±8.5 


±19 




.±8.5 


±19 


/"A 


vs Temperature 


Alos/AT 




±10 5 


±20 




±8 


±15 




±10.5 


±20 




* 




ppm, FS/»C 


Full Scale Output Current Error 


Full Scale = 20mA 




±20 


±40 




±15 


±30 




±30 


±60 




±30 


±60 


M 


Power Supply Voltage 


Vcc, pins 7 and 8, 'compliance"' 


+11.6 




+40 


* 




♦ 


* 




♦ 


♦ 




* 


VDC 


Load Resistance 


AtVcc = +24V,lo = 20mA 
AtVcc = +40V,lo = 20mA 






600 
1400 






* 






600 
1400 






. 




n 


SPAN 1 


Output Current Equation 


Rs in 0, ei and 62 in V 








lo = 4mA + [0.016O + (40/Rs)] (62 - ei) 










Span Equation 


RsinQ 










S = [0.0160 + (40/Rs)] 










A/V 


vs Temperature 


Excluding TOR of Rs 




±30 


±100 




* 


* 




* 


* 




♦ 


* 


ppm/X 


Untrimmed En'or"" 


CSPAN 


-5 


-2 5 





♦ 


* 


♦ 


* 


♦ 


* 


* 


* 


♦ 


% 


Nonlineanty 


^NONLINEARITY 






0.01 






* 






* 






♦ 


% 


Hysteresis 













* 






♦ 






* 
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•Same as XTR101AG 

NOTES. (1) See Typical Performance Curves. (2) Span error shown is untrimmed and may be adjusted to zero (3) ei and 62 are signals on the -In and +ln 
terminals with respect to the output, pin 7. While the maximum permissible Ae is 1 V, it is primarily intended for much lower input^ignal levels, e.g., 10mV or 50mV full 
scale for the XTR101A and XTR101B grades respectively. 2mV FS is also possible with the B grade, but accuracy will degrade due to possible errors in the low value 
span resistance and very high amplification of offset, drift, and noise. (4) Offset voltage is trimmed with the application of a 5V common-mode voltage. Thus the 
associated common-mode error is removed See Application Information section. 



ABSOLUTE MAXIMUM RATINGS 



Power Supply, Vcc 40V 

Input Voltage, ei or 02 >Vout, <+Vcc 

Storage Temperature Range, Ceramic -55" C to +165°C 

Plastic -65°C to +125''C 

Lead Temperature 

(soldering, IDs) G, P +300°C 

(wave soldering, 3s) U +260'*C 

Output Short-Circuit Duration Continuous +Vcc to lour 

Junction Temperature +165''C 
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ORDERING INFORMATION 



Model 


Package 


Temperature 
Range 


XTR101AG 
XTR101BG 
XTR101AP 
XTR101AU 


Ceramic DIP 
Ceramic DIP 
Plastic DIP 
Plastic SOIC 


-40°Cto+85°C 
-40°Cto+85°C 
-40°Cto+85°C 
-40°Cto+85°C 


BURN-IN SCREENING OPTION 

See text for details. 


Model 


Package 


Burn-In Temp. 
(160h)'^' 


XTR101AG-BI 
XTR101BG-BI 
XTR101AP-BI 
XTR101AU-BI 


Ceramic DIP 
Ceramic DIP 
Plastic DIP 
Plastic SOIC 


+125°C 
+125°C 
+85° C 
+85° C 



BURN-IN SCREENING 

Burn-in screening is an option available for both plastic- 
and ceramic-packaged XTRlOls. Burn-in duration is 
160 hours at the temperature shown below (or equivalent 
combination of time and temperature). 

Plastic "-BI" models: +85° C 
Ceramic "-BI" models: +125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 



NOTE (1) Or equivalent combination See text 



TYPICAL PERFORMANCE CURVES 
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THEORY OF OPERATION 

A simplified schematic of the XTRlOl is shown in Figure 
1. Basically the amplifiers, Ai and,A2, act as a single 
power supply instrumentation amplifier controUing a 
current source, A3 and Qi. Operation is determined by 
an internal feedback loop, ei applied to pin 3 will also 
appear at pin 5 and similarly ti will appear at pin 6. 
Therefore the current in Rs, the span setting resistor, will 
be Is = (e2 — ei)/Rs = cin/Rs. This current combines 
♦h the current, I3, to form Ii. The circuit is configured 
such hat I2 is 19 times Ii. From this point the derivation 
of the transfer function is straightforward but lengthy. 
The result is shown in Figure 1. 

Examination of the transfer function shows that lo has a 
lower range-limit of 4mA when em = e2 — ei = OV. This 
4mA is composed of 2mA quiescent current exiting pin 7 
plus 2mA from the current sources. The upper range 
limit of lo is set to 20mA by the proper selection of Rs 
based on the upper range limit of tm. Specifically Rs is 
chosen for a 16mA output current span for the given full 
scale input voltage span; i.e., (0.016U -|- 40/Rs)(eiN full 
scale) = 16mA. Note that since lo is unipolar e2 must be 
kept larger than d; i.e., e2 > ei or cin ^ 0. Also note that 
in order not to exceed the output upper range limit of 
20mA, eiN must be kept less than IV when Rs = °o and 
proportionately less as Rs is reduced. 




VOLTAGE CONTROLLED 
CURRENT SOURCE 



111, 



'\Z D, 



1 



IREF2 



2.5I(J1 

-V/v— 



Jo = 4mA + (0.01 6 U -I- 40/Rs) Bin. Bin. = 62-81 



FIGURE 1. Simplified Schematic of the XTRIOl. 



INSTALLATION AND 
OPERATING INSTRUCTIONS 

BASIC CONNECTION 

The basic connection of the XTRlOl is shown in Figure 
1. A difference voltage applied between input pins 3 and 
4 will cause a current of 4mA to 20mA to circulate in the 
two-wire output loop (through Rl, Vps, and Di). For 
applications requiring moderate accuracy, the XTRlOl 
operates very cost-effectively with just its internal drive 
transistor. For more demanding applications (high accu- 
racy in high gain) an external NPN transistor can be 
added in parallel with the internal one. This keeps the 
heat out of the XTRlOl package and minimizes thermal 
feedback to the input stage. Also in such applicatibns 
where em full scale is small (<50mV) and Rspan is small 
(<150n), caution should be taken to consider errors 
from the external span circuit plus high amplification of 
offset drift and noise. 

OPTIONAL EXTERNAL TRANSISTOR 

The optional external transistor, when used, is con- 
nected in parallel with the XTRlOl's internal transistor. 
The purpose is to increase accuracy by reducing heat 
change inside the XTRlOl package as the output current 
spans from 4mA to 20mA. Under normal operating 
conditions, the internal transistor is never completely 
turned off as shown in Figure 2. This maintains fre- 
quency stability with varying external transistor charac- 
teristics and wiring capacitance. The actual "current 
sharing" between internal and external transistors is 
dependent on two factors: (1) relative geometry of emit- 
ter areas and (2) relative package dissipation (case size 
and thermal conductivity). For best results, the external 
device should have a larger base emitter area and smaller 
package. It will, upon turn on, take about [0.95 (lo — 
3.3mA)]mA. However, it will heat faster and take a 
greater share after a few seconds. 

Although any NPN of suitable power rating will operate 
with the XTRlOl, two readily available transistors are 
recommended for accuracy improvement: 

1. 2N2222 in the TO-18 package. For power supply volt- 
ages above 24V, a 7500, 1/2W resistor should be 
connected in series with the collector. This will limit 
the power dissipation to 377mW under the worst-case 
conditions shown in Figure 2. Thus the 2N2222 will 
safely operate below its 400mW rating at the upper 
temperature of +85°C. Heat sinking the 2N2222 will 
result in greatly reduced accuracy improvement and is 
not recommended. 

2. 2N6121 in the TO-220 package. This transistor will 
operate over the specified temperature and output 
voltage range without a series collector resistor. Heat 
sinking the 2N6121 will result in slightly less accuracy 
improvement. It can be done, however, when mechan- 
ical constraints require it. 
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*2N6121 is used in tiie minuficturing test circuit for testing electrics! speciflcstions. 
**This resistor is required only for the 2N2222 with Vps > 24V. 



FIGURE 2. Power Calculation of XTRlOl with External Transistor. 



ACCURACY WITH AND WITHOUT EXTERNAL 
TRANSISTOR 

The XTRlOl has been tested in a circuit using a 2N6121 
external transistor. The relative difference in accuracy 
with and without an external transistor is shown in Fig- 
ure 3. Notice that a dramatic improvement in offset volt- 
age change with supply voltage is evident for any value 
of load resistor. 



^ , 

Span = Alo = 16mA 




With external transistor 



RL = 100p 



^'tr-p^m 



20 30 

Vcc (V) 



FIGURE 3. Thermal Feedback Due to Change in 
Output Current. 



MAJOR POINTS TO CONSIDER WHEN USING 
THE XTR101 

1. The leads to Rs should be kept as short as possible to 
reduce noise pick-up and parasitic resistance. 

2. +Vcc should be bypassed with a O.Ol/uF capacitor as 
close to the unit as possible (pin 8 to 7). 

3. Always keep the input voltages within their range of 
linear operation, -|-4V to +6V (ei and e2 measured 
with respect to pin 7). 

4. The maximum input signal level (eiNps) is IV with Rs 
= oo and proportionally less as Rs decreases. 

5. Always return the current references (pins 10 and 11) 
to the output (pin 7) through an appropriate resistor. 
If the references are not used for biasing or excitation, 
connect them together to pin 7. Each reference must 
have between OV and -l-(Vcc — 4V) with respect to pin 
7. 

6. Always choose Rl (including line resistance) so that 
the voltage between pins 7 and 8 (H-Vcc) remains 
within the 11.6V to 40V range as the output changes 
between the 4mA to 20mA range (see Figure 4). 

7. It is recommended that a reverse polarity protection 
diode (Di in Figure 1) be used. This will prevent dam- 
age to the XTRlOl caused by a momentary (e.g., tran- 
sient) or long term application of the wrong polarity 
of voltage between pins 7 and 8. 

8. Consider PC board layout which minimizes parasitic 
capacitance, especially in high gain. 



Burr-Brown IC Data Book 



3-131 



Vol. 33 




FIGURE 4. Power Supply Operating Range. 

SELECTING Rs 

RspAN is chosen so that a given full scale input span emps 
will result in the desired full scale output span of AIofs, 

[(0.016U) + (40/ Rs)] AeiN = AIo = 16mA. 
Solving for Rs: 

^^ 

Rs = (1) 

AIo/Ae,N - 0.016U ^ 

For example, if Aemps ~ lOOmV for AIops — 16mA, 

„ _ 40 40 40 

0J44 



(16mA/100mV)- 0.016 

= 278n 



0.16 - 0.016 



See Typical Performance Curves for a plot of Rs vs 
AeiNps- Note that in order not to exceed the 20mA 
upper range limit, cin must be less than IV when Rs = <» 
and proportionately smaller as Rs decreases. 

BIASING THE INPUTS 

Because the XTR operates from a single supply both ei 
and €2 must be biased approximately 5V above the volt- 
age at pin 7 to assure linear response. This is easily done 
by using one or both current sources and an external 
resistor R2. Figure 5 shows the simplest case — a floating 
voltage source e'l. The 2mA from the current sources 
flows through the 2.5kft value of R2 and both ei and e2 
are raised by the required 5V with respect to pin 7. For 
linear operation the constraint is 

+4V < ei < +6V 
+4V < e2 < +6V 

The offset adjustment is used to remove the offset 
voltage of the input amplifier. When the input differential 
voltage (cin) equals zero, adjust for 4mA output. 
Figure 6 shows a similar connection for a resistive trans- 
ducer. The transducer could be excited either by one (as 
shown) or both current sources. Also, the offset adjust- 
ment has higher resolution compared to Figure 5. 



2mA 



24V— "lVL 




Ro = 2.Bkn 



2mA 
+ 5V 



ij=4iiiA + (0.016 u + -j-^^m 

S 
«IN = «2 



FIGURE 5. Basic Connection for Floating Voltage 
Source. 



1mA 




rri 



ALTERNATE CIRCUITRY 
SHOWN IN FIGURE 8 



L = 4mA + |0.016U+-^)8|n 
"S 
e|||| = e2 = 1mAxRj 



FIGURE 6. Basic Connection for Resistive Source. 

CMV AND CMR 

The XTR 101 is designed to operate with a nominal 5V 
common-mode voltage at the input and will function 
properly with feither input operating over the range of 4V 
to 6V with respect to pin 7. The error caused by the 5V 
CMV is already included in the accuracy specifications. 
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If the inputs are biased at some other CMV then an 
input offset error term is (CMV - 5)/ CMRR; CMR is in 
dB, CMRRisinV/V. 

SIGNAL SUPPRESSION AND ELEVATION 

In some applications it is desired to have suppressed zero 
range (input signal elevation) or elevated zero range 
(input signal suppression). This is easily accomplished 
with the XTRlOl by using the current sources to create 
the suppression/ elevation voltage. The basic concept is 



E. 10 




FIGURE 7. Elevation and Suppression Graph. 
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shown in Figures 7 and 8 (a). In this example the sensor 
voltage is derived from Rt ( a thermistor, RTD or other 
variable resistance element) excited by one of the 1mA 
current sources. The other current source is used to 
create the elevated zero range voltage. Figures 8 (b), (c) 
and (d) show some of the possible circuit variations. 
These circuits have the desirable feature of noninterac- 
tive span and suppression/ elevation adjustments. Note: 
It is not recommended to use the optional offset voltage 
null (pins 1, 2, and 14) for elevation/ suppression. This 
trim capability is used only to null the amplifier's input 
offset voltage. In many applications the already low 
offset voltage (typically 20/liV) will not need to be nulled 
at all. Adjusting the offset voltage to nonzero values will 
disturb the voltage drift by ±0.3/liV/°C per lOO/xV of 
induced offset. 

APPLICATION INFORMATION 

The small size, low offset voltage and drift, excellent 
linearity, and internal precision current sources, make 
the XTRlOl ideal for a variety of two-wire transmitter 
applications. It can be used by OEMs producing differ- 
ent types of transducer transmitter modules and by data 
acquisition systems manufacturers who gather trans- 
ducer data. Current mode transmission greatly reduces 
noise interference. The two-wire nature of the device 
allows economical signal conditioning at the transducer. 
Thus the XTRlOl is, in general, very suitable for individ- 
ualized and special purpose applications. 

EXAMPLE 1 

RTD Transducer shown in Figure 9. 

Given a process with temperature limits of -flS^C and 

-flSO^C, configure the XTRlOl to measure the tempera- 




FIGURE 8. Elevation and Suppression Circuits. 



FIGURE 9. Circuit for Example 1. 
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ture with a platinum RTD which produces lOOO at 0°C 
and 200n at +266°C (obtained from standard RTD 
tables). Transmit 4mA for +25°C and 20mA for -f 150°C. 
COMPUTING Rs: 

The sensitivity of the RTD is AR/AT = 100n/266°C. 
When excited with a 1mA current source for a 25°C to 
150°C range (i.e., 125°C span), the span of em is 1mA X 
(100n/266°C) X 125°C = 47mV = Aem. 

40 
From equation 1, Rs = 



AIo 
Aeii 



- 0.016ft 



Rs = 



40 



40 



16mA 0.3244 

: - 0.016U 



= 123.3a 



47mV 

Span adjustment (calibration) is accomplished by trim- 
ming Rs. 

COMPUTING R4: 

At +25°C, 62 = 1mA (Rt + ARt) 

= 1mA [lOOn + (i52£ X 25°C)] 

266°C 
= 1mA (109.4a) 
= 109.4mV 

In order to make the lower range limit of 25°C corres- 
pond t6 the output lower range limit of 4mA, the input 
circuitry shown in Figure 9 is used. 

eiN, the XTRlOl differential input, is made at 25°C 
or e2 25=c — V4 = 
thus, V4 = 622500 = 109.4mV 
V4 ^ 109.4mV 
1mA 1mA 



R4 



= 109.40 



COMPUTING R2 AND CHECKING CMV: 

At +25°C, €2 = 109.4mV 

At +150°C, €2 = 1mA (Rt + ARt) 

= 1mA [lOOn + (:|^ X 150°C)] 

266 C 
= 156.4mV 

Since both 62 and V4 are small relative to the desired 5V 
common-mode voltage, they may be ignored in comput- 
ing R2 as long as the CMV is met. 

R2 = 5V/2mA = 2.5kn 
62 min = 5V -h 0.1094V \ _ , .^. ^ _^^ ^^^^^ 
62 max = 5V + 0.1564V ^^^ +^^ ^° +^^ ^^^ 

6, = 5V -h 0.1094V j ^eq^i'-ement is met. 

EXAMPLE 2 

Thermocouple Transducer shown in Figure 10. 
Given a process with temperature (Ti) limits of 0°C and 
+1000°C, configure the XTRlOl to measure the tempera- 
ture with a type J thermocouple that produces a 58mV 
change for 1000°C change. Use a semiconductor diode 
for a cold junction compensation to make the measure- 



ment relative to 0°C. This is accomplished by supplying 
a compensating voltage, Vr6, equal to that normally 
produced by the thermocouple with its "cold junction" 
(T2) at ambient. At a typical ambient of +25°C this is 
1.28mV (obtained from standard thermocouple tables 
with reference junction of 0°C). Transmit 4mA for Ti = 
0°C and 20mA for Ti = +1000°C. Note: cin = 62-61 
indicates that Ti is relative to T2. 






I THERMOCOUPLE ' | 



'TC 



© 



VtcI 



1mA 



n:i 



14 




* i VVSi^ — *■ 



|TEMPERATURE T| j ' TEMPERATURE T2 = Tq 



FIGURE 10. Thermocouple Input Circuit with Two 
Temperature Regions and Diode (D) 
Cold Junction Compensation. 

ESTABLISHING Rs: 

The input full scale span is 58mV (AeiNps ~ 58mV). 
Rs is found from equation (1) 
40 



Rs = 



AIo 

Aeii 



- 0.016U 



40 



16mA 



0.016U 



40 
0.2599 



= 153.90 



58mV 
SELECTING R4: 

R4 is chosen to make the output 4mA at Ttc = 0°C (Vtc 
= -1.28mV) and To = +25°C (Vd = 0.6V). A circuit is 
shown in Figure 10. 

Vtc will be -1.28mV when Ttc = 0°C and the reference 
junction is at +25°C. Ci must be computed for the con- 
dition of Td = +25°C to make 6in = OV. 

VD250C = 600mV 

. 6i25°c = 600mV (51/2051) = 14.9mV 
eiN = 62 — 61 = Vtc 4- V4 — 61 
With eiN = and Vtc == -1.28mV, 
V4 = 61 + 61N — Vtc 

= 14.9mV + OV - (-1.28mV) 
1mA (R4) = 16.18mV 
R4 = 16.180 
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COLD JUNCTION COMPENSATION: 

The temperature reference circuit is shown in Figure 11. 
The diode voltage has the form 

AT ^^ ft Idiode 
Vd = — ytn — 

q ISAT 

Typically at T2 = +25°C, Vd = 0.6V and AVd/AT = 
— 2mV/°C. R5 and R6 form a voltage divider for the 
diode voltage Vd. The divider values are selected so that 
the gradient AVd/AT equals the gradient of the thermo- 
couple at the reference temperature. At +25°C this is 
approximately 52/xV/°C (obtained from standard ther- 
mocouple table); therefore, 

AVtc/AT = AVd/AT ( ^^— ) (2) 

vRs + R6 / 

52mV/°C = 200mV/°c( ^\ ) 
\ R5 + Re/ 

R5 is chosen as 2kCi to be much larger than the resistance 
of the diode. Solving for Re yields 51(1. 







llmA 




V 


R5: 

Re: 


+ 


►+ 
th 











FIGURE 11. Cold Junction Compensation Circuit. 

THERMOCOUPLE BURN-OUT INDICATION 

In process control applications it is desirable to detect 
when a thermocouple has burned out. This is typically 
done by forcing the two-wire transmitter current to 
either limit when the thermocouple impedance goes very 
high. The circuits of Figures 16 and 17 inherently have 
down scale indication. When the impedance of the ther- 
mocouple gets very large (open) the bias current flowing 
into the + input (large impedance) will cause lo to go to 
its lower range limit value (about 3.8mA). If up scale 
indication is desired the circuit of Figure 18 should be 
used. When the TC opens the output will go to its upper 
range limit value (about 25mA or higher). 

OPTIONAL INPUT OFFSET VOLTAGE TRIM 

The XTRlOl has provisions for nulling the input offset 
voltage associated with the input amplifiers. In many 
applications the already low offset voltages (30juV max 
for the B grade, 60/uV max for the A grade) will not need 
to be nulled at all. The null adjustment can be done with 
a potentiometer at pins 1, 2, and 14 as shown in Figures 5 



and 6. Either of these two circuits may be used. NOTE: It 
is not recommended to use this input offset voltage nul- 
ling capability for elevation or suppression. See the Sig- 
nal Suppression and Elevation section for the proper 
techniques. 

OPTIONAL BANDWIDTH CONTROL 

Low-pass filtering is recommended where possible and 
can be done by either one of two techniques shown in 
Figure 12. C2 connected to pins 3 and 4 will reduce the 
bandwidth with a cutoff frequency given by, 

15.9 



fco — 



(R, + R2 + R3 + R4) (C2 + 3pF) 



ImAI 



-V/^ 



C2=F 



(hVSA> 




*R3 AND R4 SHOULD BE MADE EQUAL IF USED. * 

Internally tn^^^^ r^, = N/e2|„pm3t,gg^[e o„tpm stage 1^ 
gain 



FIGURE 12. Optional Filtering. 

This method has the disadvantage of having fco vary 
with Ri, R2, R3, R4, and it may require large values of R3 
and R4. The other method, using Ci, will use smaller 
values of capacitance and is not a function of the input 
resistors. It is, however, more subject to nonlinear dis- 
tortion caused by slew rate limiting. This is normally not 
a problem with the slow signals associated with most 
process control transducers. The relationship between Ci 
and fco is shown in the Typical Performance Curves. 

APPLICATION CIRCUITS 



VOLTAGE I 
REFERENCE 



OTHER CONVERSIONS ARE READILY 
ACHIEVABLE BY CHANGING THE 
REFERENCE AND RATIO OF Ri TO R2. 



MC1403A 




>500n 



20inA) 



FIGURE 13. 0mA to 20mA Output Converter. 
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1 0.9852mA 1.81(0 1 j 'OM ?!"* Zm/> j sJ^J 



„ , LM129 
* 6.9V 
VOLTAGE 
REF 




^Rs 



r 



0.01^F < 4.71(0 



XTR101 




FIGURE 14. Bridge Input, Voltage Excitation. 




FIGURE 15. Bridge Input, Current Excitation. 



llmA 
TYPE J 






"^ S"S XTRlOl 



ZERO ADJ 



THE CIRCUIT HAS 
DOWN SCALE BURN-OUT 
INDICATION 



^-sH 



2.5k .n 




tJ 



FIGURE 16. Thermocouple Input with RTD Cold 
Junction Compensation. 



1mA 



TYPE J 



CK 



ZERO ADJ 



2i((i> 1mA 



51ii: 



THE CIRCUIT HAS 
DOWN SCALE BURN-OUT 
INDICATION 



"^S*^ 



XTR101 



2.5ki2 




V 



FIGURE 17. Thermocouple Input with Diode Cold 
Junction Compensation. 



THIS CIRCUIT HAS UP 




FIGURE 18. Thermocouple Input with RTD Cold 
Junction Compensation. 



15V ^ 




2.5ko 

AAA*——* 




WREF=llll«n2 



FIGURE 19. Dual Precision Current Sources Operated From One Supply. 
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+15V 



p+l — J — r 

■■■IT-I 



=F l/'P 



Ii/jr 
1*- 



1 




-►-15V 



-O VOUT* 

+IV TO +5V 



•CAN BE SHIFTED AND AMPLIFIED 
USING IS0100 CURRENT SOURCES 



DC 

H 
X 



ui 

E 

li 
a. 



O 

I 

z 
S 

3 
OC 



FIGURE 20. Isolated Two-Wire Current Loop. 

DETAILED ERROR ANALYSIS 

The ideal output current is 

io IDEAL = 4mA + K em (3) 

K is the span (gain) term, (0.0160 + (40/ Rs)) 
In the XTRlOl there are three major components of error: 

1 . oo = errors associated with the output stage. 

2. as = errors associated with span adjustment. 

3. o\ — errors associated with the input stage. 
The transfer function including these errors is 

io ACTUAL = (4mA + ao) + K (1 + as)(eiN + ai) (4) 
When this expression is expanded, second order terms 
(as o\) dropped, and terms collected, the result is 
io ACTUAL = (4mA + ao) + K Cin + Kai + Kas eiN 

(5) 
The error in the output current is io actual ~ io ideal 
and can be found by subtracting equations (5) and (3). 

io ERROR = ao + Kai + Kas Cin (6) 

This is a general error expression. The composition of 
each component of error depends on the circuitry inside 
the XTRlOl and the particular circuit in which it is 
applied. The circuit of Figure 9 will be used to illustrate 
the principles. 

1. ao = Iosrto (^) 

2. as = Cnonlinearity "I" Cspan (8) 

AVcc 



3. ai = Vosi + (Ibi R4 - Ib2 Rt) + 
^ (ei-he2)/2-5V 
CMRR 



PSRR 



(9) 



Vosi* = input offset voltage 
Ibi* Ib2* = input bias current 
losi* = input offset current 
Iosrto* = output offset current error 
AR = Rt — R4 = mismatch in resistor 
AVcc = change supply voltage between 

pins 7 and 8 away from 24V nominal 
PSRR* = power supply rejection ratio 
CMRR* = common-mode rejection ratio 
Cnonlin* = span nonlinearity 

esPAN* — span equation error. Untrimmed error 
= 5% max. May be trimmed to zero. 
Items marked with an asterisk (*) can be found in the 
Electrical Specifications. 

EXAMPLE 3 

The circuit in Figure 9 with the XTRIOIBG specifications 
and the following conditions: Rt = 109.40 at 25°C, Rt 
= 156.40 at 150°C, Io = 4mA at 25°C, Io = 20mA at 
150°C, Rs = 123.3n, R4 = 1090, Rl = 250O, Rline 
= 1000, Vdi = 0.6V, Vps = 24V ±0.5%. Determine the 
% error at the upper and lower range values. 
A. AT THE LOWER RANGE VALUE (T = +25°C). 
oo = Iosrto ~ ±6juA 

AVcc 



01 = Vosi + (Ibi AR + losi R4) + 
. (ei + e2)/2-5V 



PSRR 



The term in parentheses may be written in terms of offset 
current and resistor mismatches as Ibi AR + los' R4. 



CMRR 
AR = Rtzs-'c - R4 = 109.4 - 109 « 
AVcc = (24 X 0.005) + 4mA (250O + lOOO) 4- 0.6V 
= 120mV + 1400mV + 600mV 
= 2120mV 
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ei = (2mA X 2.5kn) + (1mA X 1090) = 5.109V 
62 = (2mA X 2.5kn) + (1mA X 109.40) 

= 5.1094V 
(ei +e2)/2- 5 = 0.1092V 
PSRR = 3.16 X 10' for llOdB 
CMRR = 31.6 X 10^ for 90dB 

oi = 30mV + (150nA X + 20nA X 1090) 
2120mV , 0.1092V 



3.16X10' 31.6X10^ 
= 30mV + 2.18/xV + 6.7mV -h 3.46mV 
= 42.34mV 

(7s = eNONLIN + CSPAN 

= 0.0001 4- (assumes trim of Rs) 
lo error = ao + K ai + K as Cin 



(10) 



40 40 

0.016 + — = 0.016 + 

Rs 123.30 



= 0.340U 



eiN — 62 ~ V4 — IrEFI Rt25°C ~ IrEF2 R4 

sinc6 Rt25°c — R4, 

eiN = (Irefi - Iref2) R4 = 0.4/xA X 109O 
= 43.6mV 

Sinc6 th6 maximum mismatch of the current references 

is 0.04% of 1mA = OAfiA, 

lo error = 6mA + (0.34 U X 42.34mV) + (0.34 U X 

0.0001 X 43.6)uV) = 6mA 4- 14.40mA 

+ 0.0015/xA 
= 20.40/uA 

% error = ?^ X 100% = 
,16mA 

0.13% of span at lower range value. 

B. AT THE UPPER RANGE VALUE (T = -f 150°C). 

AR = Rti5o°c - R4 = 156.4 - 109.4 = 470 
AVcc = (24 X 0.005) + 20mA (250O + lOOO) + 
0.6V = 7720mV 
ei = 5.109V 
62 = (2mA X 2.5kO) + (1mA X 156.40) 

= 5.156V 
(ci + e2)/2 - 5V = 0.1325V 

ao — 6juA 

oi = 30mV + (150nA X 470 + 20nA X 109O) 
7720mV 0.1325V 



3.16 X 10' 31.6 X 10^ 
= 30mV + 9.23mV + 24mV -h 4.19juV 
= 67.42mV 



as == 0.0001 

eiN = 62 — V4 = Irefi Rti5o°c ~ Iref2 R4 = 

(1mA X 156.40) - (1mA X 109O) = 47mV 

lo error = ao + K ai + K as em = 6/liA + (1 1) 

(0.34U X 67.42iuV) + (0.34U X 0.0001 
X 47000/uV) = 6mA + 22.92/iA + 1.60mA 
= 30.52mA 



% error = 



30.52/xA 



X 100% 



16mA 
0.19% of span at upper range value. 



CONCLUSIONS 

Lower Range: From equation (10) it is observed that the 
predominant error term is the input offset voltage (30/xV 
for the B grade). This is of little consequence in many 
applications. Vos rti can, however, be nulled using the 
pot shown in Figures 5 and 6. The result is an error of 
0.06% of span instead of 0.13% if span. 

Upper Range: From equation (11), the predominant 
errors are los rto (6mA), Vos rti (30/xV), and Ib (150nA), 
max, B grade. Both los and Vos can be trimmed to zero; 
however, the result is an error of 0.09% of span instead 
of 0.19% of span. 

RECOMMENDED HANDLING PROCEDURES 
FOR INTEGRATED CIRCUITS 

All semiconductor devices are vulnerable, in varying 
degrees, to damage from the discharge of electrostatic 
energy. Such damage can cause performance degrada- 
tion or failure, either immediate or latent. As a general 
practice, we recommend the following handling proce- 
dures to reduce the risk of electrostatic damage. 

1. Remove the static-generating materials, such as 
untreated plastic, from all areas that handle microcir- 
cuits. 

2. Ground all operators, equipment, and work stations. 

3. Transport and ship microcircuits, or products incor- 
porating microcircuits, in static-free, shielded con- 
tainers. 

4. Connect together all leads of each device by means of 
a conductive material, when the device is not con- 
nected into a circuit. 

5. Control relative humidity to as high a value as practi- 
cal (50% recommended). 
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PRECISION VOLTAGE-TO-CURRENT 
CONVERTER/TRANSMITTER 



FEATURES 

• 4mA TO 20mA TRANSMITTER 

• SELECTABLE INPUT/OUTPUT RANGES: 

OV to +5\/. OV to +10V Inputs 
0mA to 20mA, 5mA to 25mA Outputs 
Other Ranges 

• 0.005% MAX NONLINEARITY. 14 BIT 

• PRECISION +10V REFERENCE OUTPUT 

• SINGLE SUPPLY OPERATION 

• CURRENT SOURCING TO COMMON 

• WIDE SUPPLY RANGE. 13.5V TO 40V 

DESCRIPTION 

The XTRUO is a monolithic precision voltage-to- 
current converter. It can convert standard OV to 
+10V or OV to +5V inputs into 4mA to 20mA, or 
5mA to 25mA outputs. The required external MOS 
transistor keeps heat outside the XTRllO package to 
optimize performance under all output conditions. 
A precision -hlOV reference output can drive 10mA. 



APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL 

• PRESSURE/TEMPERATURE TRANSMITTERS 

• CURRENT-MODE BRIDGE EXCITATION 

• GROUNDED TRANSDUCER CIRCUITS 

• CURRENT SOURCE REFERENCE FOR DATA 
ACQUISITION 

• PROGRAMMABLE CURRENT SOURCE FOR TEST 
EQUIPMENT 

• AUTOMATED MANUFACTURING 

• POWER PLANT/ENERGY SYSTEM MONITORING 



An external transistor can be added for more cur- 
rent, e.g. 33mA for 3000 bridges. 

The XTRllO is a key data acquisition component, 
designed for high noise immunity current-mode 
transmission. It is also ideal as a precision pro- 
grammable current source for transducer circuits 
and test equipment. 
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8) SPAN ADJUST 
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SPECrFICATIONS 



ELECTRICAL 

At Ta = +25°C and Vca= +24V and Rl = 2500'^ unless otherwise specified 



PARAMETER 


CONDITIONS 


XTR110AG/KP/KU 


XTR110BG 


UNITS 


MIN 


TYP 


MAX 


MIN 1 TYP< 


MAk 


TRANSMITTER | 


Transfer Function 






lo = 10[(V 


REfIN/16) + (V,Nl/4) + {V,N2/2)]/RsPAN 






Input Range: V,ni"" 


Specified performance 







+10 






* 


V 


V,N2 


Specified performance 







+5 








V 


Current, lo 


Specified performance"' 
Derated performance*^' 


4 





20 
40 






. 


mA 
mA 


Nonlinearity 


16mA/20mAspan'^' 




01 


025 




002 


005 


% of span 


Offset Current, los 


lo = 4mA"' 
















Initial 


(1) 




02 


04 




02 


01 


% of span 


vs Temp 


(1) 




„ 0003 


005 




* . 


003 


% of span/°C 


vs Supply, Vcc 


(1) 




0005 


0.005 








% of span/V 


Span Error 


lo = 20mA 
















Initial 


(1. 




3 


06 




05 


02 


% of span 


vs Temp 


(1) 




0025 


005 




0009 


003 


% of span/°C 


vs Supply, Vcc 


(1) 




003 


005 








% of span/V 


Output Resistance 


From dram of FET (Qext)'^ 




10 X 10'^' 






* 




fi 


Input Resistance 


V,N1 
VlN2 

Vref in 




27 
22 
19 










kO 
kO 
kQ 


Dynamic Response 


















Settling Time 


Too 1% of span 
To 01% of span 




15 
20 






. 




/usee 
//sec 


Slew Rate 






13 










mA///sec 


VOLTAGE REFERENCE | 


Output Voltage 




+9 95 


+10 


+10 05 


+9 98 




+10.02 


V 


vs Temp 






35 


50 




15 


30 


ppmrc 


vs Supply, Vcc 


Line regulation 




0002 


005 








%/V' 


vs Output Current 


Load regulation 




0005 


01 








%/mA 


vsTime 






100 






* 




ppm/lk hrs 


Trim Range 




-0.100 




+0 25 








V 


Output Current 


Specified performance 


10 






* 






mA 


POWER SUPPLY 1 


Input Voltage, Vcc 




+13 5 




+40 






• 


V 


Quiescent Current 


Excluding lo 




3 


45 








mA 


TEMPERATURE RANGE | 


Specification AG, BG 




-40 




+85 


* 






°C 


KP, KU 









+70 








°C 


Operating AG BG 




-55 




+125 








°C 


KP, KU 




-25 




+85 








"C 



* Specification same as AG/KP grades + Specifications apply to the range of Rl shown in Typical Performance Curves 

NOTES: (1) Including internal reference (2) Span Is the change in output current resulting from a full-scale change in input voltage. (3) Within 
compliance range limited by (+Vcc - 2V) +Vds required for linear operation of the FET. (4) For Vref adjustment circuit see Figure 4. (5) For extended 
Iref drive circuit see Figure 8. (5) Unit may be damaged. See "Input Voltage Range" on next page 



PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 



TOP VIEW 1 


SOURCE RESISTOR Q 


\J 


ro+vcc 


COMMON ^ 




Qy Vref FORCE 


Vref IN ]^ 




nS GATE DRIVE 


V,Mi(10V)g 




^SOURCE SENSE 


V,N2 (5V) (T 




^ Vref SENSE 


ZERO ADJUST^ 




^ Vref ADJUST 


ZERO ADJUST^ 




n^4inASPAN 


SPAN ADJUST ^ 




^16mA SPAN 


1 



Power Supply, +Vcc 40V 

Input Voltage, V,n i, V,n 2, Vref in +Vcc 

Storage Temperature Range A, B -55° C to +125°C 

K, U -40''Cto+85°C 

Lead Temperature 

(soldering, 10s) G, P 300''C 

(wave soldering, 3s) U 260°C 

Output Short-Circuit Duration, Gate Drive 

and Vref Force Continuous to common and +Vcc 

Output Current Using Internal 500 Resistor 40mA 
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MECHANICAL 



G Package - 
16-pin Hermetic 
Ceramic DIP 



V, t^ .-. .- . '^u-. 



JU 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


790 


810 


20 07 


20 57 


C 


105 


170 


2 67 


4 32 


D 


015 


021 


38 


53 


F 


048 


060 


1 22 


1 52 


G 


100 BASIC 


2 54 BASIC 1 




030 


070 


76 


1 78 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


6 10 


L 


300 BASIC J 


7 62 BASIC 1 


M 




10° 




10° 


N 


025 


060 


64 


1 52 




NOTE Leads in true position within 010" 
( 25nnm) R at MMC at seating plane 
Pin numbers shown for reference only 
Numbers may not be marked on package 



P Package - 1«-pln Plastic DIP 






p- A , 

^^ Denotes Pin 1 


DIM 


INCHES J 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


760 


885 


19 30 


22 48 


B 


220 


280 


5 59 


711 


C 


012 


200 


012 


5 08 


D 


015 


023 


38 


58 


F 


030 


070 


76 


178 


G 


100 BASIC 


2 54 BASIC 1 1 


H 


030 


095 


76 


2 41 


J 


008 


015 


20 


38 


K 


100 


— 


2 54 


— 


L 


300 BASIC 


7 62 BASIC 


M 


- 


15° 


- 1 15° 


11— j 


N 020 


050 


51 ) 127 


M 


ir 






M^ v-i- 


L 'L 


"3 


1 


Ittbfl. 


-lUPt 


iJ-i 


V 


'111 n n^ 

I J^D 

H^ t-^G 

NOTE 

Leads in true position within 01' 

(0 25mm) R at MMC at seating plane 


■—Seating Plane 



ORDERING INFORMATION 



U Paclcage - 16-pin SOIC 

- A 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


400 


416 


10 16 


10 57 


Ai 


388 


412 


9 86 


10 46 


B 


286 


302 


7 26 


7 67 


Bi 


268 


286 


6 81 


7 26 


C 


093 


109 


2 36 


2 77 


D 


015 


020 


38 


51 


G 


050 BASIC 


1 27 BASIC 1 


H 


022 


038 


56 


97 


J 


008 


012 


20 


30 


L 


391 


421 


9 93 


10 69 


M 


5°TYP 


5°TYP 


N 


000 1 012 


00 1 30 



Pin 1 Identifier 



NOTE Leads in true position 

within 010" ( 25mm) R at MMC at 

seating plane 

Pin numbers shown for reference 

only Numbers are not marked on 

package 




'k^ 



^' 



BURN-IN SCREENING 

Burn-in screening is an option available for both plastic- 
and ceramic-packaged XTRllOs. Burn-in duration is 
160 hours at the temperature shown below (or equivalent 
combination of time and temperature). 

Plastic "-BI" models: +85° C 
Ceramic "-BI" models: +125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 



■Model 


Package 


Temperature 
Range 


XTR110AG 
XTR110BG 
XTR110KP 
XTR110KU 


Ceramic DIP 
Ceramic DIP 
Plastic DIP 
Plastic SOIC 


-40°Cto+85°C 

-40°Cto+85°C 

0°Cto+70°C 

0°Cto+70°C 


BURN-IN SCREENING OPTION 

See text for details 


Model 


Paclcage 


Burn-In Temp. 
(160h)'^' 


XTR110AG-BI 
XTR110BG-BI 
XTR110KP-BI 
XTR110KU-BI 


Ceramic DIP 
Ceramic DIP 
Plastic DIP 
Plastic SOIC 


+125°C 
+125°C 
+85° C 
+85° C 



NOTE (1) Or equivalent combination See text 



INPUT VOLTAGE RANGE 

The XTRllO can be damaged if the inputs are taken 
below pin 2 (COMMON). Under carefully controlled 
conditions, the input can be allowed to go below system 
ground. To determine the allowable range for the input, 
use the following equation: 

(Vref in/ 16) + (ViNi/4) + (ViN2/2) = 

For example, assume that the standard configuration of 
Figure 1 is being used. In this case, VrefIN = lOV and 
ViN2 =0V. The equation now becomes: 

(10/16) + (ViNi/4) + (0/2) = 
Rearranging gives: 

ViNi = -2.5V 
which is the maximum negative voltage that the input 
can be taken to. Note, however, that this applies only as 
long as there is lOV at VrefIN. If, for example, the 
supply for the XTRllO is interrupted, the lOV will no 
longer be generated and any negative input at Vini could 
damage the unit. 
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TYPrCAL PERFORMANCE CURVES 

Ta = +25°C, Vcc = 24VDC, Rl = 2500 unless otherwise noted. 



Vr6f line regulation vs frequency 
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JUNCTION TEMPERATURE RISE 
vs Vref output current 
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Ice VS TEMPERATURE (see Figure 1) 
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THEORY OF OPERATION 

The XTRUO is designed to convert a high level input 
voltage into a positive output current. 

A block diagram of the XTRllO is shown in Figure 1. 
The circuit contains four main functional blocks: (I) a 
precision resistor divider network (R1-R5), (2) a voltage- 
to-current converter (Ai, Qi, R6, R7), (3) a current-to- 
current converter (A2, Rx, R9, Qlxi), and (4) a precision 
+ 10V reference. 

The precision divider network sums three input voltages 
to the noninverting input of Ai. These are Vini (lOV full 
scale), ViN2 (5V full scale), and Vria IN (for offsetting). 

In the voltage-to-current converter, the op amp, Ai, for- 
ces its input voltage across the span setting resistors, R6 
and R7. Since Qi is a high gain Darlington, base current 
error is negligible and all current flows to the current-to- 
current converter (into Rg). The transfer function includ- 
ing input divider is as follows: 

Ir8 = [(Vref in/ 16) + (V,N,/4) + (V,n:/2)]/Rspan 
where Rspan is the resistance from Qi emitter to com- 
mon. 

The current-to-current converter is the output section of 
the XTRllO transmitter. The voltage across the SOOH 
resistor (Rg) is forced across the 500 resistor (R9) by A2 



and the external MOSFET (Qext). Since no current 
flows in the gate of the MOSFET, all current is delivered 
to the output. This current (Iout) is ten times the internal 
current through Rg. Use of the external transistor keeps 
power out of the precision IC to maintain accuracy. 
The overall transfer function for the XTRllO transmitter 
is: 

lo = 10[(Vru in/ 16) + (V,m/4) + (V,N2/2)]/RsPAN. 
For output currents beyond 40mA an external resistor 
can be used in place of R9. 

The +10V reference provides input offsetting, e.g. 4mA 
offset for the 4ma to 20mA output configuration. The 
reference can deliver 10mA and is protected from shorts 
to common. Higher current can be provided for other 
applications by using an external NPN transistor con- 
nected to the sense and force pins. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

BASIC CONNECTION 

The basic connection of the XTRllO is the standard OV 
to +10V input; 4mA to 20mA output configuration is 
shown in Figure 1. 



SOURCE RESISTOR 




^ 



1//F TANTALUM 



1562.50 



~3l 



SATE DRIVE S 



124V) 



IZERO ADJUST 



^ SPAN ADJUST 
[jo)4inASPAN''' 



Rl 
.2500 



JOmASPAN 



I 4niAto20mA 

Vl 



NOTES: (1) To maintain accuracy, make a separate direct connection between pins 1 and 13. (2) Qext is any Pchannel enhancement-mode power MOSFET with appropriate 
voltage and power rating. PNP bipolar transistors can be used with slight degradation in end-point accuracy and linearity. For recommended devices see section on external 
transistor. (3) For 20mA span, strap 4mA and 16mA pins together to common. 



FIGURE 1. Block Diagram of the XTRllO in Basic Connection: OV to +10V in, 4mA to 20mA out. 
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+Vc( may originate at the XTRllO site or may be 
brought in as part of a three-wire twisted line. Be sure to 
use sufficient bypassing close to the XTRllO on the +Vtc 
line. 

EXTERNAL TRANSISTOR 

Connections to the MOSFET are gate drive (pin 14) and 
source resistor (pin 1). To eliminate errors due to resist- 
ance in the connection between pin 1 and the source of 
the external transistor, connect pin 13 directly to pin 1 as 
shown in Figure 1. 

The output of A2, pin 14, is intended to drive a MOSFET 
or PNP external pass transistor, and for that reason, is 
atypical of op amp outputs. The output stage can be 
visualized as a 300)uA current source in parallel with an 
NPN collector. The NPN is the active element that, 
through feedback, determines where the gate drive should 
be set. It is capable of sinking over 15mA. 

External MOSFET 

The XTR 1 10 can operate with a variety of output transis- 
tors having appropriate breakdown voltage and power 
rating which is influenced by package type. Some general 
observations on package thermal characteristics are listed 
in Table I. 

TABLE I. External Transistor Package Type and 
Dissipation. 



MOSFETS will tolerate only 20V, but a zener (12V or 
more) connected gate-to-source will clamp the junc- 
tion and remain off during normal operation. 

TABLE IL Available P-Channel MOSFETs. 



Package Type 


Allowable Power Dissipation 


TO-92 

TO-237 

TO-39 

TO-220 

TO-3 


Lowest Use minimum supply and at +25°C 
Acceptable Trade-off supply and temperature 
Good Adequate for majority of designs 
Excellent For prolonged maximum stress 
Overkill If nothing else is available 



Maximum power dissipation of the external transistor 
can be derived from the derating curve. It can also be 
calculated from the thermal characteristics using the 
equation below: 

Pa= P,)-(Ta-25)/0ja 
Pa = Power to be dissipated at Ta 
Ta = Maximum ambient temperature 
Pi) = Maximum continuous power dissipation at 

+25°C(I,>V,>s) 
0JA = Junction to ambient thermal resistance 

(Refer to the manufacturer's data sheet for required 
numbers.) 

Table II shows suitable MOSFET output transistors. 
Summary of points to consider for selecting the transis- 
tor are: 

1. Power rating — Equal to 1.5 X Pa if possible, or at 
least equal to Pa. 

2. Drain-source breakdown — Greater than maximum 
expected Vds. This includes any additional voltage 
that may exist between the transmitter and receiver 
grounds. 

3. Gate-source breakdown Greater than + Vc c , because 
Vcc will be applied gate-to-source, under the condi- 
tion of an open drain line (Vgate then = OV). Most 



Manuraciurer 


Part No. 


BVdss* 


BVos* 


Package 


Ferranti 


ZVP1304A 


-40V 


20V 


TO-92 




ZVP1304B 


-40V 


20V 


TO-39 




ZVP1306A 


-60V 


20V 


TO-92 




ZVP1306B 


-60V 


20V 


TO-39 


International 










Rectifier 


IRF9513 


-60V 


20V 


TO-220 


Motorola 


MTP8P08 


-80V 


20V 


TO-220 


RCA 


RFL1P08 


-80V 


20V 


TO-39 




RFT2P08 


-80V 


20V 


TO-220 


Siliconix 


VP0300B 


-30V 


40V 


TO-39 


(preferred) 


VP0300L 


-30V 


40V 


TO-92 




VP0300M 


-30V 


40V 


TO-237 




VP0808B 


-80V 


40V 


TO-39 




VP0808L 


-80V 


40V 


TO-92 




VP0808M 


-80V 


40V 


TO-237 


Supertex 


VP1304N2 


-40V 


20V 


TO-220 




VP1304N3 


-40V 


20V 


TO-92 




VP1306N2 


-60V 


20V 


TO-220 




VP1306N3 


-60V 


20V 


TO-92 



*BVdss— Drain-source breakdown voltage. BVgs— Gate-source break- 
down voltage. 

External PNP Transistor 

A PNP bipolar transistor can also be used for the output 
but it will result in a slight drop in end-point accuracy 
and linearity. A TN2905 in a TO-237 package performs 
adequately. The end point shifts can be calculated if the 
beta of the PNP is known. The offset shift is los/beta 
and the span shift is IspAN/beta. For example, if the 
transistor's beta is 250 and the output range is 4mA to 
20mA, the calculations are as follows: 

dios = 4mA/250 = I6/xA (0.1% of span) 
dIsPAN = 16mA/250 = 64/iA (0.4% of span) 
The offset error can be corrected by using the offset 
correction circuitry of Figure 5. The span error due to 
base current loss can be compensated by connecting an 
external resistor, Rpad, in parallel with the internal 
resistor as shown in Figure 2. Rpad can be calculated 
with the following formula: 

Rpad = 50 (beta + 1) 
Any span error due to the XTRllO itself can be corrected 
with the span adjust circuitry of Figure 5. Use a nominal 
beta to calculate the value of Rpad if individual transistor 
measurements are not made. There should be enough 
range in the span adjust circuit to compensate for 
normal tolerances. 

Small nonlinearity degradation (0.01% typical at 24Vcc) 
results from changes in beta caused by changes in power 
as collector current varies from 4mA to 20mA. A heat 
sink can be added to minimize the heat dissipation effect. 
A Darlington configuration (two separate PNPs) can 
also be used with no degradation in end-point accuracy 
and linearity. A 0.047/LiF capacitor across pins 13 and 14 
is required for stability as shown in Figure 3. Single- 
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packaged Darlingtons with internal bleeder resistors are 
not recommended since they will severly degrade 
accuracy. 

To select a bipolar transistor, follow the same points as 
for MOSFETs. Note, however, the base-emitter break- 
down is not considered because this junction is forward 
biased should the collector open. 




FIGURE 2. PNP Output Transistor (R,.m) corrects for 
span error caused by beta). 




FIGURE 3. Darlington Output Composed of Two PNP 
Transistors. 



COMMONS 

Careful attention should be directed toward proper con- 
nection of the commons. All commons should be joined 
at one point as close to pin 2 of the XTRllO as possible. 
The exception is the loi i return, it can be returned to 
any place where it will not modulate the common at pin 
2. 

VOLTAGE REFERENCE 

The reference voltage is accurately regulated at pin 12 
(Vrm sense). To preserve accuracy, any load including 
pin 3 should be connected to this point. 
The circuit in Figure 4 shows coarse and fine adjustment 
of the voltage reference. 



*Rs GIVES HIGHER RESOLUTION WITH REDUCED 
RANGE. SET Rs = OO FOR LARGER RANGE. 



0+Vc( 




COMMON 



FKiURE 4. Optional Adjustment of Reference Voltage. 

OFFSET (ZERO) ADJUSTMENT 

The offset current can be adjusted by using the potenti- 
ometer, Ri, shown in Figure 5. The procedure is to set 
the input voltage to zero and then adjust Ri to give 4mA 
at the output. For spans starting at 0mA, the following 
special procedure is recommended: set the input to a 
small non/ero value and then adjust Ri to the proper 
output current. When the input is zero the output will be 
zero. Figures 6 and 7 show graphically how offset is 
adjusted. 

SPAN ADJUSTMENT 

The span is adjusted at the full-scale output current 
using the potentiometer, R:, shown in Figure 5. This 
adjustment is interactive with the offset adjustment, and 
a lew iterations may be necessary. For the circuit shown, 
set the input voltage to +IOV full scale and then adjust 
R: lo give 20mA full-scale output. Figures 6 and 7 show 
graphically how span is adjusted. 

The values of R:, Ru and R4 for adjusting the span are 
determined as follows: choose R4 in series to slightly 
decrease the span; then choose R: and R? to increase the 
span to be adjustable about the center value. 



1/iF tantalum: 




FIGURE 5. Offset and Span Adjustment Circuit for 
OV to +IOV Input, 4mA to 20mA Output. 
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FIGU.RE 6. Zero and Span of OV to +10V Input, 4mA to 
20mA Output Configuration (see Figure 5). 




Input Voltage, Vin 1 (V) 



FIGURE 7. Zero and Span of OV to -+10V,n, 0mA to 

20mA Output Configuration (see Figure 5). 

ERROR CALCULATIONS 

Errors can be calculated by considering these key 
parameters: 

1. Offset Current (Initial, vs Temperature, vs Supply) 

2. Span Error (Initial, vs Temperature, vs Supply) 

3. Nonlinearity 

Lower errors can readily be obtained by externally 
adjusting the mitial offset and span errors to zero (see 
Performance Curves). 



EXTENDED REFERENCE CURRENT DRIVE 

The current drive capability of the XTRIlO's internal 
reference is lOmA. This can be extended if desired by 
adding an external NPN transistor shown in Figure 8. 



g- 



FORCE 15 



+10Vre 
Q 




FOR 100mA WITH Vcc UP TO 
40V USE 2N30S5 FOR Qref 



^ 



FIGURE 8. Extended Reference Current Drive. 

LOW TEMPERATURE COEFFICIENT (TC) 
OPERATION 

Although the precision resistors in the XTRllO track 
within Ippm °C, the output current depends upon the 
absolute temperature coefficient of any one of the resis- 
tors, Rf,, R7, Rx, and R^. Since the absolute TC of the 
resistors is 20ppm/°C, maximum, the TC of the output 
current can have 20ppm °C drift. For low TC operation, 
zero TC resistors can be substituted for either the span 
resistors (Rf, or R-) or for the source resistor (Ry) but not 
both. 

EXTENDED SPAN 

For spans beyond 40mA, the internal 5011 resistor (R>i) 
may be replaced by an external resistor connected 
between pins 13 and 16. 

Its value can be calculated as follows: 

Ri\i = Ry (Span()i.D/Span\i w) 
Since the internal thin-film resistors have a 20^^ absolute 
value tolerance, measure R) before determining the final 
value of Ri \i. Self-heating of Ri \i can cause nonlinear- 
ity. Therefore, choose one with a low TC and adequate 
power rating. See Figure 14 for application. 

STANDARD CURRENT RANGES OR SPANS 

Table III shows the pin connections for standard XTRllO 
current ranges. 



TABLE III. Pin Connections for Standard Ranges. 



Input Range (V) 


Output Range (mA) 


Pin 3 


Pin 4 


Pin 5 


Pin 9 


Pin 10 


0-10 


0-20 


Com 


Input 


Com 


Com , ' 


Com 


2-10 


4-20 


Com 


Input 


Com 


Com 


Com 


0- 10 


4-20 


+10V Ref 


Input 


Com 


Com 


Open 


0-10 


5-25 


+10V Ref 


Input 


Com 


Com 


Com 


0-5 


0-20 


Com 


Com 


Input 


Com 


Com 


1 -5 


4-20 


Com 


Com 


Input 


Com 


Com 


0-5 


4-20 


+10V Ref 


Com 


Input 


Com 


Open 


0-5 


5-25 


+10V Ref 


Com 


Input 


Com 


Com 
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TYPICAL APPLICATIONS 

The XTRIIO is ideal for a variety of applications requir- 
ing high noise immunity current-mode signal transmis- 
sion. The precision +10V reference is convenient and can 
be exciting for bridges and transducers. Selectable ranges 
make it very useful as a precision programmable current 



source. The compact design and low price of the XTRllO 
allow versatility with a minimum of external compo- 
nents and design engineering expense. 

Figures 9 through 16 show typical applications of the 
XTRllO. 



Q +40V 



THERMOMETRICS 
THERMISTOR 
B43KB753F 




'THE XTRnO IS CAPABLE OF DRIVING LARGE 
CAPACITIVE LOADS OFTEN USED IN LOW CUTOFF 
FREQUENCY FILTERS 
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FIGURE 9. 4mA to 20mA Single-Supply Thermistor Transmitter for Energy Management Systems. 
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FIGURE 10. 4mA to 20mA Single-Supply Bridge Transmitter. 
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FIGURE 11. Isolated 4mA to 20mA Channel 
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Q+24V 




* THE XTR110 WILL OPERATE 
WITH GROUND TRANSDUCERS 



FIGURE 12. 0mA to 20mA Single-Supply Thermocouple Transmitter. 
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Ri. R2. Low TC Resistors to dissipate 0.32W continuous power. 

For other current ranges, scale both resistors proportionately 
Ra. Rio. R11: 10-turn trimpots for greatest sensitivity 
Re, R?- Low TC resistors. 
Ai - A4: 1/4 LM324 (powered by ±15V) 
Ti. International Rectifier IRg513* 
T2: International Rectifier IR513* ^ 
T3: International Rectifier IRFFO1 13* 

* Or other adequate power rating MOS transistor 



FIGURE 13. ±200mA Current Pump. 
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SEE EXTENDED SUH SECTION 



QC 



FIGURE 14. OA to lOA High Current Voltage-to- 
Current Converter. 
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FIGURE 15. High Level Input 4ma to 20mA Two-Wire Transmitter. 
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Channels may be linearly mixed witliout individual identification 
or set to separate frequencies and independently filtered at the load. 



lu = li + 12 



FIGURE 16. Multidrop Analog Communication Link (Linear Mixer) with High Noise Immunity. 
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BURR -BROWN® 




3606 



Digitally Controlled 

Programmable Gain 

INSTRUMENTATION AMPLIFIER 



FEATURES 

• 11 BINARY GAINS -1.2. 4. 8. 16.32. 

64. 128.256,512, 1024V/V 

• 4-BIT TTL GAIN CONTROL 

• EXCELLENT GAIN NONLINEARITY 

0.01%maxatG = 1024V/V 

• LOW GAIN ERRORS - 0.02% max 

• LOW GAIN DRIFT -10ppm/*>C max 



• LOW VOLTAGE DRIFT 

lMV/°CmaxRTI.G = 1024V/V 

• HIGHCMR-110dBmin.G = 1024\//V 

• HIGH INPUT IMPEDANCE- 10 xlO'n 

• LOW OFFSET VOLTAGE 

22m V max RTI, G = 1024V/V 
2mVmaxRTLG = 1V/V 




International Airport Industrial Park - P.O. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable- BBRCORP - Telex. 66-6491 
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DESCRIPTION 



rhe 3606 is a self-contained. Programmable Gain 
Instrumentation Amplifier (PGIA) whose gain can be 
changed in 1 1 binary weighted steps from 1 to 1024V/ V. 

The gain control is accomplished through a 4-bit TTL 
input. 

The PGIA function allows the user to deal with wide 
dynamic range signals while maintaining high system 
resolution. For example: when used with a 10-bit A to D 
converter m a "floating point" system, the 2'*' gain range 
of the 3606, plus the 2'" range of the converter produces a 
total system resolution of 2'" (|i 1,000,000:1). 
Desirable characteristics of a high performance instru- 
mentation amplifier are offered by the 3606: high input 
impedance (lOGfl), excellent gain nonlinearity (O.OI9f 
max, G = 1024V/ V; 0.029r max, G = IV/V), high 
common-mode rejection (lOOdB min, G^ 4V/V), low 
gain error (0.029f max with no trimming required), low 
gain temperature coefficient (10ppm/"C max), and low 
offset voltage drift vs temperature ( Iju V/ "C max, RTl, G 
= 1024). 

Added to these outstanding instrumentation amplifier 
characteristics is the ability to change 3606's gain under 
control of a 4-bit TTL input word. An important 
characteristic of the 3606 PGIA is its low change in offset 



plus laser trimming minimized this change to a maximum 
of ±25m V with no external adjustments. With two simple 
offset adjustments the change can be limited to less than 
2mV (ImV typ) at the output over the entire IV/V to 
1024V/V gain range. 

A simplified schematic of the 3606 is shown in Figure 1. 
The circuit consists of a variable gain high input imped- 
ance voltage follower input stage (Al and A2) followed 
by a unity gain difference amplifier (A3) with a variable 
gain output stage (A4). 

Common-mode voltage is derived for active guard drive 
to improve system common-mode rejection. Two-pole, 
low-pass filtering can easily be implemented on the 
output stage to reduce noise bandwidth and improve 
system signal-to-noise operation. A latch function is 
provided to inhibit gain changes while the digital gain 
control input is changed. 

Burr-Brown's instrumentation grade monolithic opera- 
tional amplifiers, high stability precision thin-film resistor 
networks and advanced laser-trimming techniques are 
used by the 3606 to achieve a performance, size and cost 
combination never before achieved in a PGIA. It is 
available in a 32-pin dual-in-line ceramic package. 
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FIGURE 1. Simplified Schematic. 
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SPECIFICATIONS 

ELECTRICAL 

Typical at +25®C, unless otherwise noted. 



PARAMETER 


CONDITIONS 


3606A"' 


3606B"' 


UNITS 


MIN 


TYP 


MAX 


MIN 1 TYP 1 MAX 


GAIN. Q"" 1 


Inaccuracy 


G = 1 to 1024. lo = 1mA 




±0.02 


±0.05 




±0.01 


±0.02 


% 




G = 1 to 16 
G = 32 to 128 
G = 256 to 1024 




0.001 
0.003 
0.005 


0.002 
0.004 
0.01 




* 




%(5) 
% 
% 


Drift vs Temperature 


G = 1 to 1024 




±5 


±10 




* 


* 


ppm/^C 


vsTime 


G = 1 to 1024 




±0.01 










%/1000 hrs 


RATED OUTPUT | 


Voltage 


lo = ±5mA 


±10 


±12 










V 


Current 


Vo = ±10V 


±5 


±10 




* 


* 




mA 


Impedance 






0.05 










ft 


INPUT CHARACTERISTICS | 


Absolute Max Voltage 


No damage 






±Vcc 








V 


Common-Mode Voltage Range 


Linear operation 


±10 


±10.5 




* 


* 




V 


Differential Impedance 






10 113 










109ft II pF 


Common-Mode Impedance 






10113 






* 




109ft II pF 


OFFSET VOLTAGE. RTO<^' | 


Initial at +25»C"" 






±(0.02G 

+1) 


±(0.04G 

+2) 




±(0.01G 

+1) 


±(0.02G 

+2) 


mV 


vs Temperature 


-25«C to +850C 




( ±0.001 5G 
±0.03G2) 


(±0.003G 
±0.05G2) 




(±0.0005G 
±0.01 G2) 


{ ±0.001 G 
±0.02G2) 


mV/oC 


vs Time 






( ±0.001 G 
±0.01 G2) 






* 




mV/mo 


vs Supply 






(±0.002G 
±0.04G2) 






* 




mV/V 


vs Gain'" 


With trimming 




±1 


±2 




* 




mV 


INPUT BIAS CURRENT | 


Initial 


+25''C 




±15 


±50 




±5 


±20 


nA 


vs Temperature 


-25«C to +85°C 




±0.3 






* 




nA/oC 


vs Supply Voltage 






±0.1 










nA/V 


INPUT DIFFERENCE CURRENT | 


Initial 


+25* C 




±15 


±50 




±5 


±20 


nA 


vs Temperature 


-25»Cto+85»C 




±0.5 






* 




nA/oC 


vs Supply Voltage 






±0.1 






* 




nA/V 


INPUT NOISE 1 


Voltage 


RSOURCE ^ 5kft 
















0.01Hz to 10Hz 


G = 1024 




1.4 






* 




mV. p-p 


10Hz to 1kHz 






1.0 






* 




/uV, rms 


Current 


















0.01Hz to 10Hz 






70 






* 




nA. p-p 


10Hz to 1kHz 






20 






* 




nA. rms 


COMMON-MODE REJECTION | 


DC. Ikft Source Imbalance 


















G = 1,2 




80 


90 




90 


100 




dB 


G=4to6 




90 


100 




100 


110 




dS 


G =32 to 1024 




100 


114 




110 


114 




dB 


60Hz, Ikn Source Imbalance 


















G = 1.2 




80 


86 




* 


* 




dB 


G =4 to 16 




90 


96 




* 






dB 


G = 32 to 1024 




100 


106 






* 




dB 


DYNAMIC RESPONSE | 


±3dB Response 


Small Signal 














kHz 


G = 1 






100 










kHz 


G = 32 to 128 






40 










kHz 


G = 256 to 1024 






10 










kHz 


±1% Response 


Small Signal 
















G = 1 






40 










kHz 


G =32 to 128 






8 










kHz 


G = 256 to 1024 






3 










kHz 


Slew Rate 


G = 1 


0.2 


0.5 










y/fisec 


Settling Time 


G = 128 
















to1% 






75 










Msec 


to 0.1% 






100 










Msec 


to 0.01% 






200 










Msec 
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ELECTRICAL (CONT) 

Typical at -t-25°C, unless otherwise noted 



PARAMETER 


CONDITIONS 


3606A'^' 


3606B"' 


UNITS 


MIN 


TYP 


MAX 


MIN 1 TYP 1 MAX 


LOGIC VOLTAGES | 


"0" Lever' 
"1"Lever^' 
Absolute Max 


No damage 


+2 4 




+5 


+0 4 

+7 






, 


V 
V 
V 


ANALOG SUPPLY | 


Rated Voltage 

Voltage Range, Derated Performance 

Current, quiescent 




±8 


±15 
±10 


•+18 
+20 








VDC 
VDC 
mA 


DIGITAL SUPPLY | 


Rated Voltage 
Voltage Range 
Current quiescent 




f4 5 


+5 
10 


+5 5 








VDC 
VDC 
mA 


TEMPERATURE RANGE | 


Specification 
Storage 




-25 
-40 




f85 
+ 100 








■i 



"Specifications same as 3606A 

NOTES 

1 Specify 3606AG or 3606BG for ceramic package 

2 G = Gi X Gz 

3 Nonlmeanty is the maximum peak deviation from the best straight-lme as a percent of full scale 
peak-to-peak output 

4 RTO = Referred To Output. May be referred to input by dividing by gam G 



5 May be adjusted to zero 

6 Trimmed according to Figure 8 

7 All digital inputs are 1 TTL unit load 



CO 



CO 
111 



MECHANICAL 



'G" PACKAGE 



iS 



JZl 



H 



£1 



3rrL, 



( 25rTinnlR <"> MMC A 



..J 



DIM 


INCHES 


MILLIMETERS ] 


MIN 


MAX 


MIN 


MAX 


A 


1 700 


1 760 


43 18 


44 70 


B 


1 120 


1 160 


28 45 


29 46 


c 


170 


230 


4 32 


5 84 




018 


021 


46 


53 












G 


100 BASIC 


2 54 BASIC 


H 


110 1 130 


2 79 1 3 30 


K 


150 1 250 


3 81 1 6 35 


L 


900 BASIC 


22 86 BASIC 


N 


002 1 010 


05 1 25 


R 


110 1 130 


2 79 1 3 30 



o 

I 

z 

Ul 



QC 



PIN DESIGNATIONS 



PIN NO. OESIG. 



FUNCTION 



1 


-V 


-15V Analog Supply 


2 


-IN 


Inverting Input 


3 


Ji 


Output of A3 


4 


Nonei 


Optional A4 Offset Trim 


5 


i.J 


Summing Junction of A4 


6 


iNonei 


Optional A4 Offset Trim 


7 


F 


Low-Pass Filter Pm 


8 


J2 


Input to A4 


9 


Ri 


Output Reference 


10 


O 


Output 


11 


Si 


Sense G = 1 


12 


S2 


Sense G = 4 


13 


S3 


Sense G = 2 


14 


R2 


Output Reference 


15 


ANA GND 


Analog Ground 


16 


Nonei 


No Internal Connection 



17 


Do 


Digital Input, LSB 


18 


Di 


Digital Input, next LSB 


19 


G 


Latch 


20 


DIG GND 


Digital Ground 


21 


D2 


Digital Input, next MSB 


22 


D3 


Digital Input, MSB 


23 


+5 


+5 Digital Supply 


24 


None:, 


No Internal Connection 


25 


iNonei 


No Internal Connection 


26 


Gam 


Optional External Gam 


27 


Gam 


Optional External Gam 


28 


(None. 


Input CMV 


29 


+IN 


Noninverting Input 


30 


+V 


+15V Analog Supply 


31 


BALI 


Optional Input Stage 


32 


BAL) 


Offset Null 
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TYPICAL PERFORMANCE CURVES 



Typical at +25°C unless otherwise noted 





- SMALL SIGNAL 
FREQUENCY RESPONSE 


60 


G = 1024 








G = 128 


\ 


V 




T3 
C 


G = 16 




^ 




CD 20 







^■^ 


G = 1 




\1% 


V 











COMMON-MODE REJECTION 
VS FREQUENCY 



COMMON-MODE REJECTION VS 
SOURCE RESISTNACE_IMBALANCE 



10 100 1k 10k 100k 1M 
Frequency Hzi 

OUTPUT OFFSET VOLTAGE 
DRIFT VS GAIN 



5. 10 
> 

E 





















y 




_^ 


3606A 


/- 


^ 


^ 


^ 




3606B 













cr 80 

2 



iG = 32to1024 








^s 


G = 16 


\ 


G=1 




\ 








\ 








\ 











10 100 Ik 

Frequency Hz 



OUTPUT OFFSET VOLTAGE GAIN 



16 64 256 1024 

Gam V/V 





















/ 










/ 






INI' 


■'^'n 


/ 


AFTE 


R USER TRIM 


y 


-- 



DC G = 32 to 1024 


^ 




ncrt-if^ V^ 


-^^ 60HzG-32 


60HzGi=16 ^^^ 


DOG 


^ 




*^-^ 




60Hz G = 1 






^'-^^ 











3 2 10 32 100 

Source Resistance Imbalance kfl ' 



WARM-UP RESPONSE 















\ 










V 


3 = 1024 V/V 




POWER \ 
TURN-ON 


\ 






l'-' 


1V/V* 







16 64 256 1024 

GainVA/^ 



5 10 

Time mm' 



lii 001 

c 

O 
005 



OUTPUT STAGE GAIN ERROR 
VS OUTPUT CURRENT 

















^ 


^ 


^ 


^ 


>< 





OUTPUT STAGE GAIN NONLINEARITY 
VS OUTPUT CURRENT 



25 5 75 

Output Current i mAi 

















--t/ 

X 




^ 


^ 


^ 

^'1. 


^ 


— ■ 





SETTLING TIME VS GAIN 
T 



25 5 75 

Output Current i mAi 




16 64 256 1024 

Gam 'V/V 



10 
- 8 


WIDEBAND 
OUTPUT NOISE VS GAIN 










/ 


E 

> 

E 6 










/ 


^ 1 








= 100kf 


.// 


1 
O 2 










V 


_^ 


^ 


^^^ RS = C 


f 

) 



OUTPUT NOISE BANDWIDTH 



STEP RESPONSE 



> 20 

E 



Q 10 



G = 1024 




/ 




^ 


rRs = IMll 


^ 


/ Rs 

Rs = 
Rs=Oi 


= lOOkli 
lOkll \^ 



RL = 2kn 
CL = 1000pF 




= 25( 


), 1000 


"i 


^G2 = 1 


\ 




J 




1 


L 








\Lr 



16 64 

Gam (V/V I 



100 Ik 

Bandwidth Hz) 



20 60 100 

Time I /usee 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

Figure 2 shows the proper analog and digital power 
suppl> connections. I he analog supplies should be 
decoupled with l/uF tantalum and lOOOpF ceramic 
capacitors as close to the amplifier as possible. Because 
the amplifier is direct-coupled it must have a ground 
return path lor the bias currents associated with the 
amplifier inputs at pins 2 and 29. It the ground return 
path is not inherent in the signal source (floating source) 
it must be provided externally. 1 he ground return 
resistance (R(,r) should be kept as low as practical. An 
upper limit of approximately 5()Mfl is established by the 
input bias currents of the amplifier and its common- 
mode voltage. 




FKilJRE 2. Power Supply and Ground Connections. 

SIGNAL CONNECTIONS 

Basic signal connections are shown in Figure 3. The 
connection to pin 14 completes the difference amplifier of 
A^ (see Figure I ). The 3 to 8 jumper connects the output 
stage. The pin 9 connection provides a divide-by-two 
attenuator for the A4 stage. This is necessary to limit the 
signal on the output stage switches to maintain signal 
linearity. The pin 11,12 and 13 connections to pin 10 
close the feedback loop around A4. 




FIGURE 3. Basic Signal Connections. 

In the equation shown in Figure 3, Gi is the input stage 
gain and G: is the output stage gain. CMRR is the 



common-mode rejection ratio [CMR (in dB) = 20 log 
CMRR(inV/V)]. Common-mode voltage shown as Ec \i 
is actually the average of the two voltages appearing at 
the two inputs (pins 29 and 2) with respect to pin 15 (Vi 
and V:). 

GAIN SETTING 

Gain is determined by a 4-bit digital word applied to the 
input Do through D^ (see Figure I). Pin 19 provides a 
latch function for the inputs. When pin 19 is a logic 0, 
changes on the Do through D^ inputs are inhibited. Pin 19 
should beat +5V if the latch is not used. 
A gain state truth table is shown in Table I. Gains are 
determined by the resistor networks shown in higure I. 
For the state D^, D: = 0, 0, the input stage gam is a 
I unction ofthe gain setting resistor R(, connected between 
pins 26 and 27. If gains of I, 2 and 4 are desired, no 
connection should be made to pins 26 and 27 and the 
resistance across these pins should be kept high with 
respect to 40k(l (> 400Mn). 

Gain accuracy is established by laser-trimming the thim- 
film resistor networks during assembly. No external, user 
trimming is required. 

OUTPUT OFFSET 

Output offset may be varied by either of two methods 
shown in Figure 4. Sources at pin 9 and pin 14 apply 
voltages to the noninverting inputs of A4 and A^ respect- 
ively (see Figure I). Since the output stage gain occurs 
after these points, the output voltage bias established 
with Vri and Vk: will vary with the output gaiir, (i: 
Sources connected at pins 9 and 14 must have resistances 
low with respect to lOkll in order not to disturb gam 
accuracy and common-mode rejection. 




FIGURE 4. Output Offsetting. 

LOW-PASS FILTER 

For low frequency signals, system performance may be 
improved by reducing noise bandwidth in the amplifier. 
This may be accomplished with the addition of one or 
two external capacitors as shown in Figure 5. C: is 
connected to a lOk/ lOk attenuator and Ci is connected as 
a feedback element across A4 (see Figures 1 and 5). Ihe 
transfer function is: 



1 00 V 1 0" S (C: + 330 X I ()"'-') + 20 X 1 



oO[' 



rTir] 



Burr-Brown IC Data Book 



3-155 



Vol. 33 



TABLE I. Gain State Truth Table. 








Digital Inputs 
(G.) (G:) 


G, 

(Ai and A:) 
(Pins 2 «fe 29 to 3) 


G: 

'A.) 
(Pin 8 to Pin 10) 


G, G: 

(R«.* = *) 


G, G: 

(Re* ^ ^) 


D3 D: 


D, D„ 










I 

1 


1 +40k,R<. 




1 

2 
4 
4 


1(1 +40k/R(,) 
2(1 +40k,R(.) 
4(1 +40k/R<,) 
4(1 +40k,R,.) 


1 
I 
1 
1 




1 


4 




4 
8 
16 
16 


4 
8 
16 
16 


1 
1 
1 
1 




1 


32 




32 
64 
128 
128 


32 
64 
128 
128 


1 1 
1 1 
1 1 
1 I 




I 

1 


256 




256 
512 
1024 
1024 


256 
512 
1024 
1024 



*Rg connected between pms 26 and 27 



I he lirst term is a first order filter. The second term is 
more complex. Ki varies with the output stage gain -1.4k 
tor (1: = 4 (see Figure 1). Ihe "1 + ..." nature of the 
transfer function prevents a true first order filter rolloff. 
For most applications, the first order low -pass filter 
obtained by C: provides sufficient filtering. The value C: 
required for a desired cutoff frequency (f: in H/) is 
obtained by the equation shown in Figure 5. 







|# 






A "'=' — 
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r-^^ 








r© 
© 
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1 J 


I 1 


'2- 


2llx5kn|C2 + 330pFl 




1 



FIGURE 5. Low-Pass Filter Connections. 

LARGER OUTPUT CURRENT 

The output current rating of the 3606 is a minimum of 
±5mA. Ihe linearity of the gain is affected by output 
current. See Typical Performance Curves. Optimum 
linearity is achieved with lo ^ 1mA, lo ^ 5mA is 
acceptable. Above 5mA it may be desirable to use a 
power or current booster as shown in Figure 6. Burr- 




553 OR 3329 ^l^ I^J'^ 

ucn onncTrD *^ ±200mA 



3553 OR 3329 -^ 
POWER BOOSTER 



Brown's 3329 will provide ±IOOmA output while Burr- 
Brown's 3553 will suppl> ±200mA. When either booster 
IS placed inside the feedback loop as show n, the booster's 
offset voltage produces no significant errors since it is 
divided by the open-loop gain of the output stage. 

GUARD DRIVE CONNECTIONS 

Use of the guard drive connection shown in Figure 7 can 
improve system common-mode rejection when the dis- 
tributed capacitance of the input lines is significant. Ihe 




FIGURE 6. Output Current Booster. 



FIGURE 7. (iuard Drive Connections. 



common-mode voltage which appears on the input lines 
and on pins 29 and 2 is computed by the 3606 [(Vi + 
V2) 2] and appears at pin 28. It is then fed back to the 
shield so that the voltage across the distributed capac- 
itances is minimized. This reduces the common-mode 
current and improves common-mode rejection. The 
operational amplifier in the voltage follower configu- 
ration is used to supply more current than can be 
obtained from the 20k resistors connected internally to 
pin 28 (see Figure I). 

OFFSET TRIM 

Offset voltages of the 3606 are reduced by laser-trimming 
during assembly. This reduces the initial offset voltage 
and the offset voltage change with gain change to levels 
that are acceptable for most applications. For more 
critical applications the offset voltages can be externally 
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nulled to zero. The following steps should be followed 
(see Figure 8). 




FIGURF 8 Optional Offset Trim. 

1. Adjust both Ri and R: to mid-range. 

2 Set the gain to minimum (IV V) 

3 Adjust Ri to make Voi i equal zero. 

4 Set the gain to maximum ( 1024V V) 
5. Adjust R: to make Voi i equal zero. 

By using this technique, the change in output offset 
voltage caused by a gain change of IV V to 1024V V 
may be reduced to, typically ImV instead of lOmV with 
no external trimming. Trimming may cause the offset 
voltage drift vs temperature to increase slightly. 



APPLICATIONS 

A typical application of 3606 in a microcomputer based 
data acquisition system is shown in the block diagram 
below. 

The purpose of this system is to be able to acquire data 
Iroma specific analog input channel, suitably condition it 
(amplify it and convert it to digital form) and store it or 
transmit it for further processing. 

initially the Microcomputer loads the RAM (random 
access memory) with the required coding tor various 
desired gains via Data Bus. I he coding associates the 
gain state truth table for 3606 with corresponding address 
locations in the computer memorv So when the computer 
puts out an instruction to multiplex a specific analog 
input channel through the multiplexer via the Address 
Bus, the RAM also receives the same address information 
and puts out corresponding gain code to the P(il A 3606. 
The 3606 amplifies the multiplexed signal by the pro- 
grammed gain value, and outputs it to S H (sample and 
hold) I he S H holds the output value when it receives 
the control signal from the computer and the A D 
converts it and outputs it to the computer via the Data 
Bus under computer control. 

I he PCilA 3606 allous the system user to modify and 
reprogram gain values for different analog input channels 
merely by changing the software computer program. 
Sincedifferent dedicated instruments are not required for 
various input channels, the PGIA also saves space and 
overall system costs. 



IVIICROCOMPUTER 



c 



DATA BUS 



ADDRESS BUS 



CONTROL BUS 



ANALOG INPUT 
CHANNELS 



<-> 



A 
V 



^ 



1 



ADDRESS 
DECODER 

AND 
CONTROL 

LOGIC 



S/VV 



LATCH 



ANALOG 

MULTIPLEXER 

MPC40 

MPC8S 





A/D 

CONVERTER 

ADC80 



FIGURE 9. Use of 3606 in Data Acquisition System. 
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BURR-BROWN 





3627 



High Accuracy Unity-Gain 
DIFFERENTIAL AMPLIFIER 



FEATURES 

• LOW COST 

• EASY TO USE 

• COMPLETELY SELF-CONTAINED 

• HIGH ACCURACY 

Gain Error. 0.005% 
Nonlinearity, 0.0005% 
CMR. lOOdB 

• NO TRIMMING REQUIRED 

DESCRIPTION 

The 3627 is a high accuracy committed-gain dif- 
ferential amplifier. It consists of a high quality 
monolithic operation amplifier, a low drift thin-film 
resistor network and laser-trimmed offset circuitry - 
all inside a single integrated circuit package. 
The fact that the 3627 is completely self-contained in 
a TO-99 package has several user benefits: 

The total performance is guaranteed as a single 

component. 

No gain adjustments are required. 

No offset trimming is required. 

The whole circuit, including the gain setting 

resistors and offset trim circuitry, is protected by 

the environmentally rugged hermetically sealed 

package. 

The total amplifier function is very small in size 

(0. 108 square inches of area and 0.025 cubic inches 

of volume). 

The 3627 is offered in two grades; the 3627AM and 
the 3627BM. They differ only in common-mode 
rejection (94dB typ. vs 106dB typ.) and offset voltage 
drift (15mV/"C typ. vs lO/iV/T typ.) 
The 3627 offers excellent total performance with no 
fuss and a very-low total installed cost. 

international Airport industrial Paric - P.O. Box 11400 - Tucson. Arizona 85734 - Tei. (602) 746-1111 - Twx: 910-952-1111 • Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 



ELECTRICAL 

Specifications at Ta = +25<'C and ±15VDC power supply unless otherwise noted. 



MODELS 


3627AM 


3627BM 1 


GAIN 1 


Gain Equation 


G = 1V/V{i) 


Gain Error 


±0.01%, max (±0.005% typ) 


Gam Nonlinearity(2) 


±0.001%, max (±0.0005% typ) 


Gain Temp. Coefficient, max 


±0.0005%/«C (5ppm/«C) 


Gain Temp Coefficient, typ 


±0.0002%/«*C (2ppm/oC) 


OUTPUT 1 


Rated Output, min 


±10Vat±5mA 


Rated Output, typ 


±12Vat±10mA 


Output Impedance 


OOlfl 


INPUT 1 


Input Impedance 


1 


Differential 


50kn 


Common-mode 


50kfl 


Input Voltage Range 


1 


Differential 


±20V 


Common-mode 


±20V 


Common-mode Rejection, DC to 60Hz 






CMR. at250C 


90dB, mm(94dB, typ) 


100dB,min(106dB,typ) 


CMR, -25°C to +850C 


80dB, min(90dB, typ) 




OFFSET AND NOISE 1 


Offset Voltage. RTO(4)(5) 


1 


at 250C 


250A/V. max (100/iV. typ) 


vs Temperature, /uV/°C 


30, max (15, typ) j 20, max (10, typ) 


vs Supply 


20mV/V 


vsTime 


20MV/mo 


Noise Voltage, RTO(4)(6) 


1 


01 Hz to 10Hz 


2mV, p-P 


10Hz to 100Hz 


1 5mV, rms 


DYNAMIC RESPONSE | 


Small Signal, ±1% Flatness 


5kHz mm (8kHz, typ) 


Small Signal, ±3dB Flatness 


0.8MHz mind 2MHz,typ) 


Full Power Bandwidth 


14kHz mm (18kHz, typ) 


Slew Rate 


ev/^sec mm (1V/Aisec, typ) 


Settling Time, 1% (±10mV) 


20Msec 


Settling Time, 01 % ( ±1 mV ) 


SOMsec 


POWER SUPPLY 1 


Rated Voltage 


±15VDC 


Voltage Range 


±5VDCto±18VDC 


Quiescent Supply Current 


±2mA 


TEMPERATURE RANGE | 


Specifications, mm 


-25°Cto+85°C 


Operation 


-55«Cto+125°C 


Storage 


-65°Cto+150°C 



MECHANICAL 

TO-99 



trd 




"71 



Sir 


1 




^*i\\ 


N 


♦ 


-UyJ 


t 


* 



CM 
CO 



NOTE 

Leads in true position within 010 

( 25nnm) R C<s MMC at seating plane 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 




165 


185 


4 19 


4 70 


O 


016 


021 


041 


53 


E 


010 


040 


25 


1 02 


F 


010 


040 


25 


1 02 


G 


200 BASIC 


5 08 BASIC 1 


H 


028 


034 


71 


86 


J 


029 


045 


74 


1 14 


K 


500 


- 


12 7 




L 


110 


160 


2 79 


406 


M 


45" BASIC 


45° BASIC 


N 


095 105 


2 41 1 2 67 



Pin material and plating compostion conform to 
method 2003 (solderability) of MIL-STD-883 
(except paragraph 3 2) 



NOTES. 

1 Connected as unity-gain amplifier Several other configurations are possible See the 
figures m Discussion and Typical Applications. 

2 Nonlmearity is the maximum peak deviation from the best straightlme as a percent 
of full scale peak-to-peak output. 

3 With zero source impedance unbalance. 

4 Referred to output in unity-gam difference configuration Note that this circuit has a 
gam of 2 for the operational amplifiers offset voltage and noise voltage. 

5 Includes effects of amplifiers' input bias currents 

6 Includes effects of amplifiers' input current noise. 




) SENSE 



*"»©— V/^> 



ALL RESISTORS 2akii 
NOMINAL 



-0 OUT 

-0-^cc 



LASER-TRIMMED 
OFFSET NETWORK 
-VA— — Q REF 



CONNECTION DIAGRAM 
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FIGURE I. Simplified Circuit Diagram. 



See Figure 1 for circuit diagram 
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ISOLATION PRODUCTS 



WHAT IS AN ISOLATION AMPLIFIER? 

An isolation amplifier is a device with the primary function of providing 
ohmic isolation (break the ohmic continuity of electrical signal) between the 
input signal/circuitry and the output of the amplifier. It usually consists of 
an input operational amplifier or instrumentation amplifier followed by a 
unity-gain isolation stage. The sole purpose of the unity-gain isolation stage 
is to completely isolate the input from the output of the device. Ideally, the 
ohmic continuity of the input signal is broken (at the isolation barrier) yet 
accurate signal transfer without any attenuation is achieved across the unity- 
gain isolation stage. An important feature of an isolation amplifier is that it 
has a completely floating input which helps eliminate cumbersome connec- 
tions to source ground. 

Figures 1 and 2 show typical isolation amplifier applications. The isolation- 
mode voltage VjgQ is the voltage that exists across the isolation barrier. The 
contribution of the output referred error caused by Vj^^ is (Vj^^/IMRR) x 
Gain where IMRR is the Isolation Mode Rejection Ratio. V^j^ is the 
differential input signal and V^^^ is the common-mode voltage. Leakage 
Current is the current that flows across the isolation barrier with some 
specified isolation voltage applied between the input and the output. 




CHARACTERISTICS OF ISOLATION AMPLIFIERS 

Following is a discussion of some characteristics and terms unique to 
isolation amplifiers. 

COMMON-MODE VOLTAGE AND ISOLATION VOLTAGE 

Some manufacturers (other than Burr-Brown) treat common-mode voltage 
and isolation voltages synonymously in describing the use and /or specifi- 
cations of isolation amplifiers. It is important to understand the significance 
of these terms and the difference between them. 
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When the input common is grounded, the differential input signal Vj^ (see 
Figure 1) can be floated by the amount V^^^ above the input ground. V^j^ is 
the common-mode voltage (CMV) and is generally ±10V, limited by the 
CMV rating of the input stage amplifier. In applications involving higher 
systems common-mode voltages, input common terminal is not grounded 
and the common-mode voltages are referenced across the isolation barrier 
to the output common terminal. 



Isolation 
Barrier. 




Isolation 
Capacitance 
and Resistance 



Common rh 

*IMRR in A/V 



V Common 



Vo-Os.G±V,solMRR)Rp or 

Vo = (V3,3± _^) fp ± V,3o IMRR R, 
CMRR a 



Figure 1. Typical Isolation Amplifier, Current (Input) Mode. 

The isolation voltage Vj^^ shown in Figure 1 is the potential difference 
between the input common and the output common terminals. The isolation 
voltage rating describes the amount of voltage that the isolation barrier can 
withstand without breakdown. This feature of the isolation amplifier allows 
two distinct ground connections to be made when necessary. It allows the 
isolation amplifier to be used in applications involving very-high common- 
mode voltages and in applications of breaking ground loops. 

Many applications involve a large "system common-mode voltage." In such 
applications, the isolation amplifier's input common terminal is not con- 
nected to any ground but the output common terminal is connected to the 
system ground. In such a case, the term V^j^ shown in Figures 1 and 2 
becomes negligible and Vj^^ determines the safe limit for the system 
common-mode voltage. In this manner, the isolation amplifier can accom- 
modate common-mode voltages of 2000V or more. 
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Isolation 
Barrier^ 



CMRR IMRR* 

-O & 



''siGrM 



VcM© 



Input /77 
Common 




i — o V 



isolation 
Capacitance 
and Resistance 



V,so V Output 
Common 



*IMRR in V/V 



Vq « (VsiG ± ^cM ± ^f^2-) Gain 
CMRR IMRR 



Figure 2. Typical Isolation Amplifier, Voltage (Input) Mode. 



COMMON-MODE REJECTION AND ISOLATION REJECTION 

Isolation-mode rejection (IMR) is another term that some other manufactur- 
ers refer to as common-mode rejection (CMR). The preceding discussion on 
the common-mode voltage and isolation voltage helps recognize the differ- 
ence between CMR and the IMR. The CMR is the measure of the input stage 
amplifier's ability to reject common-mode input signals (common-mode 
with reference to the output common) while transmitting the differential 
signal across the isolation barrier. The isolation-mode rejection ratio 
(IMRR) is defined by the equations shown in Figures 1 and 2. Thus, 
understanding the IMR capability of isolation amplifiers allows their mean- 
ingful use in applications requiring very high common-mode rejection ratios 
such as lOOdB to 140dB. 
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ISOLATION VOLTAGE RATINGS, TEST VOLTAGE 

It is important to understand the significance of the continuous derated 
isolation voltage specification and its relationship to the actual test voltage 
applied to the unit. Since a "continuous'* test is impractical in a product 
manufacturing situation (implies infinite test duration) it is generally ac- 
cepted practice to perform a production test at a higher voltage (higher than 
the continuous rating) for some shorter length of time. 

The important consideration is then "what is the relationship between actual 
test conditions and the continuous derated minimum specification?" There 
are several rules of thumb used throughout the industry to establish this 
relationship. For most isolation amplifiers, Burr-Brown has chosen a very 
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conservative one: V^g^= (2 x V^qj^^j^q^j j^^j^^q) + lOOOV. This relationship 
is appropriate for conditions where the system transient voltages are not well 
defined.* Where the real voltages are well defined or where the isolation 
voltage is not continuous the user may chose to use a less conservative 
derating to establish a specification fi-om the test voltage. 

Beginning with the introduction of the ISO 120 and ISO 121, new introduc- 
tions are being tested for partial discharge. To accommodate poorly defined 
transients, the part under test is exposed to a voltage 1.6 times the continuous 
rated voltage and must display a partial discharge level of <5pC in a 100% 
production test. This method is described in detail in the ISO 120 data sheet. 

APPLICATIONS OF ISOLATION AMPLIFIERS 

When one or more of the following conditions/requirements are present in 
an application, an isolation amplifier would generally be the right choice as 
a signal conditioning device: 

• When ohmic isolation between the signal source and the output is a 
requirement (isolation impedance between the input and the output is 
>10Mi2). 

• When common-mode noise and voltage rejection requirements are 
>100dB). 

• When is is necessary to process signals in the presence of, or riding on, 
high common-mode voltages (CMV » lOV). 

In general, most applications can be broadly categorized into the following 
four types: 

• Amplifying and measuring low level signals in the presence of high 
common-mode voltages. 

• Breaking ground loops and/or eliminating source ground connections. 
The isolation amplifier provides full floating input, eliminating the need 
for connections to source ground, and thus allows two-wire hook-up to the 
signal sources. 

• Providing an interface between medical patient monitoring equipment 
and the transducer/devices that may be in physical contact with the patients. 
Such applications require high isolation voltage levels and very-low leakage 
currents. 

• Providing isolation protection to electronic instruments/equipment. 
Large common-mode voltages occasionally cause hazardous electronic 
faults. Low leakage currents and high isolation voltage capability of isola- 
tion amplifiers help protect instruments against damage caused by 

such faults. 



*Refer6nce National Electrical Manufacturers Association (NEMA) Standards Parts ICS 
1-109 and ICS 1-111. 
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Isolation amplifier performance requirements vary significantly, depending 
on the type of requirement. In applications where bandwidth and speed of 
response are more important than gain accuracy and linearity, the optically 
or capacitatively coupled amplifiers will be the best choice. For applications 
where gain accuracy and linearity are key parameters, Burr-Brown's family 
of transformer or capacitatively coupled amplifiers are the suitable choice. 



ISOLATION AMPLIFIERS SELECTION GUIDES 

The following Selection Guides show parameters for the high grade. Refer 
to the Product Data Sheet for a full selection of grades. Models shown in 
boldface are new products introduced since publication of the previous 
Burr-Brown IC Data Book, 



(f) 

H 
O 
D 
Q 
O 
QC 
CL 

Z 

o 

< 

-J 

o 
en 



Burr-Brown IC Data Book 4-5 Vol 33 



TRANSFORMER-COUPLED AMPLIFIERS 



Isolation Isolation Leakage Volt- 

Voltage (V) Mode Re- Current Iso Gain Non- age Bias Ext 

''"'^^^ jgction, typ at Test Imped- linearity Drift Current ±3dB Iso 

Cont Test, DC 60Hz Voltage ance max typ (±fiV^°C) Freq Power 

Descrip Model Peak Peak (dB) (dB) (^A) (Q) (pF) (%) (%) max max (kHz) Req Temp('> Pg 



High 3656G ±3500 ±8000 160 125 

Isoiation 



0.5 10'2 6 ±0.05 ±0.03 5+ lOOnA 30 No 
(1000/G,) 



Ind 4-108 



NOTES: All packages are DIPs. (1 ) Ind = --25°C to +85°C. 



OPTICALLY COUPLED AMPLIFIERS 



Isolation Isolation Leakage Voit- 

Voitage (V) Mode Re- Current Iso Gain Non- age Bias Ext 

Pulse/ jection, typ at Test Imped- linearity Drift Current ±3dB Iso 

Cont Test, DC 60Hz Voltage ance max typ (±fiV/°C) | Freq Power 

Descrip Model Peak Peak (dB) (dB) (^A) (Q) (pF) (%) (%) max max (kHz) Req Temp(') Pg 

Balanced 3650G ±2000 ±5000 140 120 0.25<2) 10^2 iq ±0.05 ±0.02 5 lOnA 15 Yes^^) Ind 4-100 

Current 

Input 



Balanced 3652G ±2000 ±5000 
PET Input 


140 120 


0.25(2) 10^2 18 


±0.1 ±0.05 25 


50nA 


15 


Yes 


Ind 4-100 


Low Drift 1801 OOP 750 2500 
Wide BW 


146(3) 108(3) 


0.3 10^2 2.5 


0.07 0.02 4(3) 


lOnA 


60 


Yes 


Ind 4-8 



NOTES: All packages are DIPs. (1 ) Ind = -25°C to +85°C. (2) At 240V/60Hz. (3) R,^ = 1 0k, Gain = 1 00. 



CAPACITOR COUPLED, HERMETICALLY SEALED AMPLIFIERS 



Boldface = NEW 



Isolation Isolation Leakage Volt- 

Voltage (V) Mode Re- Current Iso Gain Non- age Bias Ext 

Pulse/ jection, typ at Test Imped- linearity Drift Current ±3dB Isol 

Cont Test, DC 60Hz Voltage ance max typ (±nV/°C) | Freq Power 

Descrip Model Peak Peak (dB) (dB) (fiA) (Q) (pF) (%) (%) max max (kHz) Req TempC'Pg 



1500 VAC ISO102B ±2121 ±4000 160 120 1.0 

Isolation ISO120B ±2121 ±3535(2)160 115 0.5 

IS0122 ±2121 ±3394 140 0.5 



10^* 6 ±0.025 ±0.02 ±250 lOOjiA 70 Yes Ind 4-20 
10^* 2 ±0.01 ±0.005 ±150 SOfiA 60 Yes Ind 4-44 
10^* 2 ±0.01 ±0.005 ±200 SOjiA 50 Yes Com 4-57 



3500VAC ISO106B ±4950 ±8000 160 130 
Isolation IS0121B ±4950 ±5600(^)160 115 



1.0 10^* 6 ±0.012 ±0.007 ±250 lOO^iA 70 Yes Ind 4-20 
0.5 10^^ 2 ±0.01 ±0.005 ±150 SO^iA 60 Yes Ind 4-44 



NOTES: All packages are DIPs. (1) Ind = -25''C to +85°C. Com = 0°C to +70°C. (2) Partial discharge voltage. 
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ISOLATION POWER SUPPLIES^') 



Boldface = NEW 



Isolation Leakage Current, 

Voltage (V) Input Current Balanced Sensitivity 

Pulse/ Voltage 240VAC Isolation Loads On Ail To Input 

Cont Test (VDC) 60Hz Impedance Outputs (mA) Change 

Model Peak Peak min max (^A) (Q) (pF) Rated Max('> (V/V) Temp('> Pkg 



Descrip 



Single 700 1500 4200 10 18 1 10^° 5 ±3-30 

±15V 700U 2000 5000 10 18 1 10^° 3 ±3-30 

Output PWS725 2121 4000 7 18 1.2 10^^ 9 +^5 

PWS726 4950 8000 7 18 1.2 10« 9 ±15 



±60 1.08 Ind Mod 4-86 

±60 1.08 Ind Mod 4-86 

±40 1.15 Ind DIP 4-65 

±40 1.15 Ind DIP 4-65 



Dual±15V 
Output 


722 

PWS727 

PWS728 


4950 
2121 
2121 


8000 
3394 
3394 


5 

10 

4.5 


16 1 
18 1.5 
5.5 1.5 


10^0 
10^4 
10^* 


6 
8 
8 


±3-40 

±15 

±15 


±50 
±30 
±30 


1.13 
1.15 
3.2 


Ind 
Com 
Com 


Mod 4-92 
Mod 4-70 
Mod 4-73 


Quad±15V 
Output 


710 


1000 


3100 


10 


18 1 


10^° 


8 


±9.5 


±60 


1.08 


Ind 


Mod 4-88 


Quad ±8V 
Output 


724 


1000 


3000 


5 


16 1 


lO^'' 


6 


±3-16 


±60 


0.63 


Ind 


Mod 4-96 


Multiple 
Output (1-8) 


PWS740 
PWS750 


2121 
2121 


4000 
3394 


7 
4.5<5) 


20 1.5 

18(«) 1.5 


io« 

10^* 


3 
8 


30(3) 
±15 


60(3) 
30 


1.20 
(7) 


Ind 
Com 


Sysw 4-76 
Comp 4-83 


NOTES: (1 ) See complete Product Data Sheet for full specifications, especially regarding output current capabilities. (2) Ind =-25°C 
to+85°C. Com = 0°Cto+70°C. (3) Per channel. (4) 1 TO-3 driver per 8 channels, plus 2 DIPs per channel. (5) 5V operation. (6) 
1 5V operation. (7) 5V operation: 3.2; 1 5V operation: 1 .1 5. 


CAPACITOR-COUPLED, WITH POWER 
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Isolation 
Voltage (V) 



Isolation Leakage 
Mode Re- Current Iso 



Gain Non- 
Pulse/ jeotion, typ at Test Imped- linearity 



Cont Test, DC 60Hz Voltage ance 
Descrip Model Peak Peak (dB) (dB) (jiA) (n) (pF) (%) (%) max max (kHz) Temp(^) Pg 



Volt- 
age Bias 
Drift Current ±3dB 
max typ (±nV/°C) | Freq 



1500 VAC ISO103 2121 3394 160 100 1.0 10« 9 

Input Power 


0.01 


100<2) 


50|xA 


30 


Ind 4-34 


1500 VAC IS0113 2121 3394 160 100 1.0 10^^ 9 

Output Power 


0.01 


100(2) 


SOfiA 


30 


Ind 4-41 


2500 VAC ISO107 3535 5656 160 100 1.0 10^^ 9 

Input Power 


0.01 


100<2) 


50nA 


30 


Ind 4-34 


NOTES: All packages are DIPs. (1) Ind = -25X to +85°G. 


CAPACITATIVELY COUPLED VOLTAGE-TO-FREQUENCY CONVERTER 
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Isolation 
Voltage (V) 



Leakage 
Current 



Non-lin- Bias Operating External 
Pulse/ at Test isolation earityat Current Frequ Isolation 

Cont Test Voltage Impedance 1MHZ (max) (max) Power 



Descrip 


Model 


Peak 


Peak 


(HA) 


(a) 


(pF) 


(typ) 


(^A) 


(kHz) 


Req 


Tempo) Pg 


1500V 
Isolation 


ISO108 


2121 


3394(2) 


0.3 typ 


10^2 


3 


0.01 


250 


4 


Yes 


Ind 4-38 



CO 

o 

O 

o 

DC 
O. 

z 
o 

< 

o 



NOTES: Package is DIP. (1) Ind = -25°C to +85°C. (2) Partial discharge voltage. 
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BURR-BROWN ® 



ISO100 



Miniature 

Low Drift - Wide Bandwidth 

ISOLATION AMPLIFIER 



FEATURES 

• EASY TO USE. SIMILAR TO AN OP AMP 

Vout/Iin = Rf, Current Input 
Vout/Vin = Rf/Rin. Voltage Input 

• 100% TESTED FOR BREAKDOWN 

750V Continuous Isolation Voltage 

• ULTRA-LOW LEAKAGE. 0.3a<A. max. at 240V/6GHz 

• WIDE BANDWIDTH. 60kHz 

• LOW COST 

• 18-PIN DIP PACKAGE 

DESCRIPTION 

The ISOlOO is a miniature low cost optically-coupled 
isolation amplifier. High accuracy, linearity, and 
time-temperature stability are achieved by coupling 
light from an LED back to the input (negative 
feedback) as well as forward to the output. Optical 
components are carefully matched and the amplifier 
is actively laser-trimmed to assure excellent tracking 
and low offset errors. 

The circuit acts as a current-to-voltage converter 
with a minimum of 750V (2500V test) between input 
and output terminals. It also effectively breaks the 
galvanic connection between input and output com- 
mons as indicated by the ultra-low 60Hz leakage 
current of 0.3/xA at 250V. Voltage input operation is 
easily achieved by using one external resistor. 
Versatility along with outstanding DC and AC per- 
formance provide excellent solutions to a variety of 
challenging isolation problems. For example, the 
ISOlOO is capable of operating in many modes, 
including: noninverting (unipolar and bipolar) and 
inverting (unipolar and bipolar) configurations. Two 
precision current sources are provided to accomplish 
bipolar operation. Since these are not required for 
unipolar operation, they are available for external 



APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL 

Transducer sensing 

(thermocouple, RTD, pressure bridges) 
4mA to 20mA loops 
Motor and SCR control 
Ground loop elimination 

• BIOMEDICAL MEASUREMENTS 

• TEST EQUIPMENT 

• DATA ACQUISITION 

use (see Applications section). 
Designs using the ISOlOO are easily accomplished 
with relatively few external components. Since Vout 
of the ISOlOO is simply IinRout, gains can be 
changed by altering one resistor value. In addition, 
the ISOlOO has sufficient bandwidth (DC to 60kHz) 
to amplify most industrial and test equipment signals. 



, BALANCE 



BALANCE 




■hc*hc INPUT OUTPUT '^CC^hc 

COMMON COMMON 



International Airport Industrial Park - PO Box 11400 - Tucson. Arizona 85734 - Tel (602) 746-1111 - Twx 910-952-1111 - Cable BBRCORP - Telex 66-6491 



Burr-Brown IC Data Book 



4-8 



Vol, 33 



SPECIFICATIONS 

ELECTRICAL 

At Ta = +25'=>C and ±Vcc = 15VDC unless otherwise noted 



PARAMETER 


CONDITIONS 


ISO100AP 


ISO100BP 


ISO100CP 


UNITS 


MIN 1 TYP 


MAX 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


ISOLATION ^ 


Voltage. 
























Rated Continuous, AC peak or DC"' 




750 


















V 


Test Breakdown, DC 


lOsec 


2500 


















V 


Rejection(2) DC 


RiN=10kfl, Gain= 100 




5 
146 
















pA/V 
dB 


AC 


60Hz. 480V, Rf = 1 Mil 
RiN = 10kn, Gain = 100 




400 
108 
















pA/V 
dB 


Impedance 




1012||25 












* 




niipF 


Leakage Current 


240V, rms, 60Hz 


1 


03 














mA, rms 


OFFSET VOLTAGE (RTI) | 


Input Stage iVosn 
























Initial Offset 








500 






300 






200 


mV 


vs Temperature 








5 






2 






2 


mV/°C 


vs Input Power Supplies 








105 














dB 


vs Time 






1 
















MV/kHr 


Output Stage (Vosoi 
























Initial Offset 








500 






300 






200 


mV 


vs Temperature 








5 






2 






2 


mV/°C 


vs Output Power Supplies 








105 














dB 


vs Time 






1 
















)uV/kHr 


Common-Mode Rejection Ratio(2) 


60Hz, RF = 1Mn 
RiN = 10kfl, Gain = 100 




3 
90 
















nA/V 
dB 


Common-Mode Range 




±10 


















V 


REFERENCE CURRENT SOURCES | 


Magnitude 
























Nominal 




105 


12 


12 5 














mA 


vs Temperature 








300 






300 






150 


ppm/°C 


vs Power Supplies 






03 


3 














nA/V 


Matching 
























Nominal 






50 
















nA 


vs Temperature 






150 
















ppm/°C 


vs Power Supplies 






03 
















nA/V 


Compliance Voltage 




-10 




+15 


* 












V 


Output Resistance 






2x109 
















fl 


FREQUENCY RESPONSE | 


Small Signal Bandwidth 


Gain = 1V/MA 




60 
















kHz 


Full Power Bandwidth 


Gain = 1V/MA, Vo = ±10V 




5 












* 




kHz 


Slew Rate 




22 


31 
















V/^sec 


Settling Time 


1% 




100 
















Msec 


TEMPERATURE RANGE | 


Specification 




-25 




+85 














°C 


Operating 




-40 




+100 














°C 


Storage 




-55 




+100 














°C 


UNIPOLAR OPERATION | 


GENERAL PARAMETERS 
























Input Current Range 
























Linear Operation 




-20 




-0 02 














mA 


Without Damage 




-1 




+1 






* 








mA 


Input Impedance 






01 
















fl 


Output Voltage Swing 


RL = 2kn, RF = 1Mn 


-10 



















V 


Output Impedance 


DC, open-loop 




1200 
















11 


GAIN 


Vo = RF(ilN! 






















Initial Error (Adjustable To Zero ' 






2 


5 




1 


2 




1 


2 


%FS 


vs Temperature 






03 


07 




01 


05 




005 


03 


%/°C 


vs Time 






05 
















%/kHr 


Nonlinearity(3) 






01 


04 




03 


01 




02 


07 


% 


CURRENT NOISE 


Iin = 02mA 






















01Hz to 10Hz 






20 
















pA, p-p 


10Hz 






1 
















pA/v/H^ 


100Hz 






07 
















pA/v/lHi 


1kHz 






65 
















pA/v^ Hz 


INPUT OFFSET CURRENT (iQg) 
























Initial Offset 






1 


10 














nA 


vs Temperature 






05 
















nA/°C 


vs Power Supplies 






01 
















nA/V 


vs Time 






100 
















pA/kHr 
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ELECTRICAL (CONT) 



PARAMETER 


CONDITIONS 


ISO100AP 


ISO100BP 


ISO100CP 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


POWER SUPPLIES 
























Input Stage 
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Output Stage 
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Supply Current 
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Short Circuit Current Limit 
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mA 


BIPOLAR OPERATION | 


GENERAL PARAMETERS 
























Input Current Range 
























Linear Operation 
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mA 


Without Damage 




-1 




+1 














mA 


Input Impedance 
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11 


Output Voltage Swing 


RL = 2kfi. RF = 1Mn 


-10 




+10 
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V 


Output Impedance 
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n 


GAIN 


Vo = Rf'Iin' 






















Initial Error ■ Adjustable To Zero i 
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vs Temperature 






03 
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Nonlineanty 0) 
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02 
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CURRENT NOISE 


Iin = 2mA 






















01Hz to 10Hz 
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nA. p-p 


10Hz 
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pA/vTii 


100Hz 
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pA/s/TTz 


1kHz 
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pA/V Hz 


INPUT OFFSET CURRENT los. bipol 


ar)(4) 






















Initial Offset 






40 


200 




20 


70 




10 


35 


nA 


vs Temperature 
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2 






1 


nA/oC 


vs Power Supplies 
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nA/V 


vs Time 






250 
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pA/kHr 


POWER SUPPLIES 
























Input Stage 
























Voltage ( rated performance) 






±15 






* 










V 


Voltage (derated performance) 




±7 




±18 






, 










Supply Current 


liN = +10mA 
Iin = -10/uA 




+2. -1 1 
+8, -1 1 


+3,-2 
+13.-2 






. 




. 




mA 
mA 


Output Stage 
























Voltage ( rated performance) 






±15 
















V 


Voltage (derated performance) 




±7 




±18 














V 


Supply Current 


Vo = 




±1 1 


±2 










* 




mA 


Short Circuit Current Limit 








±40 














mA 



Same as ISOIOOAP 
NOTES 

1 See Typical Performance Curves for temperature effects 

2 See Theory of Operation section for definitions For dB see Ex 2, CM and HV errors 

3 Nonlineanty is the peak deviation from a "best fit'* straight line expressed as a percent of full scale output 

4 Bipolar offset current includes effects of reference current mismatch and unipolar offset current 



MECHANICAL 
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10' 


NOTE- Leads in true position 

within 01" (0.25mm) R at Miy/IC 
B at seating plane. 

Pin numbers shown for reference 
1 only. Numbers are not marked 

on package. 














DIM 


INCHES 


MILLIMETERS 
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A 


.982 
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.480 


.500 
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.148 
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3.76 


5.00 
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0.41 
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ABSOLUTE MAXIMUM RATINGS 



Supply Voltages 








±18V 


Isolation Voltage 
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Input Current 
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Storage Temperature Range 
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nuous to ground 



PIN CONFIGURATION 



BOTTOM VIEW 




*N0 INTERNAL CONNECTION 



TYPICAL PERFORMANCE CURVES 



Ta = +25°C, ±Vcc = 15VDC unless otherwise noted 
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RATE OF GAIN ERROR SHIFT 
VS ISOLATION VOLTAGE 



GAIN ERROR VS TEMPERATURE 
AND ISOLATION VOLTAGE 












^ 


^ Vim > Vt 
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*♦ Vim<Vt 
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250 500 750 

Isolation Voltage (VDC I 



+65 +75 
Tt 
Temperature ("Ci 



NOTES 

Vt and Tt approximate the threshold 

for the indicated gam shift This is 

caused by the properties of the 

optical cavity 

Tt « +65°C, Vt « 200VOC Shift does 

not occur for AC voltages 

Vim = Isolation-mode Voltage 

Vt = Threshold Voltage 

Tt = Threshold Temperature 



THEORY OF OPERATION 

The ISO 100 is fundamentally a unity gain current 
amplifier intended to transfer small signals between 
electrical circuits separated by high voltages or different 
references. In most applications an output voltage is 
obtained by passing the output current through the 
feedback resistor (Rf). 

The ISOlOO uses a single light emitting diode (LED) and 
a pair of photodiode detectors, coupled together, to 
isolate the output signal from the input. 
Figure I shows a simplified diagram of the amplifier. 
Iki ^ I and Iki f 2 are required only for bipolar operation, to 
generate a midscale reference. The LED and photodiodes 
(D 1 and D2) are arranged such that the same amount of 
light falls on each photodiode. Thus, the currents 
generated by the diodes match very closely. As a result, 
the transfer function depends upon optical match, rather 
than absolute performance. Laser-trimming of the 
components improves matching and enhances accuracy, 
while negative feedback improves linearity. Negative 
feedback around Al occurs through the optical path 
formed by the LED and Dl. The signal is transferred 
across the isolation barrier by the matched light path to 
D2. 



'REF 



1 16 



ISOLATION 
BARRIET" 



INPUT CIRCUIT 




7 8 



'REFo 



OUTPUT CIRCUIT 
1 



Vout = 'in"f 



40 



"OUT 



OUTPUT 
COMMON 

CONNECT PINS IS AND 16 FOR BIPOUR CONNECT PINS 7 AND 8 FOR BIPOLAR 
AND PINS 16 AND 17 FOR UNIPOLAR: AND PINS 8 AND 9 FOR UNIPOLAR 



FIGURE 1. Simplified Block Diagram of the ISOlOO. 



The overall ISO amplifier is noninverting (a positive 
going input produces a positive going output). 



INSTALLATION AND 
OPERATING INSTRUCTIONS 

UNIPOLAR OPERATION 

In Figure 1, assume a current, lis, flows out of the 
ISO 100 (IiN must be negative in unipolar operation). This 
causes the voltage at pin 15 to decrease. Because the 
amplifier is inverting, the output of Al increases, driving 
current through the LED. As the LED light output 
increases, Dl responds by generating an increasing 
current. The current increases until the sum of the 
currents in and out of the input node (-Input to Ai) is 
zero. At that point the negative feedback through Dl has 
stabilized the loop, and the current Idi equals the input 
current plus the bias current. As a result no bias current 
flows in the source. Since Dl and D2 are matched (Idi = 
Id2), Iin is replicated at the output via D2. Thus, Al 
functions as a unity-gain current amplifier, and A2 is a 
current-to-voltage converter, as described below. 
Current produced by D2 must either flow into A2 or Rf- 
Since A2 is designed for low bias current (« 1 On A) almost 
all of the current flows through Rf to the output. The 
output voltage then becomes; 

V() = (Id2) Rf = (Idi ±Iqs) Rf ^ -(-Iin) Rf = IinRf, (1) 
where, los is the difference between Al and A2 bias 
currents. For input voltage operation Iin can be replaced 
by a voltage source (Vin) and series resistor (Rin) since 
the summing node of the op amp is essentially at ground. 
Thus, Iin = Vin/ Rin. 

Unipolar operation does have some constraints, however. 
In this mode the input current must be negative so as to 
produce a positive output voltage from A I to turn the 
LED on. A current more negative than 20nA is necessary 
to keep the LED turned on and the loop stabilized. When 
this condition is not met the output may be indeterminant. 
Many sensors generate unidirectional signals, e.g., 
photoconductive and photodiode devices, as well as some 
applications of thermocouples. However, other appli- 
cations do require bipolar operation of the ISOlOO. 
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BIPOLAR OPERATION 

To activate the bipolar mode, reference currents as 
shown in Figure 1, are attached to the input nodes of the 
op amps. The input stage stabilizes just as it did in 
unipolar operation. Assuming Iin = 0, the photodiode 
has to supply all the Irefi current. Again, due to 
symmetry, Idi = Id2. Since the two references are 
matched, the current generated by D2 will equal Iref2. 
This results in no current flow in Rf, and the output 
vohage will be zero. When Iin either adds or substracts 
current from the input node, the current Dl will adjust to 
satisfy Idi = Iin + Irefi . Because Irefi equals Iref2 and Idi 
equals Id2, a current equal to Im will flow in Rf. The 
output voltage is then Vo = IinRf. The range of allowable 
Iin is Hmited. Positive Im can be as large as Irefi ( lO.Sju A, 
min). At this point, Dl supplies no current and the loop 
opens. Negative Iin can be as large as that generated by 
Dl with maximum LED output (recommended 10/xA, 
max). 

DC ERRORS 

Errors in the ISO 100 take the form of offset currents and 
voltages plus their drifts with temperature. These are 
shown in Figure 2. 



ISOLATION BARRIER Vqso h' 
^OJI IS0100 \ 

RiH! X:^-- V'" 




*USE IMn OR GREATER TO ACHIEVE A FULL SCALE OUTPUT OF lOV. 



FIGURE 2. Circuit Model for DC Errors in the ISOIOO. 

Al and A2: are assumed to be ideal ampHfiers. 

Vqso and Vqsi: are the input offset voltages of the output 
and input stage, respectively. Voso 
appears directly at the output, but, Vosi 
appears at the output as 

Vosi-^ ' 

RiN 

see equation (2). 

los: is the offset current. This is the current at 

the input necessary to make the output 
zero. It is equal to the combined effect of 
the difference between the bias currents 
of A 1 and A2 and the matching errors in 
the optical components, in the unipolar 
mode. 

Irefi and Irer: are the reference currents that, when 
connected to the inputs, enable bipolar 
operation. The two currents are trim- 
med, in the bipolar mode, to minimize 
the los bipolar crror. 

Ipi and I^ are the currents generated by each photo- 
diode in response to the light from the 
LED. 



Ag.' is the gain error. 

Ae = I Ideal gain/ Actual gain| -I 
The output then becomes: 

VoUT = Rp[( ^'N±Vosi _j^^^^ ^j^^^^ 1 + A^) + IreF2] ±Voso 
RiN 

(2) 



The total input referred offset voltage of the ISOlOO can 
be simplified in the unipolar case by assuming that Ae = 
and ViN = 0: 



VoUT' 



[ ~R ilos unipolar] iVoSO 



(3) 



This voltage is then referred back to the input by divid- 
ing by Rf/Rin. 

VoS (RTi) = (±VoSl) ±RlN (los unipolar) + VoSo/(Rf/ Rin) 

(4) 
Example 1: (Refer to Figure 2 and Electrical Specifica- 
tions Table) 

Given: los bipolar = +35nA 

RiN = lOOkn 
Rf = 1 Ma (gain = 10) 
Vosi = +200mV 
Voso = +200mV 
Find: The total offset vohage error referred to the input 

and output when Vin = OV. 
Vos total RTI 

= {[±VoSI ±RlN (los bipolar) — RiN (IrEF l)] 

[1 + Ae] + RiN IrEF 2} ±V0S0/(Rf/Rin) 

= {[+200iuV + lOOkO (35nA) - lOOkO (12.5m A)] 

[1.02] + lOOkn (12.5mA]} + 

200MV/(lMn/100kn) 
= {[0.2mV + 3.5mV - 1.25V] 

[1.02] + 1.25V} + 0.02mV 
= -21.2mV 

Vos total RTO 

= Vos total RTI X Rf/Rin 
= -21.2mV X 10 
= -212mV 

Note: This error is dominated by los bipolar and the refer- 
ence current times the gain error (which appears as an 
offset). The error for unipolar operation is much lower. 
The error due to offset current can be zeroed using cir- 
cuits shown in Figures 6 and 7. The gain error is adjusted 
by trimming either Rf or Rm. 

COMMON-MODE AND HIGH VOLTAGE ERRORS 

Figure 3 shows a model of the ISO 1 00 that can be used to 
analyze common-mode and high voltage behavior. 

Definitions of CMR and IMR 

los is defined as the input current required to make the 
ISOlOO's output zero. CMRR and IMRR in the ISOIOO 
are expressed as conductances. CMRR defines the 
relationship between a change in the applied common- 
mode voltage (Vcm) and the change in los required to 
maintain the amplifier's output at zero: 
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-ISOLATION BARRIER 



Verrcm( 

^ERRIMV 




COMMON 



FIGURE 3. High Voltage Error Model. 
CMRR (I-mode) = Alds/AVcM in nA/ V 
CMRR(V.mode) 



■L^]«- 



AVe 



AVc 



(5) 
^inV/V(6) 



IMRR defines the relationship between a change in the 
applied isolation mode voltage (Vim) and the change in 
los required to maintain the amplifier's output at zero: 



IMRR(l-mode)= -^^ in pA/V 
AViM 



IMRR(V-mode) = 



mh 



AVk 



(7) 
(8) 



in V/V 



AV,M 

CMRR & IMRR in V/V are a function of Rm. 
Vim is the voltage between input common and output 

common. 
VcM is the common-mode voltage (noise that is present 

on both input lines, typically 60Hz). 
Verr is the equivalent error signal, applied in series with 

the input voltage, which produces an output error 

identical to that produced by application of Vcm 

and Vim. 
CMRRand IMRR are the common-mode and isolation- 
mode rejection ratios, respectively. 
TOTAL CAPACITANCE (C, and C2) is distributed 
along the isolation barrier. Most of the capacitance is 
coupled to low impedance or noncritical nodes and 
affects only the leakage current. Only a small capacitance 
(C2) couples to the input of the second stage, and 
contributes to IMRR. 

Example 2: Refer to Figure 3 and Electrical 
Specification Table) 

Given: Vcm = IVAC peak at 60Hz, Vim = 200VDC, 
CMRR = 3nA/ V, IMRR = 5pA/ V, 
RiN= lOOkO, Rf= IMH 
(Gain = 10) 

Find: The error voltage referred to the input and 

output when Vm = OV 
Verr rti = (Vcm)(CMRR)(R,n) + (V,m) 
(IMRR)(R,n) 
=lV(3nA/V)(100kn) + 200V 

(5pA/V)(l00kn) 
= 0.3mV + Q.lmV 
= 0.4mV 



Verrrto= Vi;rr rti (Rf/Rin) 
= 0.4mV(10) 
= 4mV(withDCIMRR) 
(Note: This error is dominated by the CM R R 
term) 
For purposes of comparing CMRR and IMRR directly 
with dB specifications , the following calculations can be 
performed: 

CMRR in V/V = CMRR (I-mode)(RiN) 
= 3nA/V(100k) = 0.3mV/V 

CMR = 20 LOG (0.3mV/ V) = -70dB at 60Hz 
IMRR in V/V = 

IMRR (I-mode)(RiN) = 5pA/ V(100kn)= 0.5/xV/ V 

IMR = 20 LOG (0.5 x lO'^V/ V) = -126dB at DC 

Example 3: 

In Example 2, Vim is an AC signal at 60Hz and 

IMRR=i20EA 

Vkrr rti = Verr CM + Verr im 

= 0.3mV -I- 200V (400pA/ V)(100kn) 
= 8.3mV 

Verr rio = 83mV (with AC IMRR) 

Example 4: 

Given: Total error RTO from Examples 1 and 3 as 

378mV worst case 
Find: Percent error of + lOV full scale output 

%Error = ^^'^'^^''^^^xlOO 



Vfs 

378mV 

lOV 



X 100 



= 3.7 



NOISE ERRORS 

Noise errors in the unipolar mode are due primarily to 
the optical cavity. When the full 60kHz bandwidth is not 
needed, the output noise of the ISO 100 can be limited by 
either a capacitor, Cf, in the feedback loop or by a 
low-pass filter following the output. This is shown in 
Figure 4. Noise in the bipolar mode is due primarily to the 
reference current sources, and can be reduced by the 
low-pass filters shown in Figure 5. 




FIGURE 4. Two Circuit Techniques for Reducing 
Noise in the Unipolar Mode. 
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FIGURE 5. Circuit Technique for Reducing Noise from 
The Current Sources in the Bipolar-Mode. 

OPTIONAL ADJUSTMENTS 

There arc two ma j or sources of offset error : offset volt- 
age and offset current. Vosi and Voso of the input and 
output amplifiers can be adjusted independently using 
external potentiometers. An example is shown in Figure 
17. Note that Voso (500 juV, max) appears directly at the 
output, but Vosi appears at the output multipled by gain 
(Rf/ Rin). In general, Vos is small compared to the effect 
of los (see Example 1). To adjust for Iqs use a circuit 



OPTIONAL UNIPOLAR los ADJUST 




SHIFT DUE TO R5 & Re 



which intentionally unbalances the offset in one direc- 
tion and then allows for adjustment back to zero. 
Figure 6 shows how to adjust unipolar errors at zero 
input. The unipolar amplifier can be used down to zero 
input if it is made to be "slightly bipolar." By sampling 
the reference current with R5 and Re the minimum cur- 
rent required to keep the input stage in the linear region 
of operation can be established. R? and Rg are adjusted 
to cancel tht offset created in the input stage. This brings 
the output to zero, when the input is zero. Although the 
amplifier can now operate down to zero input voltage, it 
has only a small portion of the current drain and noise 
that the true bipolar configuration would have. 

Adjusting the bipolar errors is illustrated in Figure 7. 
Each of the errors are adjusted in turn. With Vin = 
"open,", los is trimmed by adjusting Rio to make the 
output zero. Rg is then adjusted to trim the gain error. 
The effects of offset voltage are removed by adjusting 

Rl4. 



1MQ 

R,N 


R10 


Rn lOMC^ 


OPTIONAL BIPOLAR los ADJUST 
RfIMQ 


\ 


Ic R,2 •*- 




9.76kQ Rg +IN 
500O 
POT 








A** 


7_ 


. 3161(0 


ToMfil 
8 








^ 


^^3 










"2^ 












9 


■k- ^^^ 


/) 


-IN 
17 

r 


h 


n 


+v ■ 

J 

Rl4 

lOOkn 


r 



a 



FIGURE 7. Adjusting the Bipolar Errors. 



BASIC CIRCUIT CONNECTIONS 



FIGURE 6. Adjusting the Unipolar Amplifier Errors at 
Zero Input. 




'USE NEGATIVE INPUTS ONLY 
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FIGURE 8. Unipolar Noninverting. 
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FIGURE 9. Bipolar Noninverting. 
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Vout = -V|n(VRi) 



*USE POSITIVE INPUT VOLTAGE ONLY 
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FIGURE 10. Unipolar Inverting. 
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FIGURE 11. Bipolar Inverting. 

APPLICATION INFORMATION 

The small size, low offset and drift, wide bandwidth, 
ultra-low leakage, and low cost, make the ISO 100 ideal 
for a variety of isolation applications. The basic mode of 
operation of the ISO 100 will be determined by the type of 
signal and application. 

Major points to consider when designing circuits with the 
ISOIOO. 

1. Input Common (pin 18) and -IN (pin 17) should be 
grounded through separate lines. The Input Common 
can carry a large DC current and may cause feedback 
to the signal input 

2. Use shielded or twisted pair cable at the input, for long 
lines. 



3. Care should be taken to minimize external capacitance 
across the isolation barrier. 

4. The distance across the isolation barrier, between 
external components, and conductor patterns, should 
be maximized to reduce leakage and arcing. 

5. Although not an absolute requirement, the use of 
conformally-coated printed circuit boards is recom- 
mended. 

6. When in the unipolar mode, the reference currents 
(pins 8 and 16) must be terminated. Im should be 
greater than 20nA to keep internal LED on. 

7. The noise contribution of the reference currents will 
cause the bipolar mode to be noisier than the unipolar 
mode. 

8. The maximum output voltage swing is determined by 
IiN and Rf. 

VsWINC, = ^I^^mix ^ ^^ 

9. A capacitor (about 3pF) can be connected across Ri 
to compensate for peaking in the frequency response. 
The peaking is caused by the pole generated by Rf and 
the capacitance at the input of the output amplifier. 

Figures 12 through 18 show applications of the ISOIOO. 



Cc MAY BE USED TO 
IMPROVE FREQUENCY 'o = ' ^ ^ 

RESPONSE (reduce peaking) 



RrCf 



0.02MAto10.A 16 iSOLATION.BARRIER 
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FIGURE 12. Two-Port Isolation Photodiode Amplifier 
Unipolar. 
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BRIDGE 
EXCITATION 




+15V (1) -15V 



(1) FOR ISOLATED SUPPLIES SEE FIGURES 10 AND 11 

(2) IN THIS EXAMPLE THE INTERNAL PRECISION CURRENT REFERENCE Iprr 
PROVIDES BRIDGE EXCITATION 

(3) PIN 8 OF THE INA101 MUST BE MORE NEGATIVE THAN 2mV FOR LINEAR 
OPERATION OF THE IS0100 WITH R, = lOOkii 
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TOTAL GAIN = 1000 



■^ 



FIGURE 13. Precision Bridge Isolation Amplifier (Unipolar). 
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R3 AND R2 ARE REQUIRED TO MAINTAIN 
A 3mA, MIN. LOAD TO THE 722 



OFFSETTING 
-15V-^>^/>^/>A^+15V 
GAIN lOOkJif R4 

ADJ 

^3 



2Mn<R, 



"2 1 15 



lOQkn Ikn 



>>|ie '*''' . 



O'lN 



:f 



IMn Rp 

<S/SA< — - 



^-^1^8 



^ 




«OUT 

— O 



GAIN = +10 to +1000 
APPROXIMATE INPUT OFFSETTING = to ±7 5mA 
FOR ISOLATED SUPPLIES SEE FIGURES lOandll 



FIGURE 15. Isolated Test Equipment Amplifier 
(Unipolar with Offsetting). 



FIGURE 14. Three-Port Isolation Thermocouple 
Amplifier (Bipolar). 
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INPUT 
-5V TO OV 

R,^500kfi ^ 

SPAN ADJUST 



IMfi |500kn 




OFFSET 
AOJ 



+V|SOLATED 




SILIGONiX 
VN88AF 



'OUT 
4-ZOmA 



^N 



«4 
335kit 




■^ISOLATED 



20011 



> 



CALIBRATION PROCEDURE: 

1.SETV„f = 0V 

2. ADJUST R^ FOR loyT = 20mA 

3.SETV,N=-5V 

4. ADJUST Rim FOR Igyj = 4mA 



FOR ISOLATED SUPPLIES SEE FIGURES 10 AND II 



FIGURE 16. Isolated 4mA to 20mA Transmitter (Example of an isolated voltage controlled current source). 




^OUT 



: 

r 



±VQg'8 

TO INPUT STAGES 
OF AMPLIFIERS 
2 3 4 



724 ISOLATED 
POWER SUPPLY 



*N0 ADDITIONAL CONNECTIONS TO OUTPUT AMPLIFIERS 
NOTE THAT A VARIETY OF INPUT/GAIN CONFIGURATIONS CAN BE USED 



•=• +15V 



(NONiSO) 



FIGURE 17. Four-Port Isolated Summing Amplifier (Unipolar). 
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OPTO 
ISO- 
LATOR 



rm INPUT 



COMMON ^,gy jg^ 

* *i 



-CHANNEL SELECT 



■ GAIN SELECT 




"OUT 



+15V -15V OUTPUT ^ 

COMMON * 



FOR ISOLATED POWER SUPPLIES SEE FIGURES 10 AND 1 1 
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FIGURE 18. Multiple Channel Isolation Amplifier (Bipolar) with programmable Gain (Useful in Data Acquisition 
Systems). 
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BURR-BROAVN® 




ISO102 
ISO106 



Low Cost, High Voltage, Wide Bandwidth 

Standard Hermetic DIP 

SIGNAL ISOLATION BUFFER AMPLIFIERS 



FEATURES 

• 14-BlT LINEARITY 

• INDUSTRY'S FIRST HERMETIC ISOLATION 
AMPLIFIERS AT LOW COST 

• EASY-TO-USE COMPLETE CIRCUIT 

• RUGGED BARRIER, HV CERAMIC CAPACITORS 

• 100% TESTED FOR HIGH VOLTAGE BREAKDOWN 
IS0102: 4000Vrms/10s, 1500Vrms/1min 
IS0106: BOOOVpk/IOs, 3500Vrms/1mln 

• ULTRA HIGH IMR: 125dB min at 60Hz. IS0106 

• WIDE INPUT RANGE: -lOVto+lOV 

• WIDE BANDWIDTH: 70kHz 

• VOLTAGE REFERENCE OUTPUT: 5VDC 

DESCRIPTION 

The ISO102 and ISO106 isolation buffer amplifiers 
are two members of a new series of low cost 
isolation products from Burr-Brown. They have the 
same electrical performance and differ only in con- 
tinuous isolation voltage rating and package length. 
The ISO102 is rated for ISOOVrms in a 24-pin DIP. 
The ISO106 is rated for 3500Vrms in a 40-pin DIP. 
Both side-braze DIPs are 600 mil wide and have 
industry standard package dimensions with the excep- 
tion of missing pins between input and output 
stages. This permits utilization of automatic insertion 
techniques in production. The three-chip hybrid 
with its generous high voltage spacing is easy to use 
(no external components are required). 
Each buffer accurately isolates ±10V analog signals 
by digitally encoding the input voltage and uniquely 
coupling across a differential ceramic capacitive 
barrier. This design is nearly immune to variations 
in the barrier voltage. All elements necessary for 
operation are contained within the DIP. This pro- 
vides low cost compact signal isolation in a hermetic 
package. 



APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL 
Transducer channel Isolator for thermocouples, 
RTDs, pressure bridges, flow meters 

• 4mA TO 20mA LOOP ISOLATION 

• MOTOR AND SCR CONTROL 

• GROUND LOOP ELIMINATION 

• DIOMEDICAL/ANALYTICAL MEASUREMENTS 

• POWER PLANT MONITORING 

• DATA ACQUISITION/TEST EQUIPMENT ISOLATION 

• MILITARY EQUIPMENT 



+Vcci - 
-Vcci - 
Gam- 
Adjust 



Isolation 
Barrier 



Offset 
Adjust - 



- +VcC2 
VcC2 

-Digital 
Common 



ty 



Referencei — 



Commonr 



+5V — References 



-CommoHa 



Covered by Patent Nos. 4,748,419 and others pending 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25''C and Vcci = Vcc2 = ±15V unless otherwise noted. 







ISO102, ISO106 




PARAMETER 


CONDITIONS 


ISO102B. ISO106B 


UNITS 


MIN 


TYP 


MAX 


ISOLATION 












Voltage 












Rated Continuous"' 












ISO102: AC. 60Hz 


Tmin to Tmax 


1500 






Vrms 


DC 


Tmin to Tmax 


2121 






VDC 


ISO106- AC. 6OH2 


Tmin to Tmax 


3500 






Vrms 


DC 


Tmin tO Tmax 


4950 






VDC 


Test Breakdown, AC, 60Hz 












ISO102 


10 seconds 


4000 






Vrms 


ISO106 


10 seconds 


8000 






Vpk 


Isolation-Mode Rejection'^' 


Viso = Rated Continuous, 60Hz 










AC- ISO102 




115 


120 
1 


2 


dB 
/iVrms/V 


ISO106 




125 


130 




dB 








03 


06 


yuVrms/V 


DC 




140 


160 




dB 








0.01 


010 


/wVDC/V 


Barrier Resistance 






lO''' 




Q 


Barrier Capacitance 






6 




PF 


Leakage Current 


V,so = 240Vrms, 60Hz 




05 


10 


//Arms 


INPUT 












Voltage Range 


Rated Operation 


-10 




+10 


V 


Resistance 




75 


100 




kO 


Capacitive 






5 




pF 


OUTPUT 












Voltage Range 


Rated Operation 


-10 




+10 


V 




Derated Operation 


-12 




+12 


V 


Current Drive 




±5 






mA 


Short Circuit Current 




9 


20 


50 


mA 


Ripple Voltage'^' 


f = 0.5MHz to 1 5MHz 




3 




mVp-p 


Resistance 






0.3 


1 


Q 


Capacitive Load Drive Capability 




10000 






pF 


Overload Recovery Time, 0.1% 


|Vo|>12V 




30 




yus 


OUTPUT VOLTAGE NOISE 












Voltage f = 0.1Hz to 10Hz 






50 




/jyp-p 


f = 0.1Hz to 70kHz 






16 




//V/\/Hz 


Dynamic Range'^': f = 1Hz to 70kHz 


12-bit resolution, 1LSB, 20VFS 




74 




dB 


f = 01Hz to 280Hz 


16-bit resolution, 1LSB, 20VFS 




96 




dB 


FREQUENCY RESPONSE 












Small Signal Bandwidth 






70 




kHz 


Full Power Bandwidth, 1% THD 


Vo = ±10V 




5 




kHz 


Slew Rate 


Vo = ±10V 




05 




V/yus 


Settling Time. 0.1% 


Vo = -10V to +10V 




100 




MS 


Overshoot. Small Signal'^' 


Ci = C2 = 




40 




% 


VOLTAGE REFERENCES 












Voltage Output. Ref1.Ref2 


No Load 


+4 975 


+5 00 


+5 025 


VDC 


B Grade 


No Load 


+4 995 


+5 00 


+5 005 


VDC 


vs Temperature 






±5 


20 


ppm/°C 


vs Supplies 






10 




//V/V 


vs Load 






400 


1000 


tjN/mk 


Current Output 




-01 




+5 


mA 


Short Circuit Current 




6 


14 


30 


mA 


POWER SUPPLIES 












Rated Voltage, ±Vcci, ±Vcc2 


Rated Performance 




±15 




V 


Voltage Range 




±10 




±20 


V 


Quiescent Current +Vcci 


No Load 




+11 


+15 


mA 


-Vcci 






-9 


-12 


mA 


+VCC2 






+25 


+33 


af?A 


-VCC2 






-15 


-20 


mA 


Power Dissipation: ±Vcci 






300 


400 


mW 


±VcC2 






600 


800 


mW 


TEMPERATURE RANGE 












Specification 




-25 




+85 


*°c 


Operating'" 




-55 




+125 


°C 


Storage 




-65 




+150 


»C 


Thermal Resistance, ^ja, 






40 




°C/W 
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ELECTRICAL (CONT) 



PARAMETER 


CONDITIONS 


ISO102 


ISO102B 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


GAIN 


















Nominal Gain 






1 






* 




v/v 


Initial Error'^' 






±0 1 


±0.25 




0.07 


013 


% FSR 


Gam vs Temperature 






±20 


±50 




±12 


±25 


ppm FSR/°C 


Nonlinearity'*' 


Vo = 10V to +10V 




±0.007 


±0.012 




±0.002 


±0.003 


% FSR 


INPUT OFFSET VOLTAGE 


















Initial Offset 


V,N = OV 




±25 


±70 




±15 


±25 


mV 


vs Temperature 






±250 


±500 




±150 


±250 


fjvrc 


vs Power Supplies"*' 


Input Stage, Vcci = ±10V to ±20V 





1 4 


4.0 


* 


* 


* 


mV/V 




Output Stage, Vcc2 = ±10V to ±20V 


-4.0 


-1.4 





* 


* 


* 


mV/V 




PARAMETER 


CONDITIONS 


ISO106 


ISO106B 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


GAIN 


















Nominal Gain 






1 






* 




V/V 


Initial Error'^' 






±0 1 


±0 25 




0.07 


* 


% FSR 


Gain vs Temperature 






±20 


±50 




±12 


±25 


ppm FSR/°C 


Nonlinearity'*' 


Vo = 10V to +10V 




±0 04 


±0 075 




±0 007 


±0 025 


% FSR 


INPUT OFFSET VOLTAGE 


















Initial Offset 


V,N = OV 




±25 


±70 




* 


* 


mV 


vs Temperature 






±250 


±500 




±160 


±250 


//V/°C 


vs Power Supplies'*' 


Input Stage, Vcci = ±10V to ±20V 
Output Stage, Vcca = ±10V to ±20V 




37 
-3 7 






* 




mV/V 
mV/V 



NOTES. (1) 100% tested at rated continuous fori minute (2) Isolation-mode rejection is the ratio of the change in output voltage to a change in isolation 
barrier voltage It is a function of frequency as shown in the Typical Performance Curves This is specified for barrier voltage slew rates not exceeding 
100V/A/S. (3) Adjustable to zero FSR = Full Scale Range = 20V (4) Nonlmearity is the peal< deviation of the output voltage from the best fit straight line. It 
IS expressed as the ratio of deviation to FSR (5) Power Supply Rejection = change in Vos/20V supply change (6) Ripple is the residual component of 
the barrier carrier frequency generated internally (7) Dynamic Range = FSR/(Voltage Spectral Noise Density X square root of User Bandwidth.). 
(8) Overshoot can be eliminated by band-limiting (9) See Typical Performance Curve E for limitations 

ABSOLUTE MAXIMUM RATINGS 



Supply Without Damage ±20V 

Input Voltage Range ±50V 

Continuous Isolation Voltage Across Barrier 

ISO102 1500Vrms 

ISO106 3500Vrms 

Junction Temperature +160°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (soldering, 10s) +300''C 

Amplifier and Reference Output 
Short Circuit Duration Continuous to Common 



BURN-IN SCREENING 

Burn-in screening is available for the ISO 102 and 
ISO106. Burn-in duration is 160 hours at +85°C (or the 
equivalent combination of time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burnrin, add "-BF* to the 
base model number. 



MECHANICAL 



IS0102 24-Pin Double-Wide Hermetic DIP 

124^23 ^~ 



14113 



U L -liM 





1 


r ' 


rfjiinirnip fnifniirnr 


t1 ♦ c 


L-l Lg 


UY 


r 


I'Ni k 


\ 

D»lk Seat 


ng Plane 



CASE. Ceramic 
WEIGHT 3 7g (0.13oz) 



NOTE. Leads in true position 
within 01" (0.25mm) R at MMC 
at seating plane 



Pin numbers shown for reference 
only Numbers may not be marked 
on package. 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1190 


1210 


30 23 


30 73 


B 


,. 580 


600 


14 73 


15 24 


C 


140 


185 


3.56 


4 70 


D 


015 


021 


38 


53 


F 


030 


060 


76 


152 


G 


100 BASIC 


2 54 BASIC 1 


H 


030 


070 


76 


178 


J 


008 


012 


20 


030 


K 


120 


240 


3 05 


610 


L 


600 BASIC 


15 24 BASIC 1 


M 


— 


10» 


— 


10° 


N 


025 


060 


064 


152 



ISO106 



40-Pin Double-Wide Hermetic DIP 



40 






I 

B 








o1 




20 


uu 


rN 



w 



^. 



^S' 



^i! 



_L *1m 



CASE Ceramic 
WEIGHT 6 2g(0 22oz) 



NOTE: Leads in true position 
within 0.01" (0.25mm) R at MMC 
at seating plane 



Seating Plane 



Pin numbers shown for reference 
only. Numbers may not be marked 
on package 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1980 


2 020 


50 29 


5131 


B 


580 


600 


14 73 


15 24 


C 


140 


185 


3 56 


4 70 


D 


015 


. 021 


038 


53 


F 


030 


060 


076 


152 


G 


100 BASIC 


2 54 BASIC 1 


H 


030 


070 


76 


178 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


olO 


L 


600 BASIC 


15 24 BASIC 


M 


_ 


10° 


— 


10° 


N 


025 


060 


j64 


152 
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PIN CONFIGURATION 







ISO102 






ISO106 




isolation 


-Vcci 1 24 

V,N 2 23 

Gam Adjust 3 22 

Commoni 4 21 


+Vcci 

Offset Adjust 
Offset 
Referencei 


-Vcci 

V,N 

Gain Adjust 
Isolation Common, ^ 


' 1 40 +Vcci 

2 39 Offset Adjust 

3 38 Offset 

4 37 Reference, 


Barrier 


Ci 9 16 

Common2 10 15 

Reference2 11 14 

+Vcc2 12 13 


Digital Common 

C2 

VouT 
-VCC2 


Barrier _ 
Ci 

Common2 

Reference2 

+VCC2 


17 24 Digital Common 

18 23 C2 

19 22 VouT 

20 21 -Vcc2 



(P 
o 

CNi 

o 
O 

CO 



PIN DESCRIPTIONS 



±Vcci, 
Common, 



Positive and negative power supply voltages and common (or ground) for the input stage Common, is the analog reference voltage for 
input signals. 



±VCC2, 

Common2 



Positive and negative power supply voltages and common (or ground) for the ouptut stage Common2 is the analog reference voltage 
for output signals The voltage between Common, and Common2 is the isolation voltage and appears across the internal high voltage 
barrier 



Signal input pin Input impedance is typically lOOkfii. The input range is rated for ±10V. The input level can actually exceed the input 
stage supplies Output signal swing is limited only by the output supply voltages 



I 

O 
O 
QC 
Q. 

Z 

o 
o 

(0 



Gam 
Adjust 



This pin is an optional signal input A series 5kO potentiometer between this pin and the input signal allows a guaranteed ±1 5% gain 
adjustment range. When gain adjustment is not required, the Gain Adjust should be left open Figure 4 illustrates the gain adjustment 
connection 



+5V reference output This low drift zener voltage reference is necessary for setting the bipolar offset point of the input stage. This pin 
must be strapped to eitlier Offset or Offset Adjust to aliow tlie isoiation ampiifier to function. The reference is pften useful for input 
signal conditioning circuits. See Typical Performance Curve H for the effect of offset voltage change with reference loading. Reference, 
is identical to, but independent of, Reference2 This output is short circuit protected. 



Reference2 



+5V reference output. This reference circuit is identical to, but independent of. Reference,. It controls the bipolar offset of the output 
stage through an internal connection This output is short circuit protected. 



Offset 



Offset input This input must be strapped to Reference, unless user adjustment of bipolar offset is required. 



Offset 
Adjust 



This pin IS for optional offset control When connected to the Reference, pin through a IkQ potentiometer, ±150mV of adjustment 
range is guaranteed Under this condition, the Offset pin should be connected to the Offset Adjust pin When offset adjustment is not 
required, the Offset Adjust pin is left open See Figure 4 



Digital 
Common 



Digital common or ground. This separate ground carries currents from the digital portions of the output stage circuit. The best 
grounding practices require that digital common current does not flow in analog common connections In most systems the physical 
connection between analog and digital commons must be at the system power supplies terminal to insure digital noise is kept out of 
the analog signal Difference in potentials between the Common2 and Digital Common pins can be ±1V See Figure 2 



VoUT 



Signal output Because the isolation amplifier has unity gain, the output signal is ideally identical to the input signal The output is low 
impedance and is short-circuit-protected 



C,,C2 



Capacitors for small signal bandwidth control. These pins connect to the internal rolloff frequency controlling nodes of the output low- 
pass filter Additional capacitance added to these pins will modify the bandwidth of the buffer. C2 is always twice the value of C, See 
Typical Performance Curve 8 for the relationship between bandwidth and C, and C2. When no connections are made to these pins, the 
full small signal bandwidth is maintained. Be sure to shield C, and C2 pins from high electric fields on the PC board This preserves AC 
Isolation Mode Rejection by reducing capacitive coupling effects 



ORDERING INFORMATION 



Model 


Pacicage 


Temperature 
Range 


ISO102 
ISO102B 
ISO106 
ISO1068 


Ceramic 
Ceramic 
Ceramic 
Ceramic 


-25°Cto+85°C 
-25°Cto+85°C 
-25°Cto+85°C 
-25°Cto+85°C 


BURN-iN SCREENING OPTION 

See text for details 


Model 


Package 


Burn-In 
(160h)"' 


ISO102-8I 
ISO102B-BI 
IS01 06-81 
IS01 068-81 


Ceramic 
Ceramic 
Ceramic 
Ceramic 


+85° C 
+85° C 
+85° C 
+85° C 



NOTE (1) Or equivalent combination. See text 
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TYPICAL PERFORMANCE CURVES 

Ta = +25° C, Vcc = ±15VDC unless otherwise noted 



A. RECOMMENDED RANGE 
OF ISOLATION VOLTAGE 



B. BANDWIDTH CONTROL 
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IMR/LEAKAGE VS FREQUENCY 
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D GAIN ERROR/OFFSET 
ISOLATION VOLTAGE 







1 1 






T = 


MIN to 


Tmax 




Gain 














9tfset 



























E POWER DISSIPATION 




VS TEMPERATURE 


-1600 


.. _ 


?'0W) 


+2 t 




A V- 


.-Slope = 


>| 1.400 
3 -2 1.200 

01000 


1.178 \N «A 
Pd max - ^ 


djA = 40°C/W 


3 E 
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F DYNAMIC RANGE VS BANDWIDTH 
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Isolation Voltage (V) 
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See Bandwidth 
Control curve B 
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Fig. 4 
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S 



-55 +85 +95 +1051+115+125 
Ambient Temperature ("C) 



BW-1 10 100 Ik 10k 100k 
Small Signal Bandwidth (Hz) 
3//F 0.3/uF .03//F 3nF 300pF 
Bandwidth Control Capacitors 



CI 



G. OUTPUT SPECTRAL NOISE DENSITY 
Reference Signal = OdBV 



1 PWR SPEC A 


-95.9dBV/>/H2 31.375kHz 1 


In 128 


125Hz 


1 


■ span OOOOHz -50000kHz 


1 


|SN: OdBV 


FS -47.00dBV 


„5<!B/| 







- 50k 



Frequency (Hz) 



EFFECT OF REFERENCE LOADING 
ON OFFSET 
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TYPICAL PERFORMANCE CURVES (CONT) 



Ta = +25° C, Vcc = ±15VDC unless otherwise noted. 



LARGE SIGNAL TRANSIENT 
RESPONSE 



K GAIN FLATNESS vs FREQUENCY 



L GAIN/PHASE VS FREQUENCY 




100 200 300 
Time (//s) 



1 1 
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THEORY OF OPERATION 

The ISO102 and ISO106 have no galvanic connection 
between the input and output. The analog input signal 
referenced to the input common is accurately duplicated 
at the output referenced to the output common. Because 
the barrier information is digital, potentials between the 
two commons can assume a wide range of voltages and 
frequencies without influencing the output signal. Signal 



information remains undisturbed until the slew rate of 
the barrier voltage exceeds 100V//xs. The amplifier is 
protected from damage for slew rates up to 100,000V/ /xs. 

A simplified diagram of the ISO102 and ISO106 is shown 
in Figure 1. The design consists of an input voltage- 
controlled oscillator (VCO) also known as a voltage-to- 
frequency converter (VFC), differential capacitors, and 
output phase lock loop (PLL). The input VCO drives 
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FIGURE 1. Simplified Diagram of ISO102 and ISO106. 
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digital levels directly into the two 3pF barrier capacitors. 
The digital signal is frequency modulated and appears 
differentially across the barrier while the externally 
applied isolation voltage appears common-mode. 

A sense amplifier detects only the differential informa- 
tion. The output stage decodes the frequency modulated 
signal by the means of a PLL. The feedback of the PLL 
employs a second VtO that is identical to the encoder 
VCO. The PLL forces the second VCO to operate at the 
same frequency (and phase) as the encoder VCO; there- 
fore, the two VCOs have the same input voltage. The 
input voltage of the decoder VCO serves as the isolation 
buffer's output signal after passing through a 100k Hz 
second order active filter. 

For a more detailed description of the internal operation 
of the ISO102 and ISO106 refer to Proceedings of the 
1987 International Symposium on Microelectronics 
pages 202-206. 

ABOUT THE BARRIER 

For any isolation product, barrier composition is of 
paramount importance in achieving high reliability. Both 
the ISO102 and ISO106 utilize two 3pF high voUage 
ceramic coupling capacitors. They are constructed of 
tungsten thick film deposited in a spiral pattern on a 
ceramic substrate. Capacitor plates are buried in the 
package, making the barrier very rugged and hermetically 
sealed. Capacitance results from the fringing electric 
fields of adjacent metal runs. Dielectric strength exceeds 
lOkV and resistance is typically 10 '''O. Input and output 
circuitry are contained in separate solder-sealed cavities, 
resulting in the industry's first fully hermetic hybrid 
isolation amplifier. 

The ISO102 and ISO106 are free from partial discharge 
at rated voltages. Partial discharge is a form of localized 
breakdown that degrades the harrier over time. Since it 
does not bridge the space across the barrier, it is difficult 
to detect. Both isolation amplifiers have been extensively 
evaluated at high temperature and high voltage. 

POWER SUPPLY AND SIGNAL CONNECTIONS 

Figure 2 shows the proper power supply and signal 
connections. Each supply should be AC-bypassed to 
Analog Common with O.l/uF ceramic capacitors as close 
to the amplifier as possible. Short leads will minimize 
lead inductance. A ground plane will also reduce noise 
probleips. Signal common lines should tie directly to the 
common pin if a low impedance ground plane is not used. 
Refer to Digital Common in the Pin Descriptions table. 
To avoid gain and isolation-mode rejection (IMR) errors 
introduced by the external circuit, connect grounds as 
indicated, being sure to minimize ground resistance. Any 
capacitance across the barrier will increase AC leakage 
current and may degrade high frequency IMR. The 
schematic in Figure 3 shows the proper technique for 
wiring analog and digital commons together. 
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FIGURE 2. Power Supply and Signal Connection for 
ISO102 and ISO106. 
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Cext2 and R have a direct effect. 

*Part of ground plane to reduce voltage drops 



FIGURE 3. Technique for Wiring Analog arid Digital 
Commons Together in the ISO 102 and 
ISO106. 
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DISCUSSION OF 
SPECIFICATIONS 

The ISO102 and ISO106 are unity gain buffer isolation 
amplifiers primarily intended for high level input voltages 
on the order of IV to lOV. They may be preceded by 
operational, differential, or instrumentation amplifiers 
that precondition a low level signal on the order of 
millivolts and translate it to a high level. 

ISOLATION-MODE REJECTION 

The ISO102 and ISO106 provide exceptionally high 
isolation-mode rejection over a wide range of isolation- 
mode voltages and frequencies. The typical performance 
curves should be used to insure operation within the 
recommended range. The maximum barrier voltage 
allowed decreases as the frequency of the voltage 
increases. As with all isolation amplifiers, a change of 
voltage across the barrier will induce leakage current 
across the barrier. In the case of the ISO102 and ISO106, 
there exists a threshold of leakage current through the 
signal capacitors that can cause over-drive of the 
decoder's sense amplifier. This occurs when the slew rate 
of the isolation voltage reaches 100 V/ /zs. The output will 
recover in about 50/lis from transients exceeding lOOV/ jus. 
Typical Performance Curve C indicates the expected 
isolation-mode rejection over a wide range of isolation 
voltage frequencies. Also plotted is the typical leakage 
current across the barrier at 240Vrms. The majority of 
the leakage current is between the input common pin 
and the output digital ground pin. 

The ISO102 and ISO106 are intended to be continuously 
operated with fully rated isolation voltage and tempera- 
ture without significant drift of gain and offset. See 
performance curve D for changes in gain and offset with 
isolation voltage. 

SUPPLY AND TEMPERATURE RANGE 

The ISO102 and ISO106 are rated for ±15V supplies; 
however, they are guaranteed to operate from ±10V to 
±20V. Performance is also rated for an ambient tempera- 
ture range of — 25°C to +85°C. For operation outside 
this temperature range, refer to performance curve E to 
establish the maximum allowed supply voltage. Supply 
currents are fairly insensitive to changes in supply voltage 
or temperature. Therefore, the maximum current limits 
can be used in computing the maximum junction temp- 
erature under nonrated conditions. 

OPTIONAL BANDWIDTH CONTROL 

The following discussion relates optimum dynamic range 
performance to bandwidth, noise, and settling time. 
The outputs of the ISO102 and ISO106 are the outputs of 
a second order low-pass Butterworth filter. Its low 
impedance output is rated for ±5mA drive and ±12V 
range with 10,000pF loads. The closed-loop bandwidth 
of the PLL is 70kHz, while the output filter is internally 



set at 100k Hz. The output filter lowers the residual 
voltage of the barrier FM signal to below the noise floor 
of the output signal. 

Two pins are available for optional modification of the 
filter's bandwidth. Only two capacitors are required. 
Performance curve B gives the value of Ci (C2 is equal to 
twice Ci) for the desired bandwidth. Figure 4 illustrates 
the optional connection of both capacitors. 
A tradeoff can be achieved between the required signal 
bandwidth and system dynamic range. The noise floor of 
the output limits the dynamic range of the output signal. 
The noise power varies with the square root of the 
bandwidth of the buffer. It is recommended that the 
bandwidth be reduced to about twice the maximum 
signal bandwidth for optimum dynamic range as shown 
in performance curve F. The output spectral noise 
density measurement is displayed in performance curve 
G. The noise is flat to within 5dB\/Hz between 0.1 Hz to 
70kHz. 

The overall AC gain of the buffer amplifiers is shown in 
performance curves K and L. Note that with Ci = lOOpF 
and C2 = 200pF, the AC gain remains flat within 
±0.01dB up to 7kHz. The total harmonic distorfion for 
large signal sine wave outputs is plotted in performance 
curve I. The phase-lock-loop displays slightly nonuniform 
rise and fall edges under maximum slew conditions. 
Reducing the output filter bandwidth to below 70kHz 
smoothes the output signal and eliminates any overshoot. 
See the settling time performance curve J. 

OPTIONAL OFFSET AND GAIN ADJUSTMENT 

In many applications the factory-trimmed offset is 
adequate. For situations where reduced or modified gain 
and offset are required, adjustment of each is easy. The 
addition of two potentiometers as shown in Figure 4 
provides for a two step calibration. 
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FIGURE 4. Optional Gain Adjust, Offset Adjust, and 
Bandwidth Control. 
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Offset should be adjusted first. Gain adjustment does not 
interfere with offset. The potentiometer's TCR adds only 
2% to overall temperature drift. 

The offset and gain adjustment procedures are as follows: 

1. Set ViN to OV and adjust Ri to desired offset at the 
output. 

2. Set ViN to full scale (not zero). Adjust R2 for desired 
gain. 



--vi tyi ici OUT 



PRINTED CIRCUIT BOARD LAYOUT 

The distance across the isolation barrier, between external 
components, and conductor patterns, should be maxi- 
mized to reduce leakage and arcing at high voltages. 
Good layout techniques that reduce stray capacitance 
will assure low leakage current and high AC I MR. For 
some applications, applying conformal coating com- 
pound such as urethane is useful in maintaining good 
performance. This is especially true where dirt, grease or 
moisture can collect on the PC board surface, component 
surface, or component pins. Following this industry- 
accepted practice will give best results, particularly when 
circuits are operated or tested in a moisture-condensing 
environment. Optimum coating can be achieved by 
administering urethane under vacuum conditions. This 
allows complete coverage of all areas. 

Figure 5 shows the recommended layout of the DEM102 
demonstration board. This board contains the ISO102 
and PWS725. The PWS725 is a DC-to-DC converter 
with a rated barrier voltage of 1500Vrms. It provides 
isolated power for the ISO102's input stage and other 
input circuitry that may be used. The DEM 102 board 
illustrates the ease of use of these components. Notice 
that the ISO102's external high voltage spacing is 
maintained on both sides of the PC board layout. The 
placement of bypass capacitors, gain and offset poten- 
tiometers, and the PWS725's input ripple filter com- 
ponents are shown. The DEM 106 layout in Figure 6 is 
similar to the DEM102. It contains the ISO106 and 
PWS726, which is rated for 3500Vrms. The schematic of 
both demonstration boards appears in Figure 7. Boards 
are available from Burr-Brown to facilitate fast, easy 
evaluation of electrical and isolation performance. 

Isolation-mode, rejection can be affected by the PC 
board layout. The most critical pins for obtaining maxi- 
mum IMR are Ci and C2. These are the only high 
impedance nodes under normal operation and can be 
influenced by the barrier's voltage if not shielded. 
Grounded rings around the Ci and C2 contacts on the 
board greatly reduce high voltage electric fields at these 
pins. Maximum IMR is achieved when a ground plane is 
provided on both sides of the Ci, C2 interconnect. 



DEM 102 



FIGURE 5. Recommended Layout for ISO102 and 

PWS725 (Demonstration Board DEM102). 




FIGURE 6. Recommended Layout for ISO106 and 

PWS726 (Demonstration Board DEM106). 
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FIGURE 7. Schematic for Layout in Figures 5 and 6. 

APPLICATIONS 

The ISO102 and ISO104 isolation amplifiers are used in 
three categories of applications: 

1 . accurate isolation of signals from high voltage ground 
potentials, 

2. accurate isolation of signals from severe ground noise, 
and 

3. fault protection from high voltages in analog measure- 
ment systems. 

Figures 8 through 18 show a variety of application 
circuits. 

Additional discussion of application can be found in 
December 11, 1986 issue of Electronic Design, pages 91- 
96. 



+500VDC +15V ^_-|5v 

100A 




16 j -A- Analog 

Ground Plane 



ADC574 I^^ 



:y 



Power 
Supply 



FIGURE 8. Isolated Power Current Monitor for Motor 
Circuit. (The ISO102 allows reliable safe 
measurement at high voltages.) 
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FIGURE 9. Isolated Power Line Monitor (0.5mA 
leakage current at 120Vrms.) 




FIGURE 10. Battery Monitor for High Voltage Charging 
Circuit. 
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FIGURE 11. Isolated RTD Temperature Amplifier. 
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FIGURE 12. Programmable-Gain Isolation Channel 
with Gains of 1, 10, and 100. 
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FIGURE 13. Isolation Amplifier with Isolated Bipolar 
Input Reference. 
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FIGURE 14. Low Cost Eight-Channel Isolation Amplifier Block with Channel-to-Channel Isolation. 
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FIGURE 15. Thermocouple Amplifier with Ground Loop Elimination, Cold Junction Compensation, and Up- 
scale Burn-out. 
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FIGURE 16. Remote Isolated Thermocouple Transmitter with Cold Junction Compensation. 
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FIGURE 17. Isolated Instrumentation Amplifier for 300n Bridge. (Reference voltage from isolation amplifier is used 
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FIGURE 18. Right-Leg Driven ECG Amplifier (with defibrillator protection and calibrator). 
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AN ERROR ANALYSIS OF THE ISO102 IN A 
SMALL SIGNAL MEASURING APPLICATION 

High accuracy measurements of low-level signals in the 
presence of high isolation mode voltages can be difficult 
due to the errors of the isolation amplifiers themselves. 
This error analysis shows that when a low drift operational 
amplifier is used to preamplify the low-level source signal, 
a low cost, simple and accurate solution is possible. 
In the circuit shown in Figure 19, a 50mV shunt is used to 
measure the current in a 500VDC motor. The OPA27 
amplifies the 50mV by 200 X to lOV full scale. The output 
of the OPA27 is fed to the input of the ISO102, which is a 
unity-gain isolation amplifier. The SkH and IkO poten- 
tiometers connected to the ISO102 are used to adjust the 
gain and offset errors to zero as described in Discussion 
of Specifications. 



Some Observations 

The total errors of the op amp and the iso amp combined 
are approximately 0.11% of full-scale range (see Figure 
20). If the op amp had not been used to preamplify the 
signal, the errors would have been 2.6% of FSR. Clearly, 
the small cost of adding the op amp buys a large 
performance improvement. Optimum performance, 
therefore, is obtained when the full ±10V range of the 
ISO102/ 106 is utilized. 

The rms noise of the 1SO102 with a 120Hz bandwidth is 
only O.lSmVrms, which is only 0.0018% of the lOV full- 
scale output. Therefore, even though the 16/xV/ \/Hz noise 
spectral density specification may appear large compared 
to other isolation amplifiers, it does not turn out to be a 
significant error term. It is worth noting that even if the 
bandwidth is increased to lOkHz, the noise of the iso amp 
would only contribute 0.016%FSR error. 
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FIGURE 19. 50mV Shunt Measures Current in a 500VDC Motor. 
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The Errors Of The Op Amp At 25°C (Referred To input, RTI) 



,. = Vo I 1 - 1 + 1 I + Vos I 1 + -^ I + Ib Ri + P.S R + Noise 
L )8 AvoL J L ""^ J 

,1 = Total Op Amp Err 

Differential Voltage (F 



Ve iopa) = Total Op Amp Error (RTI) 

Vo = Differential Voltage (Full Scale) Across Shunt 



= Gam Error Due to Finite Open Loop Gam 



^ = Feedback Factor 

AvoL = Open Loop Gain at Signal Frequency 
Vos = Input Offset Voltage 
Ib = Input Bias Current 

P S R == Power Supply Rejection (//V/V) [Assuming a 5% change with ±15V supplies. Total error is twice that due to one supply] 
Noise = SnVvlHz (for 1kO source resistance and 1kHz bandwidth) 
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The Errors Of The ISO Amp At 25X (RTI) 



Ve 'ISO) = ^ [-^ + Vos + G E + Nonlmearity + P S R + Noise] 



Ve (ISO) = Total ISO Amp Error 

IMR = Isolation Mode Rejection 

Vos = Input Offset Voltage 

Viso = ViMv = Isolation Voltage = Isolation Mode Voltage 

G E = Gam Error (% of FSR) 

Nonlmearity = Peak-to-peak deviation of output voltage from best-fit straight line It is expressed as ratio based on full-scale range 

P S R = Change in Vos/10V X Supply Change 

Noise = Spectral noise density X ^/bandwidth It is recommended that bandwidth be limited to twice maximum signal bandwidth for optimum dynamic range 
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FIGURE 20. Op Amp and Iso Amp Error Analysis. 
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ISO103 

ISO107 



ADVANCE INFORMATION 
SUBJECT TO CHANGE 



Low-Cost, High-Voltage, Internally Powered 
ISOLATION AMPLIFIER 



FEATURES 

• SIGNAL AND POWER IN ONE PACKAGE: 
Double-Wide ISO103, Triple-Wide ISO107 

• CONTINUOUS AC BARRIER RATINGS: 
ISO103: ISOOVrms, ISO107: 2500Vrms 

• WIDE INPUT SIGNAL RANGE: -10V to 
+10V 

• WIDE BANDWIDTH: 30kHz Small 
Signal,10kHz Full Power 

• BUILT-IN ISOLATED POWER: ±10V to 
±18V Input, ±25m A Output 

• MULTI-CHANNEL SYNCHRONIZATION 
CAPABILITY 



APPLICATIONS 



• MULTI-CHANNEL ISOLATED DATA 
ACQUISITION 

• BIOMEDICAL INSTRUMENTATION 

• POWER SUPPLY AND MOTOR CONTROL 

• GROUND LOOP ELIMINATION 

ISO103/107 BLOCK DIAGRAM 




DESCRIPTION 

The ISO103 and ISO107 isolation amplifiers provide 
both signal and power across an isolation barrier. The 
products are differentiated by package size and barrier 
voltage rating. The ceramic side-brazed hybrid pack- 
age contains a transformer-coupled DC/DC converter 
and a capacitor-coupled signal channel. A proprietary 
800kHz oscillator chip, power MOSFET transformer 
drivers, patented square core wkebonded transformer, 
and single chip diode bridge provide power to the 
input side of the isolation amplifier as well as external 
loads up to ±25mA. 

Extra features include short-circuit protection, soft start, 
multi-channel synchronization, ±10V to ±18V input 

international Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (602) 746-1111 * 'nivx:910-952-1111 • Cable: BBRCORP • Telex: 66-6491 • FAX: (602) 889-1510 



supply range, and 1500Vrms (ISO103) or 2500Vrms 
(ISO107) isolation voltage rating. 

The signal channel capacitively couples a duty cycle 
encoded signal across the ceramic high-voltage barrier 
built into the package. A proprietary transmitter/re- 
ceiver pair of integrated circuits, laser trimmed at wafer 
level, are coupled through a pair of matched "fringe** 
capacitors. The result is a simple, reliable design that 
rejects common mode transients. The duty cycle modu- 
lator is synchronized to the DC/DC converter to elimi- 
nate beat frequency interference between the power 
converter and signal channel. 
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ADVANCE INFORMATION i 
SPECIFICATIONS 

ELECTRICAL 

At \ - +2S°C and V,,,, - 11 SV, ±15niA output cunent unless otherwise noted. 
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Rated Voltage. V^c, 






±15 




V 


Voltage Range 




±10 




±18 


V 


Input Cun-ent 


lo»±15mA 




+90/-3 




mA 


Ripple Cun-ent 


No Filter 




150 




mAp-p 




C„-1HF 




60 




mAp-p 




pi Filter 




5 




mAp-p 


Rated Output Voltage 






±15 




V 


Otflput Current 


Balanced Load 




±15 




mA 




Single 




30 




mA 


Load Regulation 






0.5 




%/mA 


Une Regulation 






1.15 




VA/ 








10 




mV/°C 


Voltage Balance, ±\/^, 






0.5 




% 


Voltage Ripple (800kHz) 


No External Capacitors 




60 




mVp-p 


Output Capacitive Load 






1 




HF 


TEMPERATURE RANGE 












Specification 




-25 




•f85 


»C 


Operating 




-25 




+85 


»C 


Storage 




-25 




+125 


«C 



NOTE: (1) Conforms to VDE0884 test methods. Tested at 1 .6 x rated voltage; PD s 5pC. 
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MECHANICAL 



ISO103 ~ 24-PIn Double-Wide DIP 





A 




24 


13 


1 

B 






1 


12 





-1 


I^F 






-N 


*f1 

L -J 


n \ 




\ ftftfltinn PI 


C 


1 


K 





INCHES 


MILUMETERSI 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


1.180 


1.220 


29.97 


30.99 


B 


.580 


.600 


14.73 


15.24 


C 


.310 


.370 


7.87 


9.40 


D 


.016 


.020 


0.41 


0.51 


F 


.040 TYP 


1.02 TYP 


G 


.100 BASIC 


2.54 BASIC 


H 


.044 


.056 


1.12 


1.42 


J 


.009 


.012 


0.23 


0.30 


K 


.165 


.185 


4.19 


4.70 


L 


.600 


.620 


15.24 


15.75 


N , 


.040 


.060, 


1:02 


1.52,,, 



NOTE: Leads In true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 



ISO107- 


-32-PlnTrlple-WldeDIP 














NOTE: 1 eads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 










INCHES 


MILLIMETERS 






DIM 


MIN 


MAX 


MIN 


MAX 


32 17 
1 16 




A 


1.580 


1.620 


40.13 


41.15 


B 


B 


.880 


.900 


22.35 


22.86 


C 


.310 


.370 


787 


9.40 


D 


.016 


.020 


0.41 


0.51 


F 


.040 TYP 


1.02 TYP 





.100 BASIC 


2.54 BASIC 






H 


.044 


.056 


1.12 


1.42 







J 


.009 


.012 


0.23 


0.30 




K 


.150 


.185 


3.81 


4.70 


L 


.900 


.920 


22.86 


23.37 


N 


.040 


.060 


1.02 


1.52 




11 I — 


IN 












nnh'n nnnnll 


c 

K 






iLJ LJ LJ LJ LJ LJJ.JJ.J 






H- 




t 


. 








^Se 


ating P 


1 
ane 


« .. 1. 











ABSOLUTE MAXIMUM RATINGS 



Supply Without Damage ±18V 

V,^, Sense Voltage ±50V 

Signal Common to Gnd 2 ±200mV 

Enable, Sync OV to +Vcc2 

Continuous Isolation Voltage 

ISO103 ISOOVmis 

ISO107 2500Vrms 

V,so.dv/dt 20kV/ns 

Junction Temperature ISO^C 

Storage Temperature -25''C to +125°C 

Lead Temperature.l Os 300°C 

Output Short to Gnd 2 Duration Continuous 

±V..,toGnd 1 Duration Continuous 
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ADVANCE INFORMATION SUBJECT TO CHANGE 

PIN CONFIGURATION 



ISO103 


ISO107 


+Vc|T 




S|nc 


NC|T 




Hmc 


+Vcc,I7 




SJQndl 


+Vec, [7 




J] Gnd 1 


-Vcc, [T 




iv^ 


Nc|T 




i|v« 


-VcE 




21] Com 1 


-Vcci E 




S]com1 


Com2[T 




il-Veca 


Com2|l3 




U-Vcc, 


Vout[iO 




lisync 


VourE 




Iflsync 


Sense [lT 




m+v,^ 


Sense |i5 




l^v,,. 


Qnd2[l2 




13| Enable 


Qnd2[J6 




17| Enable 



























o 



f2 

o 

3 
Q 
O 

oc 
a. 

z 
o 

o 

CO 
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BURR-BRO>VISF 




ISO108 

ISO109 



ADVANCE INFORMATION 
SUBJECT TO CHANGE 



Isolated 
VOLTAGE-TO-FREQUENCY CONVERTER 



FEATURES 

• ISOLATED VFC IN HERMETIC DIP 

• HIGH-VOLTAGE AC RATINGS: 
ISO108: ISOOVrms, ISO109: 2500Vrms 

• HIGH TRANSIENT IMMUNITY: lOkV/^s 

• LOW BARRIER LEAKAGE CURRENT: 
0.5^iA 

• HIGH LINEARIJY AT HIGH FREQUENCY: 
0.01% at 1MHz 

• VOLTAGE REFERENCE OUTPUT: 5VDC 

• MULTIPLEXED OUTPUT CAPABILITY 



DESCRIPTION 

The ISO108 and ISO109 provide a high-speed VFC 
and isolated coupler in one hermetic DIP package. This 
represents a new function for diverse applications bene- 
fiting from A/D conversion with ground breaking. 

The input VFC transmits a differential digital signal 
across the isolation barrier through matched IpF ce- 
ramic capacitors built into the 24-pin single-wide 
(ISO108) and 40-pin double-wide (ISO109) packages. 
Excellent transient immunity is provided by the small 
barrier capacitor matching, patented sense amp design, 
and laser trimming. 

Extra features include a voltage reference useful for 
offsetting and calibration, and a TTL-compatible en- 
able input that provides for multiplexing multiple VFC 
outputs. 



International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 
Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • 



APPLICATIONS 

• ISOLATED A/D CONVERTER 

• BIOMEDICAL DATA ACQUISITION 

• PROCESS CONTROL 

• INDUSTRIAL DATA ACQUISITION 



Qndl Vo +Vec, DG 

o 9 Q 




''rEF OS 'CC1 



o 

Enable Gnd 2 



* Street Address: 6730 S. Tucson Blvd. • 
Telex: 66-6491 • FAX: (602) 889-1510 



Tucson, AZ 85706 
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SPECIFICATIONS 

ELECTRICAL 

At T^ - +25*'C and iV^c, = ±15V, V^ca » 5V unless otherwise noted. 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


ISOLATION 

Rated Continuous Voltage 

ISOl08:AC.60Hz 
DC 

ISO109:AC.60Hz 
DC 
Partial Discharge Test<'> 

ISO108 

ISO109 
Transient Immunity 
Banler Impedance 
Leakage Current 


TMiNtoT^ 
TM^toT^ 
TMiNtoTj^ 
TM^toT^ 

2400Vmis 
4000Vrms 

240Vrms 


1500 
2121 
2500 
3500 


10 

10«||3 

0.3 


5 
5 


Vrms 
VDC 
Vrms 
VDC 

PC 
pC 
kV/ps 
QllpF 

ma 


TRANSFER FUNCTION 

Voltage-to-Frequency Mode 

Gain En-or 

Unearity Error 

Gain Drift 

PSRR 

Input Current Range<') 


1MHz 

FSR-IMHz 
FSR = 1MHz 

- FS Output 


>0 


5 
0.01 
50 
0.1 


250 


% 
% 
ppm/«C 

HA 


INTEGRATOR OP AMP 

Vos 
Vos Drift 

'a 






3 
30 
50 




mV 

jiV/^C 

nA 


OPEN COLLECTOR OUTPUT 

Fall Time 


lour" 10mA 
VoH»20V 




0.4 
0.1 
50 




V 

ma 

ns 


REFERENCE VOLTAGE 

Accuracy 

Drift 

Current Output 

PSRR 

Output Impedance 




4.95 


5.00 
50 
20 
75 
1 


5.05 


V 

ppmTC 

mA 

ppnW 

Q 


POWER SUPPLY 

Voltage Range 

Quiescent Cun-ent 


±Vcc, 


±8 
4.5 


+17/-15 
+12 


±20 
20 


V 
V 

mA 
mA 


TEMPERATURE RANGE 

Specification 

Operating 

Storage 




-25 
-55 
-65 




+85 
+125 
+150 


«c 

°C 



o 
o 



o 

0) 



s 

3 
Q 
O 
OC 

a. 

z 
o 

g 



NOTES; (1 ) Conforms to VDE884 test methods. Tested at 1 .8 x rated voltage; PD <, 5pC. (2) V^ » 1,^ x R^, 



ABSOLUTE MAXIMUM RATINGS 



Supply Without Damage ±20V 

-In. Cos ±V,,, 

Enable Gnd2/Vec2 

Vrep Voto Gnd 1 Continuous 

fg Sink Cun'ent 50mA 

Continuous Isolation Voltage 

IS01 08 , 1 500Vrms 

ISO109 2500Vmris 

Junction Temperature +150*0 

Storage Temperature -65''C to +150*0 

Lead Temperature, 10s +300*C 
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MECHANICAL 



ISO108 •» 24-PIn Single-Wide Hermetic DIP 




11 12 




I— Seating Plane 








INCHES 


MILUMETERSi 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


1.190 


1.210 


30.23 


30.73 


B 


.280 


.300 


7.11 


7.62 


C 


.140 


.185 


3.56 


4.70 


D 


.016 


.020 


0.41 


0.51 


F 


.030 


0.50 


0.76 


1.27 


G 


.100 BASIC 


2.54 BASIC 1 


H 


.035 


.065 


0.89 


1.65 


J 


.009 


.012 


0.23 


0.30 


K 


.165 


.185 


4.19 


4.70 


L 


.300 BASIC 


7.62 BASIC 1 


N 


.040 


.060 


1.02 |1.52 1 



NOTE: Leads in true 
position within 0.01" 
(0.25mnn)RatMMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numisers may not t>e 
marked on package. 



IS01 09 —40-Pin Double-Wide Hermetic DIP 



M. 



n 




□ 



J,JU^ 






INCHES 


MILU{i4ETERSl 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


1.980 


2.020 


50.29 


51.31 


C 


.115 


.175 


2.92 


4.45 


D 


.015 


.021 


0.38 


0.53 


F 


0.35 


0.60 


0.89 


1.52 


G 


.100 BASIC 


254 BASIC 1 


H 


0.30 


.070 


0.76 


1.78 


J 


.008 


.012 


0.20 


0.30 


K 


.120 


i!40 


3.05 


6.10 


L 


.600 BASIC 


15.24 BASIC 1 


M 


— 


10° 


— 


10° 


N. 


_,025 


, -060. 


.M.. 


1.52 






NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC at 
seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 



PIN CONFIGURATION 



ISO108 



-InE 




^Gndl 


VhspE 




Sjv^ 


CosE 




1+Vec, 


-Vco,[7 




^DQ 


Gnd2|T 




16lGnd2 


Nc[lO 




E^o 


NC[lT 




Ifl Enable 


Gnd2 [l2 




ll--v,„ 



ISO109 



-ln|T 




SJGndl 


V..E 




HVo 


CosE 




H +Vcc, 


-Vcc, E 




13 DG 


Gnd2|l7 




S|Gnd2 


Nc|l8 




i]fo 


Ncjii 




^ Enable 


Gnd2[20 




H+Vcc. 
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BURR-BROV»^N® 



IS0113 



ADVANCE INFORMATION 
SUBJECT TO CHANGE 



Low-Cost, High-Voltage, Internally Powered 
OUTPUT ISOLATION AMPLIFIER 



FEATURES 



• SELF-CONTAINED ISOLATED SIGNAL 
AND OUTPUT POWER 

• SMALL PACKAGE SIZE: Double-Wide 
DIP 

• CONTINUOUS AC BARRIER RATING: 
ISOOVrms 

• WIDE BANDWIDTH: 

30kHz Small Slgnal,10kHz Full Power 

• BUILT-IN ISOLATED OUTPUT POWER: 
±10V to ±18V Input, ±25mA Output 

• MULTICHANNEL SYNCHRONIZATION 
CAPABILITY 



APPLICATIONS 

• 4mA TO 20mA V/l CONVERTERS 

• MOTOR AND VALVE CONTROLLERS 

• ISOLATED RECORDER OUTPUTS 

• MEDICAL INSTRUMENTATION OUTPUTS 

• GAS ANALYZERS 

IS0113 BLOCK DIAGRAM 




DESCRIPTION 

The IS0113 output isolation amplifier provides both 
signal and output power across an isolation barrier in a 
small double-wide DIP package. The ceramic side- 
brazed hybrid package contains a transformer-coupled 
DC/DC converter and a capacitor-coupled signal chan- 
nel. A proprietary 800kHz oscillator chip, power 
MOSFET transformer drivers, patented square core 
wirebonded transformer, and a single chip diode bridge 
provide power to the output side of the isolation ampli- 
fier as well as extemal loads up to ±25mA. 

Extra feamres include enable, soft start, short circuit 
protection, multiple channel synchronization, ±10V to 



±18V supply range, and ISOOVrms isolation voltage 
rating. The signal channel capacitively couples a duty- 
cycle encoded signal across the ceramic high-voltage 
barrier built into the package. A proprietary transmitter/ 
receiver pair of integrated circuits, laser trimmed at 
wafer level, are coupled through a pair of matched 
"fringe" capacitors. The result is a simple, reliable de- 
sign that rejects common-mode transients. The duty 
cycle modulator is synchronized to the DC/DC con- 
verter to eliminate beat frequency interference between 
the power converter and signal channel. 



International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
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SPECIFICATIONS 



ELECTRICAL 

AtT.s+aS'CandV.. 



= ±15V, Supply Output Load = ±15mA unless otherwise noted. 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


ISOLATION 












Rated Continuous Voltage 












AC. 6OH2 


MIN MAX 


1500 






Vrms 


DC 


Tw^toT^ 


2121 






VDC 


Partial Discharge Test <') 














2400Vnns 






5 


PC 


Isolation-Mode Rejection 


1500Vrms 




100 




dB 




2121VDC 




160 




dB 


Barrier Impedance 






10«|I9 




QllpF 


Leakage Current 


240Vrms 




1 




MA 


GAIN 












Nominal 






1 




VA/ 


Initial En-or 






±0.1 




% FSR 


Gain vs Temperature 






±20 




ppmA'C 


Noniinearity 






±0.01 




% FSR 


INPUT OFFSET VOLTAGE 












Initial Offset 






20 




mV 


vs Temperature 






100 




liWC 


vs Power Supplies 


Vcci = ±10to±18V 




5 




mV/V 


INPUT 












Voltage Range 






±10 




V 


Resistance 






200 




kft 


SIGNAL OUTPUT 












Voltage Range 






±10 




V 


Current Drive 






±15 




mA 


Ripple Voltage 






10 




mVp-p 


Capacitive Load Drive 






1000 




P*" r- 


Voltage Noise 






4 




HV/VHz 


FREQUENCY RESPONSE 












Small Signal Bandwidth 






30 




kHz 


Slew Rate 






1.5 




V/MS 


Settling Time 


0.1%. -10/10V 




50 




US 


POWER SUPPUES 












Rated Voltage. V^^ 






±15 




V 


Voltage Range 




±10 




±18 


V 


Input Current 


l^ailSmA 




+90/-3 




mA 


Ripple Current 


No Filter 




150 




mAp-p 




C..= 1HF 




60 




mAp-p 




pi Filter 




5 




mAp-p 


Rated Output Voltage 






±15 




V 


Output Current 


Balanced Load 




±15 




mA 




Single 




30 




mA 


Load Regulation 


Balanced Load 




0.5 




%/mA 


Une Regulation 






1.15 




V/V 


Output Voltage vs Temperature 






10 




mV/°C 


Voltage Balance. ±\/cc2 






0.5 




% 


Voltage Ripple (SOOKHz) 


No Extemal Capacitors 




60 




mVpp 


Output Capacitive Load 






1 




HF 


TEMPERATURE RANGE 












Specification 




-25 




+85 


"C 


Operating 




-25 




+85 


°C 


Storage 




-25 




+125 


OC 



NOTE; (1) Conforms to VDE0884 test methods. 
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ADVANCE INFORi 

MECHANICAL 



IMTIOM SUBJECT TO CHAMGE 



IS0113— 24-Pin Double-Wide DiP 
A- 




hJ L- -JgU- d-JI*- 



R 



Seating Plane 





INCHES 


MILUMETERS I 


DIM 


MIN 


MAX 


MIN, 


MAX 


A 


1.180 


1.220 


29.97 


30.99 


B 


.580 


.600 


14.73 


15.24 


C 


.310 


.370 


7.87 


9.40 


D 


.016 


.020 


0.41 


0.51 


F 


.040 TYP 


1.02 TYP 1 


G 


.100 BASIC 


2.54 BASIC 1 


H 


.044 


.056 


1.12 


1.42 


J 


.009 


.012 


0.23 


0.30 


K 


.165 


.185 


4.19 


4.70 


L 


.600 


.620 


15.24 


15.75 


N 


.040 


.060 


1.02 


1.52 



NOTE: Leads in true 
position witliin 0.01" 
{0.25mm) R at MMC 
at seating plane. Pin 
numbers siiown for 
reference only. 
Numbers may not be 
merited on pacl<age. 



CO 

O 
0) 



PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 



Enable [T 




S|nc 


+Vcc, \£ 




SjGndl 


Sync |T 




Hv,, 


-VccE 




2l]com1 


Com 2 [T 




iU-Vc 


VoutEo 




iH-v,,, 


Sense |iT 




!3+VcC2 


Gnd2[l2 




H+Vc 









Supply Witliout Damage .....±18V 

V^, Sense Voltage '. ±50V 

Com to Gnd (either input or output) ±200mV 

Enable, Sync Gnd to +Vcc, 

Continuous Isolation Voltage 1- ISOOVrms 

V^.dv/dt 20kV/ns 

Junction Temperature *....i +150°C 

Storage Temperature «...-25°C to +125°C 

LeadTemperature.lOs... +300°C 

Output Stiort to Gnd Duration Continuous 

±V»„ to Gnd 2 Duration Continuous 



f2 
o 

O 

o 

0. 



_l 

o 

(A 
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BURR -BROWN 





ISO120 
IS0121 



Precision Low Cost 
ISOLATION AMPLIFIER 



APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL: Transducer 
Isolator for Thermocouples, RTOs. Pressure 
Bridges, and Flow Meters. 4mA to 20mA Loop 
Isolation 

• GROUND LOOP ELIMINATION 

• MOTOR AND SCR CONTROL 

• POWER MONITORING 

• ANALYTICAL MEASUREMENTS 

• BIOMEDICAL MEASUREMENTS 

• DATA ACQUISITION 

• TEST EQUIPMENT 



Isolation Barrier 



FEATURES 

• 100% TESTED FOR PARTIAL DISCHARGE 

• IS0120: Rated ISOOVrms 

• IS0121: Rated 3500Vrms 

• HIGH IMR: 115dB at 60Hz 

• USER CONTROL OF CARRIER FREQUENCY 

• LOW NONLINEARITY: ±0.01% max 

• BIPOLAR OPERATION: Vo = ±rOV 

• O.S'^-WIDE 24-PIN HERMETIC DIP, IS0120 

• SYNCHRONIZATION CAPABILITY 



DESCRIPTION 

The ISO 120 and ISO 121 are precision isolation 
amplifiers incorporating a novel duty cycle modu- 
lation-demodulation technique. The signal is trans- 
mitted digitally across a 2pF differential capacitive 
barrier. With digital modulation the barrier character- 
istics do not affect signal integrity, which results in 
excellent reliability and good high frequency trans- 
ient immunity across the barrier. Both the amplifier 
and barrier capacitors are housed in a hermetic DIP. 
The ISO 120 and IS0121 differ only in package size 
and isolation voltage rating. 

These amplifiers are easy to use. No external com- 
ponents are required for 60kHz bandwidth. With 
the addition of two external capacitors, precision 
specifications of 0.01% max nonlinearity and 
150jLiV/°C max Vos drift are guaranteed with 6kHz 
bandwidth. A power supply range of ±4.5V to 
±18V and low quiescent current make these 
amplifiers ideal for a wide range of applications. 
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SPECIFICATIONS 



ELECTRICAL 

At Ta = +25'*C. Vsi = 



Vs2 = ±15V: and Rl = 2kn unless otherwise noted. 



PARAMETER 


CONDITIONS 


ISO120BG, IS0121BG 


ISO120G, IS0121G 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


ISOLATION 


















Voltage Rated Continuous ISO120 AC 60Hz 


Tmin to Tmax 


1500 






1500 






Vrms 


DC 


Tmin to Tmax 


2121 






2121 






VDC 


ISO121:AC60Hz 


Tmin to Tmax 


3500 






3500 






Vrms 


DC 


Tmin to Tmax 


4950 






4950 






VDC 


100% Test (AC 60Hz): ISO120 


1s; Partial discharge < 5pC 


2500 






2500 






Vrms 


IS0121 


Is. Partial discharge <5pC 


5600 






5600 






Vrms 


Isolation Mode Rejection ISO120: AC 60Hz 


ISOOVrms 




115 






115 




dB 


DC 






160 






160 




dB 


IS0121 AC60HZ 


3500Vrms 




115 






115 




dB 


DC 






160 






160 




dB 


Barrier Impedance 






10'V/2 






10'V/2 




fi//pF 


Leakage Current 


Viso = 240Vrms. 60Hz 




018 


05 




018 


05 


//Arms 


GAIN 


Vo = ±10V 
















Nominal Gain 


C,=C2 = 1000pF 




1 






1 




V/V 


Gain Error 






±0 04 


±01 




±0 05 


±0.25 


% FSR 


Gam vs Temperature 






±5 


±20 




±10 


±40 


ppm/°C 


Nonlineartty 






±0 005 


±0.01 




±0.01 


±0.05 


%FSR 


Nominal Gam 


Ci = Ca = 




1 






1 




V/V 


Gain Error 






±0.04 


±0 25 




±0.05 


±0 25 
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NOTES; (1) Input voltage range = ±10V for Vsi, Vs2 = ±4.5VDC to ±18VDC. 
three times the settling time for other values of C2. 

ABSOLUTE MAXIMUM RATINGS 



(2) Ripple frequency is at carrier frequency. (3) Overload recovery is approximately 



Supply Voltage (Between Supplies +Vss to -Vss) 36V 

V,N, Sense Voltage ±100V 

External Oscillator Input ±25V 

Signal Common 1 to Ground 1 +1V 

Signal Common 2 to Ground 2 ±1V 

Continuous Isolation Voltage- ISO120 1500Vrms 



Continuous Isolation Voltage: IS0121 3500Vrms 

Viso, dv/dt 20kv//us 

Junction Temperature 150°C 

Storage Temperature -65°C to +150''C 

Lead Temperature (soldering, 10s) +300°C 

Output Short Duration Continuous to Common 
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CONNECTION DIAGRAM 



ORDERING INFORMATION 





24 pin Is single-wicJe. 
40 pin is double-wide. 


ClH 


1/1 'li 


^^ 


- 24/40 Gnd 1 


ClL 
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- 23/39 V,N - 


+Vsi 
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- 22/38 Ext Osc 
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Com 2 
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-16/24 Vs2 
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-15/23 ^Vs2 


VOUT SENSE 
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- 14/22 C2L 


Gnd2 
Notes 
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-13/21 CzH 


(1) First pin number is for ISO120 
Second pin number is for IS0121 



Model 


Package 


Temperature 
Range 


ISO120G 
ISO120BG 
IS0121G 
IS0121BG 


Cer. Her. DIP 
Cer. Her. DIP 
Cer. Her. DIP 
Cer. Her. DIP 


-25°Cto+85°C 
-25°Cto+85''C 
-25»Cto+85°C 
-25»Cto+85<>C 


BURN-IN SCREENING OPTION 

See text for details. 


Model 


Package 


Burn-In Temp. 

(160h)"» 


ISO120G-BI 
ISO120BG-BI 
IS0121G-BI 
IS0121BG-BI 


Cer. Her.DIP 
Cer Her DIP 
Cer Her DIP 
Cer. Her. DIP 


+125''C 
+126<'C 
+126°C 
+125-C 



NOTE: (1) Or equivalent combination. See text 



MECHANICAL 
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Pin numbers shown for reference 
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on package Triangle denotes pin 1 
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TYPICAL PERFORMANCE CURVES 

At Ta = +25°C, Vsi = Vs2 = ±15V, and Rl = 2kQ unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES 

At Ta = +25**C; Vsi = Vs2 = ±15V; and Rl = 2kfi unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES 

At Ta = +25°C; Vsi = Vs2 = ±15V; and Rl = 2kO unless otherwise noted 
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THEORY OF OPERATION 

The ISO 120 and ISO 121 isolation amplifiers comprise 
input and output sections galvanically isolated by 
matched IpF capacitors built into the ceramic barrier. 
The input is duty-cycle modulated and transmitted digi- 
tally across the barrier. The output section receives the 
modulated signal, converts it back to an analog voltage 
and removes the ripple component inherent in the 
demodulation. The input and output sections are fabri- 
cated together on a single wafer and laser-trimmed as a 
complete system for exceptional matching of circuitry 
common to both input and output sections. 

FREE-RUNNING MODE 

An input amplifier (Al, Figure 1) integrates the dif- 
ference between the input current (ViN/200kn) and a 
switched +100/xA current source. This current source is 
implemented by a switchable 200/xA source and a fixed 
100/zA current sink. To understand the basic operation 
of the input section, assume that Vin = 0. The integrator 
will ramp in one direction until the comparator threshold 
is exceeded. The comparator and sense amp will force 
the current source to switch; the resultant signal is a 
trianglar waveform with a 50% duty cycle. If Vm changes, 
the duty cycle of the integrator will change to keep the 
average DC value at the output of Al near zero volts. 
This action converts the input voltage to a duty-cycle 
modulated triangular waveform at the output of Al with 
a frequency determined by the internal 150pF capacitor. 
The comparator generates a fast rise time square wave 
that is simultaneously fed back to keep Al in charge 
balance and also across the barrier to a differential sense 
amplifier with high common-mode rejection character- 
istics. The sense amplifier drives a switched current 
source surrounding A2. The output stage balances the 
duty-cycle modulated current against the feedback 



current through the 200kn feedback resistor, resulting in 
an average value at the Sense pin equal to Vin. The 
sample and hold amplifiers in the output feedback loop 
serve to remove undesired ripple voltages inherent in the 
demodulation process. 

SYNCHRONIZED MODE 

A unique feature of the ISO 120 and ISO 121 is the ability 
to synchronize the modulator to an external signal 
source. This capability is useful in eliminating trouble- 
some beat frequencies in multi-channel systems and in 
rejecting AC signals and their harmonics. To use this 
feature, external capacitors are connected at Ci and C2 
(Figure 1) to change the free-running carrier frequency. 
An external signal is applied to the Ext Osc pin. This 
signal forces the current source to switch at the frequency 
of the external signal. If Vin is zero, and the external 
source has a 50% duty cycle, operation procedes as 
described above, except that the switching frequency is 
that of the external source. If the external signal has a 
duty cycle other than 50%, its average value is not zero. 
At startup, the current source does not switch until the 
integrator establishes an output equal to the average DC 
value of the external signal. At this point, the external 
signal is able to trigger the current source, producing a 
triangular waveform, symmetrical about the new DC 
value, at the output of Al. For Vin = 0, this waveform 
has a 50% duty cycle. As Vin varies, the waveform 
retains its DC offset, but varies in duty cycle to maintain 
charge balance around Al. Operation of the demodul- 
ator is the same as outlined above. 

BASIC OPERATION 

Signal and Power Connections 

Figure 2 shows proper power and signal connections. 
Each power supply pin should be bypassed with a l/iF 



Burr-Brown IC Data Book 



4-49 



Vol, 33 




Isolation Barrier 
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4-Vsi Gnd 1 -Vsi Ext Osc 
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+Vs2 Gnd 2 -Vs2 
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P qJ Vout 

3 Signal Com 2 



Note (1) Optional See text 



FIGURE 1. Block Diagram. 



Signal Comi 




Isolation Barrier 



Guard 




Vout 



/777 



Note (1) Optional See text (2) Ground if not used. 



FIGURE 2. Power and Signal Connections. 

tantalum capacitor Ipcated as close to the amplifier as 
possible. All ground connections should be run inde- 
pendently to a common point if possible. Signal Com- 
mon on both input and output sections provide a high- 
impedance point for sensing signal ground in noisy 
applications. Signal Common must have a path to 
ground for bias current return and should be maintained 
within ±1V of Gnd. The ouptut sense pin may be 
connected directly to Vout or may be connected to a 
remote load to eliminate errors due to IR drops. Pins are 
provided for use of external integrator capacitors. The 
CiH and C2H pins are connected to the integrator sum- 
ming junctions and are therefore particularly sensitive to 
external pickup. This sensitivity will most often appear 
as degraded IMR or PSR performance. AC or DC 



currents coupled into these pins results in Verror = 
Ierror X 200kn at the output. Guarding of these pins to 
their respective Signal Common, or Cil and C2L is 
strongly recommended. For similar reasons, long traces 
or physically large capacitors are not desirable. If wound- 
foil capacitors are used, the outside foil should be 
connected to Cil and Ciu respectively. 
Optional Gain and Offset Adjustments 
Rated gain accuracy and offset performance can be 
achieved with no external adjustments, but the circuit of 
Figure 3a may be used to provide a gain trim of ±0.5% 
for the values shown; greater range may be provided by 
increasing the size of Ri and R2. Every 2kn increase in 
Ri will give an additional 1% adjustment range, with 
R2>2Ri. If safety or convenience dictates location of the 
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FIGURE 3a. Gain Adjust. 

adjustment potentiometer op the other side of the barrier 
from the position shown in Figure 3a, the positions of Ri 
and R2 may be reversed. Gains greater than one may be obtained 
by using the circuit of Figure 3b. Note that the effect of 
input offset errors will be multiplied at the output in 
proportion to the increase in gain. Also, the small-signal 
bandwidth will be decreased in inverse proportion to the 
increase in gain. In most instances, a precision gain 
block at the input of the isolation amplifier will provide 
better overall performance. 
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FIGURE 3b. Gain Setting. 

Figure 4 shows a method for trimming Vos of the 
ISO 120 and IS0121. This circuit may be applied to 
either Signal Com (input or output) as desired for safety 
or convenience. With the values shown, ±15V supplies 
and unity gain, the circuit will provide ±150mV adjust- 
ment range and 0.25mV resolution with a typical trim 
potentiometer. The output will have some sensitivity to 
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lOOkQ jj-*- 
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1M0 
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10kO < 



Signal Com 1 
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FIGURE 4. Vos Adjust. 



power supply variations. For a ±100mV trim, power 
supply sensitivity is 8mV/V at the output. 

Carrier Frequency Considerations 

As previously discussed, the ISO 120 and ISO 121 ampli- 
fiers transmit the signal across the iso-barrier by a duty- 
cycle modulation technique. This system works like any 
linear amplifier for input signals having frequencies 
below one half the carrier frequency, fc. For signal 
frequencies above fc/2, the behavior becomes more 
complex. The Signal Response vs Carrier Frequency 
performance curve describes this behavior graphically. 
The upper curve illustrates the response for input signals 
varying from DC to fc/2. At input frequencies at or 
above fc/2, the device generates an output signal 
component that varies in both amplitude and frequency, 
as shown by the lower curve. The lower horizontal scale 
shows the periodic variation in the frequency of the 
output component. Note that at the carrier frequency 
and its harmonics, both the frequency and amplitude of 
the response go to zero. These characteristics can be 
exploited in certain applications. It should be noted that 
when Ci is zero, the carrier frequency is nominally 
500kHz and the -3dB point of the amplifier is 60kHz. 
Spurious signals at the output are not significant under 
these circumstances unless the input signal contains 
significant components above 250kHz. 

There are two ways to use these characteristics. One is to 
move the carrier frequency low enough that the trouble- 
some signal components are attenuated to an acceptable 
level as shown in Signal Response vs Carrier Frequency. 
This in effect limits the bandwidth of the amplifier. The 
Synchronization Range performance curve shows the 
relationship between carrier frequency and the value of 
Ci. To maintain stability, C2 must also be connected and 
must be equal to or larger in value than Ci. C2 may be 
further increased in value for additional attentuation of 
the undesired signal components and provides the 
additional benefit of reducing the residual carrier ripple 
at the output. See the Bandwidth vs C2 performance 
curve. 

When periodic noise from external sources such as 
system clocks and DC/ DC converters are a problem, 
ISO 120 and ISO 121 can be used to reject this noise. The 
amplifier can be synchronized to an external frequency 
source, fExx, placing the amplifier response curve at one 
of the frequency and amplitude nulls indicated in the 
Signal Response vs Carrier Frequency performance 
curve. For proper synchronization, choose Ci as shown 
in the Synchronization Range performance curve. 
Remember that C2>Ci is a necessary condition for 
stability of the isolation amplifier. This curve shows the 
range of lock at the fundamental frequency for a 4V 
sinusoidal signal source. The applications section shows 
the ISO 120 and IS0121 synchronized to isolation power 
supplies, while Figure 5 shows circuitry with opto- 
isolation suitable for driving the Ext Osc input from 
TTL levels. 
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C2 = 10 X Ci, with a minimum of 10nF 



FIGURE 5. Synchronization with Isolated Drive 
Circuit for Ext Osc Pin. 

ISOLATION MODE VOLTAGE 

Isolation mode voltage (IMV) is the voUage appearing 
between isolated grounds Gnd 1 and Gnd 2. IMV can 
induce error at the output as indicated by the plots of 
IMV vs Frequency. It should be noted that if the IMV 
frequency exceeds fc/2, the output will display spurious 
outputs in a manner similar to that described above, and 
the amplifier response will be identical to that shown in 
the Signal Respons'^ vs Carrier Frequency performance 
curve. This occurs because IMV-induced errors behave 
like input-referred error signals. To predict the total 
IMR, divide the isolation voltage by the IMR shown in 
IMR vs Frequency performance curve and compute the 
amplifier response to this input-referred error signal 
from the data given in the Signal Response vs Carrier 
Frequency performance curve. Due to effects of very 
high-frequency signals, typical IMV performance can be 
achieved only when dV/dT of the isolation mode voltage 
falls below lOOOV/ jus. For convenience, this is plotted in 
the typical performance curves for the ISO 120 and 
ISO 121 as a function of voltage and frequency for 
sinusoidal voltages. When dV/dT exceeds lOOOY/ jjls but 
falls below 20kV//xs, performance may be degraded. At 
rates of change above 20kV//is, the amplifier may be 
damaged, but the barrier retains its full integrity. 
Lowering the power supply voltages below ±15V may 
decrease the dV/dT to 500V/ /xs for typical performance, 
but the maximum dV/dT of 20kV//is remains 
unchanged. 

Leakage current is determined solely by the impedance 
of the 2pF barrier capacitance and is plotted in the Isolation 
Leakage Current vs Frequency curve. 

ISOLATION VOLTAGE RATINGS 

Because a long-term test is impractical in a manufacturing 
situation, the generally accepted practice is to perform a 
production test at a higher voltage for some shorter time. 
The relationship between actual test voltage and the 
continuous derated maximum specification is an impor- 
tant one. Historically, Burr-Brown has chosen a deUb- 
erately conservative one: Vtest = (2xACrms continuous 



rating) + lOOOV for 10 seconds, followed by a test at 
rated ACrms voltage for one minute. This choice was 
appropriate for conditions where system transients are 
not well defined. 

Recent improvements in high-voltage stress testing have 
produced a more meaningful test for determining maxi- 
mum permissible voltage ratings, and Burr-Brown has 
chosen to apply this new technology in the manufacture 
and testing of the ISO120 and IS0121. 

Partial Discharge 

When an insulation defect such as a void occurs within 
an insulation system, the defect will display localized 
corona or ionization during exposure to high-voltage 
stress. This ionization requires a higher applied voltage 
to start the discharge and a lower voltage to maintain it 
or extinguish it once started. The higher start voltage is 
known as the inception voltage, while the extinction 
voltage is that level of voltage stress at which the 
discharge ceases. Just as the total insulation system has 
an inception voltage, so do the individual voids. A 
voltage will build up across a void until its inception 
voltage is reached, at which point the void will ionize, 
effectively shorting itself out. This action redistributes 
electrical charge within the dielectric and is known as 
partial discharge. If, as is the case with AC, the applied 
voltage gradient across the device continues to rise, 
another partial discharge cycle begins. The importance 
of this phenomenon is that, if the discharge does not 
occur, the insulation system retains its integrity. If the 
discharge begins, and is allowed to continue, the action 
of the ions and electrons within the defect will eventually 
degrade any organic insulation system in which they 
occur. The measurement of partial discharge is still 
useful in rating the devices and providing quality control 
of the manufacturing process. Since the ISO 120 and 
ISO 121 do not use organic insulation, partial discharge 
is non-destructive. 

The inception voltage for these voids tends to be con- 
stant, so that the measurement of total charge being 
redistributed within the dielectric is a very good indicator 
of the size of the voids and their likelihood of becoming 
an incipient failure. The bulk inception voltage, on the 
other hand, varies with the insulation system, and the 
number of ionization defects and directly establishes the 
absolute maximum voltage (transient) that can be applied 
across the test device before destructive partial discharge 
can begin. Measuring the bulk extinction voltage provides 
a lower, more conservative voltage from which to derive 
a safe continuous rating. In production, measuring at a 
level somewhat below the expected inception voltage 
and then derating by a factor related to expectations 
about system transients is an accepted practice. 

Partial Discharge Testing 

Not only does this test method provide far more qualita- 
tive information about stress-withstand levels than did 
previous stress tests, but it provides quantitative measure- 
ments from which quality assurance and control meas- 
ures can be based. Tests similar to this test have been 
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used by some manufacturers, such as those of high- 
voltage power distribution equipment, for some time, 
but they employed a simple measurement of RF noise to 
detect ionization. This method was not quantitative with 
regard to energy of the discharge, and was not sensitive 
enough for small components such as isolation ampli- 
fiers. Now, however, manufacturers of HV test equip- 
ment have developed means to quantify partial discharge. 
VDE, the national standards group in Germany and an 
acknowledged leader in high-voltage test standards, has 
developed a standard test method to apply this powerful 
technique. Use of partial discharge testing is an improved 
method for measuring the integrity of an isolation 
barrier. 

To accommodate poorly-defined transients, the part 
under test is exposed to a voltage that is 1.6 times the 
continuous-rated voltage and must display <5pC partial 
discharge level in a 100% production test. 



BURN-IN SCREENING 

Burn-in screening is an option available for the ISO 120 
and IS0121 products. Burn-in duration is 160 hours at 
+ 125°C (or equivalent combination of time and temp- 
erature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

APPLICATIONS 

The ISO 120 and 1S0121 isolation amplifiers are used in 
three categories of applications: 

1. Accurate isolation of signals from high voltage 
ground potentials, 

2. Accurate isolation of signals from severe ground 
noise and, 

3. Fault protection from high voltages in analog 
measurements. 



CM 
CM 



Figures 6 through 11 show a variety of application circuits. 



30 Y-Connected Power Transformer 



120Vrms 
100 A 



+ Vsi - Vsi +Vs2 - Vs2 



0.005 Power Resistor 




O VouT 



Ci = lOOOpF 

C2 = 1000pF 

Differential input accurately senses power resistor voltage. Two 

resistors protect INAIIOfrom open power resistor. High 

frequency spike reject filter has fco = 400Hz. 
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FIGURE 6. Isolated Powerline Monitor. 
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ImV 5M0 



_rLJi_ r 

Calibration Signal 



6 Calibration 



• — ^ 300kfi 50kO 

b— O •— V/v 1 f-VSAr- 

r On 



Right Leg 




20//H 



+VS2 



NOTE All capacitor values in fjf unless otherwise noted Diodes are IN4148 



FIGURE 7. Right-Leg Driven ECG Amplifier (with defibrillator protection and calibrator). 



62 = 12V 




Charge/Discharge Control 



e49=12V< 



650= 12V' 



^Vq^ 15 5kn I ^ 
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FIGURE 8. Battery Monitor for a 600V Battery Power System. 
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Rz = 2 5kn 
V/y 



250n 2 

(I V^A 



-+Vs=15VonPWS740 




VOUT 

— O 



NOTE Some ISO120 connections left out for clarity 



FIGURE 9. Isolated 4-20mA Instrument Loop. (RTD shown.) 
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FIGURE 10. Synchronized-Multichannel Isolation System. 
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20a/H 
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PWS740-3 



"=: 0.3/iF 
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System Uses 

1 Oscillator/Driver 

8 Transformers 

8 Bridges 

8ISO120S 

8 Transistors VN2222 

8 Zener Diodes, 6 2V, 400mW. 20% 

Not all components shown 




FIGURE II. Eight-channel Isolated 0-20mA Loop Driver. 
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BURR-BRO>VN® 




IS0122P 



ADVANCE INFORMATION 
SUBJECT TO CHANGE 
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Precision Lowest Cost 
ISOLATION AMPLIFIER 



FEATURES 



• 100 % TESTED FOR HIGH-VOLTAGE 
BREAKDOWN 

• RATED 1500 Vrms 

• HIGH IMR: 140dB at 60Hz 

• BIPOLAR OPERATION: V^r ±10V 

• SINGLE-WIDE 16-PIN PLASTIC DIP 

• EASE OF USE: Fixed Unity Gain 
Configuration 



DESCRIPTION 

The IS0122P is a precision isolation amplifier incor- 
porating a novel duty cycle modulation-demodulation 
technique. The signal is transmitted digitally across 
a 2pF differential capacitive barrier. With digital modu- 
lation the barrier characteristics do not affect signal 
integrity, resulting in excellent reliability and good high 
frequency transient immunity across the barrier. Both 
barrier capacitors are imbedded in the plastic body of 
the package. 

The IS0122P is easy to use. No external components 
are required for operation. The key specification of 
0.01 % max nonlinearity is guaranteed, with up to 50kHz 
signal bandwidth and 200|iV/°C max Y^^ drift typical. 
A power supply range of ±4.5 V to ±18V and quiescent 
current of ±4.5mA on Vg^ and ±4.5mA on Y^^ make 
these amplifiers ideal for a wide range of applications. 



APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL: 
Transducer Isolator, Isolator for Thermo- 
couples, RTDs, Pressure Bridges, and 
Flow Meters, 4mA to 20mA Loop Isolation 

• GROUND LOOP ELIMINATION 

• MOTOR AND SCR CONTROL 

• POWER MONITORING 

• PC-BASED DATA ACQUISITION 

• TEST EQUIPMENT 

• VENDING MACHINES 
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SPECIFICATIONS 

At T^ = as^C and V^l = Vs2 = ±15V unless othenwise noted. 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


ISOLATION 












Voltage Rated Continuous AC 60Hz 




1500 






VAC 


100% Test 1 


Is.SpcPD 


2400 






VAC 


Isolation Mode Rejection 






140 




dB 


Barrier Impedance 






10'* II 2 




ailpF 


Leakage Current at eOHz 


V,go « 240Vmis 




0.18 


0.5 


^lArnis 


GAIN 


Vo = ±10V 










Nominal Gain 






1 




V/V 


Gain Error 






±.05 


±.30 


%FSR 


Gain vs Temperature 






±10 




ppm/^'C 


Nonilnearity 






±.008 


±.015 


%FSR 


INPUT OFFSET VOLTAGE 












initial Offset 






±5 


±50 


mV 


vs Temperature 






±200 




nv/»c 


vs Supply 






±2 




mV/V 


Noise 






4 




^V/VFE 


INPUT 












Voltage Range 




±10 






V 


Resistance 






200 




kQ 


OUTPUT 












Voltage Range 




±10 


±12 




V 


Current Drive 




±5 


±15 




mA 


Capacitive Load Drive 






1000 




PF 


Ripple Voltage»> 






10 




mVp-p 


FREQUENCY RESPONSE 












Small Signal Bandwidth 






50 




kHz 


Slew Rate 






1.5 




V/MS 


Settling Time 


Vo = ±10V 










o.1%^ 






50 




MS 


0.01% 






150 




MS 


Overload Recover Time 






150 




lis 


POWER SUPPLIES 












Rated Voltage 






15 




V 


Voltage Range 




±4.5 




±18 


V 


Quiescent Current: Vg, 






±4.5 


±6.5 


mA 


Vs. 






±4.5 


±6.5 


mA 


TEMPERATURE RANGE 












Specification 









70 


*C 


Operating 




-25 




85 


OC 


Storage 




-25 




85 


"C 


«JA 






100 




*C/W 



NOTES: (1 ) Tested at 1 .4 X rated, fail on 5pC partial discharge leakage current on five successive pulses. (2) Ripple frequency 
is at carrier frequency (500kHz). 
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CONNECTION DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 




Supply Voltage 

V,. 

Continuous Isolation Voltage . 

Veo.dv/dt 

Junction Temperature 

Storage Temperature 



±18V 

±100V 

,.1500Vmis 

20kV/MS 

+150'>C 

H-SS^C 



Lead Temperature (soldering, 10s) .. 
Output Short to Common 



+300X 

.. Continuous 



a 

CM 
CM 

O 



MECHANICAL 



P Package— SIngle-WIde 16-PIn Plastic DIP 






INCHES 


MILUMETERS 1 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


.740 


.800 


18.80 


20.32 


Ai 


.725 


.785 


18.42 


19.94 


B 


.230 


.290 


5.85 


7.38 


Bi 


.200 


.250 


5.09 


6.36 


C 


.120 


.200 


3.05 


5.09 


D 


.015 


.023 


0.38 


0.59 


F 


.030 


.070 


0.76 


1.78 


G 


.100 BASIC 


2.54 BASIC 1 


H 


0.20 


.050 


0.51 


1.27 


J 


.008 


.015 


0.20 


0.38 


K 


.070 


.150 


1.78 


3.82 


L 


.300 BASIC 


7.63 BASIC 1 


M 


0" 


15° 


0° 


15° 


N 


.010 


.030 


0.25 


0.76 


P 


.025 


.050 


0.64 


1.27 



NOTE: Leads in 
true position within 
0.01 "(0.25mm) Rat 
MMC at seating 
plane. Pin numbers 
shown for reference 
only. Numbers may 
not be marked on 
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O 
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THEORY OF OPERATION 

The IS0122P isolation amplifier uses an input and an output 
section galvanically isolated by matched IpF isolating ca- 
pacitors built into the plastic package. The input is duty- 
cycle modulated and transmitted digitally across the barrier. 
The output section receives the modulated signal, converts 
it back to an analog voltage and removes the ripple component 
inherent in the demodulation. Input and output sections are 
fabricated, then laser trimmed for exceptional circuitry match- 
ing common to both input and output sections. The sections 
are then mounted on opposite ends of the package with the 
isolating capacitors mounted between the two sections. 



MODULATOR 

An input amplifier (Al, Figure 1) integrates the difference 
between the input current (V^OOklCi) and a switched ±100|iA 
current source. This current source is implemented by a 
switchable 200mA source and a fixed lOOjiA current sink. 



To understand the basic operation of the modulator, assume 
that Vjj^ = O.OV. The integrator will ramp in one direction 
until the comparator threshold is exceeded. The comparator 
and sense amp will force the current source to switch; the 
resultant signal is a triangular waveform with a 50% duty 
cycle. The internal oscillator forces the current source to 
switch at the 500kHz frequency. If Vj^^ changes, the duty 
cycle of the integrator will change to keep the average DC 
value at the output of Al near zero volts 



DEMODULATOR 

The sense amplifier drives a switched current source into 
integrator A2. The output stage balances the duty-cycle modu- 
lated current against the feedback current through the 200kn 
feedback resistor, resulting in an average value at the Vq^^p 
pin equal to Vjj^. The sample and hold amplifiers in the output 
feedback loop serve to remove undesired ripple vo 
inherent in the demodulation process. 
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Isolation Barrier 



v,N (is: 



@-AA^- 



200KQ 



ISOpF 



A1 



V 



'WWW 

+V3, Qnd1 -V3, 




>-©V 



WWW 
+V3, Gnd2 -v«. 



FIGURE 1. Block Diagram. 



BASIC OPERATION 



SIGNAL AND POWER CONNECTIONS 

Each power supply pin should be bypassed with IfoF tantalum 
capacitors located as close to the amplifier as possible. The 
internal frequency of the modulator/demodulator is set at 
500kHz by an internal oscillator. Therefore if it is desired 



to minimize any feedthrough noise (beat frequencies) from 
a DC/DC converter, use a pie filter on the supplies (See 
Figure 2). 



v.O- 



NOTE: (1) Optional. See text. 



Isolation Barrier 




-OVo, 



lOjiH(l) 
i^r>nnn — ►±V-, 



1(1) :i:(l) 



IjiF 1nF 1^F 



FIGURE 2. Applications Figure. 
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Digital 
Opto-Coupler 



^+i£ 



-A, 



+15V -15V :+15V ~15V ■==^ 



[^ 




PQA\J5_I5 
102 
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FIGURE 3. Programmable-Gain Isolation Channel with 
Gainsof 1,10. and 100. 
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This Section Repeated 49 Times. 
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FIGURE 4. Battery Monitor for a 600V Battery Power System. (Derives the Input Power from the Battery.) 
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ADWMNCE MFORMATSON SUBJECT TO CHANGE 



* 



Thermocoupl e 



iN914 



IMQ 




-15V 



15KQ< 



Ground Loop Through Conduit 



+15V-15V 

4 4 4 4 

+15V 



'le 



-15V 



1801 22P 



/ 



FIGURE 5. Thermocouple Amplifier with Ground Loop Elimination, Cold Junction Compensation, and Up-scale Bum-out. 



150kQ< 




JlOOQ> ( < j 



RTD 
(PT100) 



R2s2.5k£2 
^AA^ 



2mA 



4-20mA 




-►+Vs=15V 
on PWS740 



1 IS0122P 

+V 



0V-5V 



-►Gnd 



4 ►-VgS^-ISV 

on PWS740 



FIGURE 6. Isolated 4-20mA Instrament Loop. (RTD shown.) 
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ADVANCE INFORMATION SUBJECT TO CHANGE 
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FIGURE 7. Isolated Power Line Monitor. 
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Channel 2 
(Same as Channel 1.) 



iohf: 




)20kH PWS740-2 



PWS740-3 



6 3 



2^ 1 3 2^ 1 



rvYV> 



Channel 3 
(Same as Channel 1.) 



PWS740-2 



Channel 4 
(Same as Channel 1.) 



FIGURE 8. Three-Port, Low-Cost, Four-Channel Isolated, Data Acquisition System. 
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BURR-BRONVN 








PWS725 
PWS726 



WTT 



Isolated, Unregulated 
DC/DC CONVERTERS 



FEATURES 

• ISOLATED ±7 TO ±18VDC OUTPUT FROM SINGLE 
7 TO 18VDC SUPPLY 

• ±15mA OUTPUT AT RATED VOLTAGE ACCURACY 

• HIGH ISOLATION VOLTAGE 

PWS725: ISOOVrms 
PWS726: 3500Vrms 

• LOW LEAKAGE CAPACITANCE: 9pF 

• LOW LEAKAGE CURRENT: ^^K max, at 240VAC 
50/60HZ 

• HIGH RELIABILITY DESIGN 

• AVAILABLE WITH OUTPUT SYNCHRONIZATION 
SIGNAL FOR USE WITH IS0120 AND IS0121 

DESCRIPTION 

The PWS725 and PWS726 convert a single 7 to 
I8VDC input to bipolar voltages of the same value 
as the input voltage. The converters are capable of 
providing ±I5mA at rated voltage accuracy and up 
to ±40mA without damage. (See Output Current 
Rating.) 

The PWS725 and PWS726 converters provide relia- 
ble, engineered solutions where isolated power is 
required in critical applications. The high isolation 
voltage rating is achieved through use of a specially- 
designed transformer and physical spacing. An addi- 
tional high dielectric-strength, low leakage trans- 
former coating increases the isolation rating of the 
PWS726. 

Reliability and performance are designed in. The 
bifilar wound, wirebonded transformer simultan- 
eously provides lower output ripple than competing 
designs, and a higher performance/ cost ratio. The 



• PROTECTED AGAINST OUTPUT FAULTS 

• COMPACT 

• LOW COST 

• EASY TO APPLY-FEW EXTERNAL PARTS 

APPLICATIONS 

• MEDICAL EQUIPMENT 

• INDUSTRIAL PROCESS EQUIPMENT 

• TEST EQUIPMENT 

• DATA ACQUISITION 



soft-start oscillator/ driver design assures full oper- 
ation of the oscillator before either MOSFET driver 
turns on, protects the switches, and eliminates high 
inrush currents during turn-on. Input current sensing 
protects both the converter and the load from 
possible thermal damage during a fault condition. 
Special design features make these converters espe- 
cially easy to apply. The compact size allows dense 
circuit layout while maintaining critical isolation 
requirements. The Input Sync connection allows 
frequency synchronization of multiple converters. 
The Output Sync (PWS725A and PWS726A only) 
is available to synchronize ISO 120 and ISO 121 
isolation amplifiers. The Enable input allows control 
over output power in instances where shutdown is 
desired to conserve power, such as in battery-powered 
equipment, or where sequencing of power turn- 
on/ turn-off is desired. 
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SPECIFICATIONS 



ELECTRICAL 

Ta = +25''C, Cl = 1 OfjiF ceramic, Vin = 15VDC, operating frequency = 800kHz, Vout = ±15VDC, Cin = 



^.0/Jf ceramic, lour = ±15mA, unless otherwise noted. 



PARAMETERS 


CONDITIONS 


PWS725/725A PWS726/726A 


UNITS 


MIN 


TVP 


MAX 1 MIN 1 TYP 1 MAX 


INPUT 1 


Rated Voltage 






15 






* 




VDC 


Input Voltage Range 




7 




18 


* 




* 


VDC 


Input Current 


lo = ±15mA 




77 






* 




mA 


Input Current Ripple 


No external filtering 

L-C input filter, Un = lOOyt/H, Cin = lyuF'^' 

C only, Cin = l/uF 




150 
5 
60 






* 

* 




mAp-p 
mAp-p 
mAp-p 


ISOLATION 1 


Test Voltages 


Input to output, 10 seconds 

Input to output, 60 seconds, minimum 


4000 
1500 






8000 
3500 






VDC 
Vrms 


Rated Voltage 


Input to output, continuous, AC 60Hz 
Input to output, continuous DC 






1500 
2121 






3500 
4950 


Vrms 
VDC 


Isolation Impedance 


Input to output 




10^^119 






* 




QllpF 


Leakage Current 


Input to output, 240Vrms, 60Hz 




1 2 


20 




* 


* 


A/A 


OUTPUT 1 


Rated Output Voltage 




14 25 


15 00 


15 75 


* 


* 


* 


VDC 


Output Current 


Balanced loads 
Single-ended 




15 


40 
80 




* 


* 


mA 
mA 


Load Regulation 


Balanced loads, ±10mA < lour < ±40mA 






04 






* 


%/mA 


Ripple Voltage (400kHz) 


No external capacitor 

Lo = 10/[/H, Co = 1//F (Figure 1) 




60 
10 






* 




mVp-p 
mVp-p 




Lo = Oa(H, Co filter only 




See Performance Curves 






Output Switching Noise 


Lo = 10/iH, Co = 1 0/uF 




1 






* 




mVp-p 


Output Capacitive Load 


Lo = 100/wH, C filter 
C filter only 






10 
1 






* 


A/F 
//F 


Voltage Balance, V+, V- 






04 










% 


Sensitivity to AVm 






1 15 










V/V 


Output Voltage Temp Coefficient 






10 










mV/°C 


Output Sync Signal 


Square Wave, 50% duty cycle 




30 






* 




V.p-p 


PWS725A/PWS726A only 


















TEMPERATURE | 


Specification 




-25 




+85 


* 




* 


"C 


Operating 




-25 




+85 


* 




* 


°C 


Storage 




-25 




+125 


* 




* 


°C 



MECHANICAL 



PIN CONFIGURATION 




NOTE. Leads in true 
position within 010" 
( 25mm) R at MMC at 
seating plane 
Pin numbers shown for 
reference only. 
Numbers are not 
marked on package 



-f7 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1580 


1620 


4013 


4115 


B 


880 


900 


22 35 


22 86 


c 


310 


370 


7 87 


9 40 


D 


016 


020 


41 


51 


F 


040 TYP 


1 02 TYP 


G 


100 BASIC 


2 54 BASIC 


H 


044 


056 


112 


142 


J 


009 


012 


23 


30 


K 


150 


185 


3 81 


4 70 


L 


900 


920 


22 86 


23 37 


N 


040 


060 


102 


152 



-Vo 
NC 
NO C 
Output Ground C 



NC C13 

Input Ground C 14 

Input Sync C 15 

Vin C 16 



32 3 +Vo 

31 3 NC 

30 3 Output Ground 

29PPWS725 ^^ ^, ^,, 

PWS726 S ^° ^°^ ^^^ 

PWS725A ) _ 

PWS726Al°"*P"*Sy"^ 



20 3 Frequency Adjust 
19 3 Frequency Adjust 
18 3 Enable 
17 3 NC 
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TYPICAL PERFORMANCE CURVES 

Ta = +25° C, Vcc - ±15VDC unless otherwise noted 



OUTPUT CAPACITANCE vs RIPPLE VOLTAGE 



LOAD REGULATION 
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= ±15V 
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INPUT CURRENT VS OUTPUT CURRENT 
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LINE REGULATION 
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SYNC FREQUENCY VS INPUT CURRENT 
AND OUTPUT VOLTAGE 



+50 

Temperature (°C) 




liNPUT (lo = +15mA) 

400 80O 1200 1600 

SYNC Frequency (kHz) 

(Optional External Control) 



THEORY OF OPERATION 

The PWS725 and the PWS726 DC-to-DC converters 
consist of a free-running oscillator, control and switch 
driver circuitry, MOSFET switches, a transformer, a 
bridge rectifier, and filter capacitors together in a 32-pin 
DIP (0.900 inches nominal) package. The control cir- 
cuitry consists of current limiting, soft start, frequency 
adjust, enable, and synchronization features. See Figure 1. 



In instances where several converters are used in a 
system, beat frequencies developed between the con- 
verters are a potential source of low frequency noise in 
the supply and ground paths. This noise may couple into 
signal paths. See Figures 2 and 3 for connection of INPUT 
SYNC pin. Converters can be synchronized and these beat 
frequencies avoided. The unit with the highest natural 
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V,N 



7-18VDC 



Frequency 
Increase'' 



DC X^ ,5, I 



Ari 



ml^ 



:20kQl 



OUTPUT SYNC (PWS725A, PWS726A Only) 

I 

0.22//F| 




(1) Frequency Adjust is optional, with pins 19 and 20 left open The normal switching frequency is 800kHz 

(2) Leave INPUT SYNC pin open if unused, limit stray capacitance on INPUT SYNC pin to less than 50pF 

(3) Leave ENABLE pin open or connect to Vin if not used 

(4) Optional output filtering, with Lo = 0, limit Co < lyuF, with Lo = 100/uH, limit Co < IO^jF, See Performance Curves for Lo = 

(5) Optional input filtering, see Performance Curves for Lin = 

(6) CAUTION Do not connect pin 29 to low impedance loads (PWS725A, PWS726A) See Figure 5 



FIGURE 1. PWS725/726 Functional Diagram. 




Keep Connection 
Short 



*Units to be synchronized should 
have a lower free-running 
frequency than the master unit 
Grounding FREQ ADJ (pin 19) 
will shift the free-running 
frequency to approximately 
400kHz 



f To Other f 

PWS725/726 
Converters 



FIGURE 2. Synchronization of Multiple PWS725s or 
PWS726s from a Master Converter. 

frequency will determine the synchronized running 
frequency. To avoid excess stray capacitance, the INPUT 
SYNC pin should not be loaded with more than 50pF. If 
unused, the INPUT SYNC must be left open. 
Soft start circuitry protects the MOSFET switches during 
start up. This is accomplished by holding the gate-to- 
source voltage of both MOSFET switches low until the 
free-running oscillator is fully operational. In addition to 
the soft start circuitry, input current sensing also protects 
the MOSFET switches. This current limiting keeps the 
FET switches operating in their safe operating area 
under fault conditions or excessive loads. When either of 
these conditions occur, the peak input current exceeds a 
safe limit. The result is an approximate 5% duty cycle, 
300jus drive period to the MOSFET switches. This 
protects the internal MOSFET switches as well as the 
external load from any thermal damage. When the fault 




62on 

MC1472 ■=■ / 

or Equivalent 1/8W 
Peripheral ^^. 

lOOfi 



Driver 



*Units to be synchronized should have a 
lower free-running frequency than the 
TTL signal Grounding FREQ ADJ (pin 19) 
will shift the free-running frequency to 
approximately 400kHz 

**The TTL SYNC signal can have a 
frequency range of 450kHz to 1 5MHz 



FIGURE 3. Synchronization of Multiple PWS725s or 
PWS726S from an External TTL Signal. 

or excessive load is removed, the converter resumes 
normal operation. A delay period of approximately 50/xs 
incorporated in the current sensing circuitry allows the 
output filter capacitors to fully charge after a fault is 
removed. This delay period corresponds to a filter 
capacitance of no more than IjuF at either of the output 
pins. This provides full protection of the MOSFET 
switches and also sufficiently filters the output ripple 
voltage (see specification table). The current sensing 
circuitry is designed to provide thermal protection for 
the MOSFET switches over the operating temperature 
range as well. The low thermal resistance of the package 
(0JC = 10°C/W) ensures safe operation under rated 
conditions. When these rated conditions are exceeded, 
the unit will go into its shutdown mode. 
An optional potentiometer can be connected between 
the two FREQUENCY ADJUST pins to trim the oscilla- 



Burr-Brown IC Data Book 



4-68 



Vol 33 



PWS725 
PWS726 



Monitor frequency with scope 
or frequency counter (use 
low C probe) 



20kn 

* 4 ^ Frequency 

Increase I 1 



n 



+5Vbe 



1 25/iS Nominal 
SYNC Signal 



♦For nominal 800kHz operation, leave pins 19 and 20 open 



FIGURE 4. Frequency Adjustment Procedure. 

tor operating frequency ±10% (see Figure 4). Care 
should be taken when trimming the frequency near the 
low frequency range. If the frequency is trimmed too 
low, the peak inductive currents in the primary will trip 
the input current sensing circuitry to protect the MOSFET 
switches from these peak inductive currents. 

The ENABLE pin allows external control of output 
power. When this pin is pulled low, output power is 
disabled. Logic thresholds are TTL compatible. When 
not used, the Enable input may be left open or tied to 
ViN (pin 16). 

OUTPUT CURRENT RATING 

The total current which can be drawn from the PWS725 
or PWS726 is a function of total power being drawn 
from both outputs (see Functional Diagram). If one 
output is not used, then maximum current can be drawn 
from the other output. If both outputs are loaded, the 
total current must be limited such that: 

!1l+1 + |lL-|<80mA 

It should be noted that many analog circuit functions do 
not simultaneously draw full rated current from both the 



positive and negative supplies. For example, an opera- 
tional amplifier may draw 13mA from the positive 
supply under full load while drawing only 3mA from the 
negative supply. Under these conditions, the 
PWS725/726 could supply power for up to five devices 
(80mA -^ 16mA « 5). Thus, the PWS725/726 can power 
more circuits than is at first apparent. 

ISOLATION VOLTAGE RATINGS 

Because a long-term test is impractical in a manufacturing 
situation, the generally accepted practice is to perform a 
production test at a higher voltage for some shorter 
period of time. The relationship between actual test 
conditions and the continuous derated maximum specifi- 
cation is an important one. Burr-Brown has chosen a 
deliberately conservative one: VDCtest = (2 X VACrms 
CONTINUOUS rating) + lOOOV for ten seconds. This choice 
is appropriate for conditions where system transient 
voltages are not well defined.* Where the real voltages 
are well-defined or where the isolation voltage is not 
continuous, the user may choose a less conservative 
derating to establish a specification from the test voltage. 



OUTPUT SYNC SIGNAL 

To allow synchronization of an ISO 120 or ISO 121 
isolation amplifier, the PWS725A and PWS726A have 
an OUTPUT SYNC signal at pin 29. It should be 
connected as shown in Figure 5 to keep capacitive 
loading of pin 29 to a minimum. 
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FIGURE 5. Synchronization with ISO 120 or ISO 121 
Isolation Amplifier. 



♦Reference National Electrical Manufacturers Association (NEMA) Standards Parts ICS 1-109 and ICS I-Ul. 
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ABWANCE INFi 



BURR-BRO>VIM* 



PWS727 



ADVANCE rNFORMATION 
SUBJECT TO CHANGE 



Isolated, Unregulated 
DC/DC CONVERTER 



FEATURES 

• 100% TESTED FOR HIGH-VOLTAGE 
BREAKDOWN 

• RATED ISOOVrms 

• ±15mA OUTPUT AT RATED VOLTAGE 
ACCURACY 

• COMPACT 

• EASY TO APPLY 

• FEW EXTERNAL PARTS 

DESCRIPTION 

The PWS727 converts a single lOVDCto 18VDC input 
to bipolar voltages of the same value as the input volt- 
age. The converters are capable of providing ± 15mA at 
rated voltage accuracy and up to ±30mA without dam- 
age. 

The PWS727 provides reliable, engineered solutions 
where isolated power is required. Special design fea- 
tures make these converters easy to use. 



APPLICATIONS 

INDUSTRIAL PROCESS CONTROL 
EQUIPMENT 

• GROUND-LOOP ELIMINATION 

• PC-BASED DATA ACQUISITION 

• TEST EQUIPMENT 

• VENDING MACHINES 



The compact size allows dense circuit layout, while 
maintaining critical isolation requirements. TTLjj^ and 
TTLqut connections allow frequency synchronization 
of up to eight converters to a master converter. Synchro- 
nization to an extemal clock is also possible with the 
TTLjj^ function. The Enable allows control over output 
power in instances where shutdown is desired to con- 
serve power, or where sequential power turn on/tum off 
is desired. 



Sync 




10^iH* 



* User Option 



-Vo6 +V„c 
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SPECIFICATIONS 



At T^ ■ as^C and V^ « +15V; Output Load « ±15mA unless otherwise noted 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


ISOLATION 












Voltage Rated Continuous AC 60Hz 




1500 






VAC 


100% Test <" 


is. 5pC PD 


2400 






VAC 


Banier Impedance 






10^*118 




QllpF 


LBakage Current at 60Hz 


V^ - 240Vmis 




1.0 


1.5 


fiArms 


INPUT 












Rated Voltage 






15 




V 


Voltage Range 




10 




18 


V 


Cun-ent 


±30mA Output 


90 


100 


110 


mA 


Current Ripple 


0.3 nF Capacitive Filter 




150 




mAp-p 




LC Input Filter 




5 




mAp-p 


Current Umit 


Outputs Shorted 




250 




mAp-p 


OUTPUT 












Rated Output Voltage 




±14.25 


±15.00 


±15.75 


V 


Output Cun-ent 


Balanced Loads 




±15 


±30 


mA 




Single-Ended 






60 


mA 


Load Regulation 


Balanced Loads 
±10mA to ±40mA 






0.6 


%/mA 


Ripple Voltage (800kHz) 


0.3nF External Caps 
External Filter per Diagram 




9 




mVp-p 


Output Switching Noise 






60 




mVp-p 


Output Capacitive Load 






5 




HF 


Voltage Balance +V. -V 






10 




mV 


Sensitivity to V,^ 






1.15 




VN 


Output VoltageTemp Coefficient 






10 




mV/'C 


TEMPERATURE RANGE 












Specification 









70 


«C 


Operating 




-25 




85 


°C 






-25 




85 


°C 


0^ 






100 




«C/W 



CM 
(0 



NOTES: (1 ) Tested at 1 .6 x rated, fail on 5pC partial discharge leakage cun-ent on 5 successive pulses. 



ORDERING INFORMATION 



PIN CONFIGURATION 



Basic Model Number - 



PWS727 
I 



ABSOLUTE MAXIMUM RATINGS 



Supply Voltage 1 8V 

Continuous isolation Voltage 1500Vmis 

Junction Temperature +1 50°C 

Storage Temperature +85°C 

Lead Temperature (soldering, 10s) +300''C 

Output Short-to-Common Continuous 



NC \T 




E +Vo 


Sync [T 




27] Output Gnd 


NC [7 




g] -V, 


NC \£ 




il NC 


NC |iT 




is] NC 


Vo E 




E] TT^, 


Input Gnd |l3 




lU TTL^ 


+V^ |l4 




15| Enable 
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MECHANICAL 



28-Pin Double-Wide DIP 
A 



oooo 

n 



□ 



rOi 



JU 



n 





INCHES 


MILUMETERSI 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


1.440 


1.460 


36.68 


37.08 


B 


.690 


.710 


17.53 


18.03 


C 


.390 


.410 


9.91 


10.41 


G 


.100 BASIC 


2.54 BASIC 


H 


.020 BASIC 


0.51 BASIC 


K 


.190 1 .210 


4.83 i5.33 


L 


.600 BASIC 


15.24 BASIC 



NOTE: Leads In true 
position within O.or 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
mari<ed on package. 
Pin material and 
plating composition 
confonrt to method 
2003 (solderability of 
MIL-STO-883 
(except paragraph 
3.2). 
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ADVANCE INFORMATION SUBJECT TO CHANGE 



BURR-BRO>A^N^ 



PWS728 

ADVANCE INFORMATION 
SUBJECT TO CHANGE 



Isolated, Unregulated 
DC/DC CONVERTER 



00 

i 



FEATURES 

• 100% TESTED FOR HIGH-VOLTAGE 
BREAKDOWN 

• RATED ISOOVrms 

• ±15mA OUTPUT AT RATED VOLTAGE 
ACCURACY 

• COMPACT 

• EASY TO APPLY 

• FEW EXTERNAL PARTS 

DESCRIPTION 

ThePWS728convertsasingle5VDCinputto±15VDC. 
The converter is capable of providing ±15mA at rated 
voltage accuracy and up to ±30mA without damage. 

The PWS728 provides reliable, engineered solutions 
where isolated power is required. Special design fea- 
tures make these converters easy to use. 

The compact size allows dense circuit layout, while 
maintaining critical isolation requirements. TTLjj^ and 



APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL 

EQUIPMENT 

• GROUND-LOOP ELIMINATION 

• PC-BASED DATA ACQUISITION 

• TEST EQUIPMENT 

• VENDING MACHINES 



TTLqu^p connections allow frequency synchronization 
of up to eight converters to a master converter. Syn- 
chronization to an external clock is also possible with 
the TTLjj^ function. The Enable allows control over 
output power in instances where shutdown is desired 
to conserve power, or where sequential power turn on/ 
tum off is desired. 
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* User Option 
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SPECIFICATIONS 



AtT^ = 25°CanclV,^ = +5V; Output Load = ±15mA unless otherwise noted 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


ISOLATION 

Voltage Rated Continuous AC 60Hz 
100% Test <^) 
Barrier Impedance 
Leakage Current at 60Hz 


is. 5pC PD 
V,3o = 240Vrms 


1500 
2400 


10" II 8 
1.0 


1.5 


VAC 
VAC 
QllpF 
^Arms 


INPUT 

Rated Voltage 
Voltage Range 
Current 
Current Ripple 

Current Limit 


±30mA Output 

0.3 nF Capacitive Filter 

LC Input Filter 

Outputs Shorted 


4.5 
110 


5 

130 

150 

5 

375 


5.5 
150 


V 

V 

mA 

mAp-p 

mAp-p 

mAp-p 


OUTPUT 

Rated Output Voltage 
Output Current 

Load Regulation 

Ripple voltage {800kHz) 

Output Switching Noise 
Output Capacitive Load 
Voltage Balance +V.-V 
Sensitivity to V,^ 
Output VoltageTemp Coefficient 


Balanced Loads 

Single-Ended 

Balanced Loads 

±7mA to ±22mA 

0.3^F External Caps 

External Filter per Diagram 


±14.25 


±15.00 
±15 

9 

60 
5 
10 
4.6 
10 


±15.75 

±30 

60 

2 


V 

mA 
mA 
%/mA 

mVp-p 

mVp-p 

HF 

mV 

V/V 

mV/»C 


TEMPERATURE RANGE 

Specification 

Operating 

Storage 





-25 
-25 


100 


+70 
+85 
+85 


°C 

OC 

"C/W 



NOTES: (1 ) Tested at 1 .6 x rated, fail on 5pC partial discharge leakage current on 5 successive pulses. 



ORDERING iNFORMATION 



PIN CONFIGURATION 



Basic Model Number - 



PWS728 
1 



ABSOLUTE MAXIMUM RATINGS 



Supply Voltage 5.75V 

Continuous Isolation Voltage 1500Vmis 

Junction Temperature.. +150OC 

Storage Temperature +85*0 

Lead Temperature (soldering, 10s) +30000 

Output Short-to-Common ■. Continuous 



NO \T 




U +v„ 


Sync \£ 




^ Output Gnd 


NO |7 




^ -Vo 


NO [T 




SI NC 


NO [77 




iU NC 


Vo E 




in TT^, 


Input Gnd [l3 




ill TTL^ 


+v. lu 




15] Enable 
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MDWANCE INFORMATION SUBJECT TO CHANGE 



MECHANICAL 



28-Pln Doubl»-Wide DrP 
A 



600 

n 



:□ 




L U 





INCHES 


MILUM6TERS 1 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


1.440 


1.460 


36.56 


37.08 


B 


.690 


.710 


17.53 


18.03 


C 


.390 


.410 


9.91 


10.41 


G 


.100 BASIC 


2.54 BASIC 


H 


.020 BASIC 


0.51 BASIC 


K 


.190 1 .210 


4.83 15.33 


L 


.600 BASIC 


15.24 BASIC 



NOTE: Leads In taie 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 
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BURR-BRO>VN® 




PWS740 



Distributed IVIultichannel Isolated 
DC-TO-DC CONVERTER 



FEATURES 

• ISOLATED ±7 TO ±20VDC OUTPUTS 

• BARRIER 100% TESTED AT 1500VAC, 60Hz 

• LOWEST POSSIBLE COST PER CHANNEL 

• MINIMUM PC BOARD SPACE 

• 80% EFFICIENCY (8 CHANNELS. RATED LOADS) 

DESCRIPTION 

The PWS740 is a multichannel, isolated DC-to-DC 
converter with a 1500VAC continuous isolation 
rating. The outputs track the input voltage to the 
converter over the range of 7 to 20VDC. The 
converter's modular design, comprising three com- 
ponents, minimizes the cost of isolated multichannel 
power for the user. 

The PWS740-1 is a high-frequency (400kHz nominal) 
oscillator/ driver, handling up to eight channels. 
This part is a hybrid containing an oscillator and 
two power FETs. It is supplied in a TO-3 case to 



APPLICATIONS 

• INDUSTRIAL MEASUREMENT AND CONTROL 

• DATA ACQUISITION SYSTEMS 

• TEST EQUIPMENT 



provide the power dissipation necessary at full load. 
Transformer impedance limits the maximum input 
current to about 700mA at 15V input, well within the 
unit's thermal limits. A TTL-compatible ENABLE 
pin provides output shut-down if desired. A SYNC 
pin allows synchronization of several PWS740-ls. 
The PWS740-2 is trifilar-wound isolation transformer 
using a ferrite core and is encapsulated in a plastic 
package, allowing a higher isolation voltage rating. 
The PWS740-3 is a high-speed rectifier bridge in a 
plastic 8-pin mini-DIP package. One PWS740-2 and 
one PWS740-3 are used per isolated channel. 



-Vo Gndl +Vo 



**User Option 



Functional Diagram 



♦Optional features, if unused, leave open 
PWS740-1 



V+ 
O 



Enable 



Sync 



:5 



+V,N 



Freq 
Ad] 



v^t; 



V- 



Oscillator/ 
Driver 



^ 



Id I 3 



^^ 



10//F 20//H 



SJ6 




10/uH 10/^H 



3//F'HI-HI-* 3/yF 



PWS740-3 
AC AC 

^ l 2j[ 3, 
ACf T |AC AC 

PWS740-2 



OSfjF ^ 




[Up to 
6 More 
Channels 
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SPECIFICATIONS 



ELECTRICAL 

NOTE ViN = 15V, output load on each of 8 channels = ±15mA, Ta = +25°C unless specified otherwise 



PARAMETER 


CONDITION 


MIN 


TYP 


MAX 


UNITS 1 


PWS740 SYSTEM | 


ISOLATION 












Rated Voltage 


Continuous, AC, 50/60H2 






1500 


VACrms 




Continuous, DC 






2121 


VDC 


Test Voltage 


10s, minimum 


4000 






VACrms 


Impedance 


Measured from pin 2 to pin 5 of the PWS740-2 




10^^13 




OllpF 


Leakage Current 


240VACrms, 60Hz per channel 




05 


15 


yuA 


INPUT 












Rated Voltage 






15 




VDC 


Voltage Range 




7 




20 


VDC 


Current 


+30mA output load on 8 channels, V,n = 15V 




520 




mA 




Rated output load on 8 channels, Vin = 15V 




300 




mA 


Current Ripple 


Full output load on 8 channels, Vin = 15V with n filter on input 




1 




mA 


OUTPUT 












Rated Voltage 


±15mA output load on 8 channels 


14 


15 


16 


VDC 


Voltage at Mm Load 


±1mA/channel 




30 




VDC 


Voltage Range 


±15mA output load on each channel 


±7 




±20 


VDC 


VouT vs Temp 


+15mA output load on each channel 




±0 05 




V/°C 


Load Regulation 


±3mA < output load < ±30mA 




25 




V/mA 


Tracking Regulation 


Vout/V.n 




1 2 




V/V 


Ripple Voltage 


See Typical Performance Curves 










Noise Voltage 


See Theory of Operation 










Current |+Iout| + |-Iout| 


Each channel 






60 


mA 


TEMPERATURE 












Specification 




-25 




+85 


X 


Operation 




-25 




+85 


°C 


PWS740-1 OSCILLATOR/DRIVER | 


Frequency 


ViN = 15V 


350 


400 


470 


kHz 


Supply 




70 


15 


20 


V 


Enable 


Drivers on 


20 




Vs 


V 




Drivers off 







08 


V 


PWS740-2 ISOLATION TRANSFORMER | 


Isolation Test Voltage 


10s, minimum 


4000 






VACrms 




60s, minimum 


1500 






VACrms 


Rated Isolation Voltage 


Continuous 






1500 


VACrms 


Isolation Impedance 






10^" II 3 




OllpF 


Isolation Leakage 


240VAC 




05 


1 5 


/"A 


Primary Inductance 


400kHz, Pin 1 to Pin 5 




300 




/iH 


Winding Ratio 


Primary/Secondary 




68/76 






PWS740-3 DIODE BRIDGE | 


Reverse Recovery 


If = Ir = 50mA 




40 




ns 


Reverse Breakdown 


Ir = lOOyuA 


55 






V 


Reverse Current 


Vr = 40V 






1 5 


^^ 


Forward Voltage 


If = 100mA 






1 6 


V 



PIN CONFIGURATIONS 



Freq Ad] 




Top Views 
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Plastic DIP 

PWS740-2 (Drawings Not to Scale) 
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MECHANICAL 



TO-3 





m A 




C-| 




1 




1 








Seating 


/ 

Plane 






.-J 


, 










NOTE Leads in true position 
within 010" (0 25mm) R at MMC at 
seating plane 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


1510 


1550 


38 35 


39 37 


B 


745 


770 


18 92 


19 56 


C 


240 


290 


610 


7 37 


D 


038 


042 


97 


1 07 


E 


080 


105 


2 03 


2 67 


F 


40° BASIC 


40° BASIC 


G 


500 BASIC 


12 7 BASIC 


H 


1 186 BASIC 


30 12 BASIC 


J 


593 BASIC 


15 06 BASIC 


K 


400 


500 


1016 


12 70 


Q 


151 


161 


3 84 


4 09 


R 


980 


1 020 


24 89 


25 91 



Plastic DIP 



Pinl 
Identifier 



Top View 



— A — 






1 


-• 


1 1 

B, B 
1 







K-J ^ C2 



NOTE Leads in true position 
withm 010" (0 25mm) R at MMC at 
seating plane 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


54 


064 


13 72 


1626 


B, 


39 


49 


9 91 


12 45 


Bj 


54 


064 


13 72 


16 26 


C, 


39 


052 


9 91 


13 21 


C2 


29 


044 


864 


11 18 


G 


200 BASIC 


5 08 BASIC 


K 


Oil 021 


279 1 533 


G 


400 BASIC 


1016 BASIC 



Plastic Mini-DIP 

— A • 

- Ai — 



■^ r^ HN 



I 



Top View ^ Pin 1 



Bi B 

11 




^ 



e 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


355 


400 


9 03 


1016 


Ai 


340 


385 


8 65 


9 80 


B 


230 


290 


5 85 


7 38 


Bi 


200 


250 


5 09 


6 36 


C 


120 


200 


3 05 


5 09 


D 


015 


023 


38 


59 


F 


030 


070 


76 


178 


G 


100 BASIC 


2 54 BASIC 


H 


025 


050 


64 


1 27 


J 


008 


015 


20 


38 


K 


070 


150 


1 78 


3 82 


L 


300 BASIC 


7 63 BASIC 


M 


0° 


15° 


0° 


15° 


N 


010 


030 


25 


76 


P 


025 


050 


64 


127 



NOTE. Leads in true position 
within 010" (0 25mm) R at MMC at 
seating plane 
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TYPICAL PERFORMANCE CURVES 



Vripple VS Cload 



LINE REGULATION 
1 THROUGH 8 CHANNELS 





02 04 06 08 1( 
Cload (yuF) 







EFFICIENCY VS LOAD 
1,4, AND 8 CHANNELS 
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+15V 
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TYPICAL PERFORMANCE CURVES (CONT) 



OUTPUT VOLTAGE DRIFT 



LOAD REGULATION 
1, 4 AND 8 CHANNELS 











lo = ±15mA 
V,N = +15V 
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See Functional Diagram 1 

III 
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PIN DESCRIPTIONS OF 
PWS740-1 DRIVER 

+V,N, RETURN, AND GND 

These are the power supply pins. The ground connection, 
RETURN, for the N-channel MOSFET sources is brought 
out separately from the ground connection for the oscilla- 
tor/driver chip. The waveform of the FETs' ground 
return current (and also the current in the Vdrive line) is 
an 800kHz sawtooth. A capacitor between +Vin and the 
FET ground provides a bypass for the AC portion of this 
current. 

The power should never be instantaneously interrupted 
to the PWS740 system (i.e., a break in the line from V+, 
either accidental or by means of a series switch). Normal 
power-down of the V+ supply is not considered instan- 
taneous. Should a rapid break in input power occur, 
however, the transformers' voltage will rapidly increase 
to maintain current flow. Such a voltage spike may 
damage the PWS740-1. The bypass capacitors at the 
+ViN pin of the PWS740-1 and the Vdrive pins of the 
transformers provide a path for the primary current if 
power is interrupted; however, total protection requires 
some type of bidirectional lA voltage clamping at the 
+ViN pin. A low cost SA20A TransZorb® from General 
Semiconductor''^ or equivalent, which will clamp the 
+ViN pin between — .6V and +23V, is recommended. 

To AND To 

These pins are the drains of the N-channel MOSFET 
switches which drive all the transformer primaries in 
parallel. The signals on these pins are 400kHz comple- 
mentary square waves with twice the amplitude of the 
voltage at +Vin. It is these lines that allow the power to 
be distributed to the individual high voltage isolation 
transformers. Without proper printed circuit board layout 



(!) General Semiconductor Industries Inc , 2001 W 10th Place, Tempe AZ 
85281, 602-968-3101 

TransZorb® General Semiconductor Industries Inc 



techniques, these lines could generate interference to 
analog circuits. See the next section on PCB layout. 

ENABLE 

A high TTL logic level on this pin activates the MOSFET 
driver circuitry. A low TTL level applied to the ENABLE 
pin shuts down all drive to the transformers and the 
output voUages go to zero (only the oscillator is unaffec- 
ted). For continuous operation, the ENABLE pin can be 
left open or tied to a voltage between +2V and V+. 

SYNCHRONIZATION 

The SYNC pin is used to synchronize up to eight 
PWS740-1 oscillators. Synchronization is useful to pre- 
vent beat frequencies in the supply voltages. The SYNC 
pins of two or more PWS740-ls are tied together to force 
all units to the same frequency of oscillation. The 
resultant frequency is slightly higher than that of the 
highest unsynchronized unit. If this feature is not 
required, leave the SYNC pin open. The SYNC pin is 
sensitive to capacitance loading. l50pF or less is recom- 
mended. Also external parasitic capacitive feedback 
between either To and the SYNC pin can cause unstable 
operation (commonly seen as jitter in the To outputs). 
Keep SYNC connections and To lines as physically 
isolated as possible. Avoid shorting the SYNC pin 
directly to ground or supply potentials; otherwise, damage 
may result. 

Figure 1 shows a method for synchronizing a greater 
number of PWS740-1 drivers. One unit is chosen as the 
master. Its synchronization signal, buffered by a high- 
speed unity gain amplifier can synchronize up to 20 slave 
units. Pin 1 of each slave unit must be grounded to 
assure synchronization. Minimize capacitive coupling 
between the buffered sync line and the outputs of the 
drivers, especially at the end of long lines. Capacitance 
to ground is not critical, but total stray capacitance 
between the sync line and switching outputs should be 
kept below 50pF. Where extreme line lengths are needed, 
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such as between printed circuit boards, additional 
OPA633 buffers may be added to keep drive impedance 
at an acceptably low value. Because of temperature- 
influenced shifts in the switching levels, best operation of 
this circuit will occur when differences in ambient temp- 
eratures between the PWS740-1 drivers are minimized, 
typically within a 35°C range. 

If larger temperature gradients are likely to occur, the 
user may wish to consider the synchronization method 
shown in Figure 2. This circuit is driven from an external 
TTL-compatible source such as a system clock or a 
simple free-running oscillator constructed of TTL gates. 
The output stage provides temperature compensation 
over the rated temperature range of the PWS740. The 
signal source frequency should be about 800kHz for 
rated performance, but may range from 500kHz to 
2MHz with slightly reduced performance. Precautions 
with regard to circuit coupling and layout are the same 
as for the circuit of Figure 1. Repeaters using the 
OPA633 may be used for long line lengths. Symmetry 
and good high-frequency layout practice are important 
in successful application of both of these synchronization 
techniques. 

FREQUENCY ADJUSTMENT 

The FREQ AD J pin may be connected to an external 
potentiometer to lower an unsynchronized PWS740-1 
oscillator frequency. This may be useful if the frequency 
of the PWS740-1 is too close to some other signal's 
frequency in the system and beat interference is possible. 
See Typical Performance Curves. Use of this pin is not 
usually required; if not used, leave open for rated 
performance. 

THEORY OF OPERATION 

EXTERNAL FILTER COMPONENTS 

Filter components are necessary to reduce the input 
ripple current and the output voltage noise. Without any 
input filtering, the sawtooth currents in the FET switches 
would flow in the V+ supply line. Since this AC current 
can be as great as lA peak, voltage interference with 
other components using this supply line would likely 
occur. The input ripple current can be reduced to 
approximately 1mA peak with the addition of two 
components — a bypass capacitor between the +Vin pin 
and ground, and a series inductor in the Vdrive line. A 
lOjuF tantalum capacitor is adequate for bypass. A 
parallel 0.33/liF ceramic capacitor will extend the band- 
width of the tantalum. Additional bypass capacitors 
at each primary center-tap of the transformers are 
recommended. In general, the higher the capacitance, the 
lower the ripple, but the parasitic series inductance of the 
bypass capacitors will eventually be the limiting factor. 
The inductor value recommended is approximately 20juH. 
Greater reduction in ripple current is achieved with 
values up to lOO/iH; then physical size may become a 
concern. The inductor should be rated for at least 2 A 

(2) Pulse Engineering, PO Box 12235, San Diego CA 92112, 619-268-2400. 



and its DC resistance should be less than O.IO. An 
example of a low cost indicator is part number 51591 
from Pulse Engineering^^^ 

Output voltage filtering is achieved with a 0.33/xF 
capacitor connecting each Vout pin of the diode bridge 
to ground. Short leads and close placement of the 
capacitors to the unit provide optimum high frequency 
bypassing. The 800kHz output ripple should be below 
5mVp-p. Higher frequency noise bursts are also present 
at the outputs. They coincide with the switch times and 
are approximately 20mV in amplitude. Inductance of 
lO/uH or less in series with the output loads will signifi- 
cantly reduce the noise as seen by the loads. 

PC BOARD LAYOUT CONSIDERATIONS 

Multilayer printed circuit boards are recommended for 
PWS740 systems. Two-layer boards are certainly possible 
with satisfactory operation; however, three layers provide 
greater density and better control of interference from 
the FET switch signals. Should four-layer boards be 
required for other circuitry, the use of separate layers for 
power and ground planes, a layer for switching signals, 
and a layer for analog signals would allow the most 
straightforward layout for the PWS740 system. The 
following discussion pertains to a three- or four-layer 
board layout. 

Critical consideration should go to minimizing electro- 
magnetic radiation from the switching signal's lines, To 
and To. You can identify the path of the switching 
current by starting at the +Vin pin. The dynamic 
component of the current is supplied primarily from the 
bypass capacitor. The high frequency current flows 
through the inductor and down the Vdrive line, through 
one side of the transformer windings, returning in the To 
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FIGURE 1. Master/ Slave Synchronization of Multiple 
PWS740 Drivers. 
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: (1) See text for frequency range; duty cycle = 5-75% (2) Typical waveform at 25"'C Active pull-up 

initiates synchronization; pulse width is set by PWS740 pull-down characteristics and is not affected by frequency of operatior 
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FIGURE 2. External Synchronization of Multiple PWS740 Drivers with TTL-Level Signals. 



with the "on" FET switch, and then back up through the 
bypass capacitor. This current path defines a loop 
antenna which transmits magnetic energy. The magnetic 
field lines reinforce at the center of the loop, while the 
field lines from opposite points of the loop oppose each 
other outside the loop. Cancellation of magnetic radiation 
occurs when the loop is collapsed to two tightly spaced 
parallel line segments, each carrying the same current in 
opposite directions. For this reason, the printed circuit 
traces for both To connections should lay directly over a 
power plane forming the Vdrive connection. This plane 
need not extend much wider than To and To. All of the 
current in the plane will flow directly under the To traces 
because this is the path of least inductance (and least 
radiation). 

Another potential problem with the To lines is electric 
field radiation. Fortunately, the Vdrive plane is effective 
at terminating most of the field lines because of its 
proximity to these lines. Additional shielding can be 
obtained by running ground trace(s) along the To lines, 
which also facilitate minimum loop area connections for 
the transformer's center tap bypass capacitors. 
The connections between the secondary (output side) of 
the transformer and the diode bridges should be kept as 
short as possible. Unnecessary stray capacitance on these 
lines could cause tuned circuit peaking to occur, resulting 
in a slight increase of output voltage. 

The PWS740 is intended for use with the ISO102 isolation 
buffer (see Figure 3). Place the PWS740-2 transformer on 
the Voui side of the buffer rather than on the Ci 
(bandwidth control) side to prevent possible pickup of 
switch signal by the ISO102. 

The best ground connection ties the ISO102 output 
analog common pin to the PWS740-1 ground pin with a 
ground plane. This is where a four-layer board design 
becomes convenient. The digital ground of the ISO102 
can be connected to the ground plane or closer to the +V 



supply. If possible, you should include the analog com- 
ponents that the ISO102 drives on the same board. For 
example, if several ISO102s are mutliplexed to an ana- 
log/digital converter, then having all components sharing 
the same ground plane will signficantly simplify ground 
errors. Avoid connecting digital ground and the PWS740 
ground together locally, leaving the ISO102 analog 
ground to be connected off of the board; the differential 
voltage between analog and digital ground may become 
too great. 

OUTPUT CURRENT RATINGS 

The PWS740-1 driver contains "soft-start" driver circuitry 
to protect the driver FETs and eUminate high inrush 
currents during turn-on. Because the PWS740 can have 
between one and eight channels connected, it was not 
possible to provide a suitable internal current Umit 
within the driver. Instead, impedance-limiting protects 
the driver and transformer from overload. This means 
that the internal impedance of each PWS740-2 trans- 
former is high enough that, when short-circuited at its 
output, it limits the current drawn from the driver to a 
safe value. In addition, the wire size and mass of the 
transformer are large enough that the transformer does 
not receive damage under continuous short-circuit condi- 
tions. 

The PWS740-1 is capable of driving up to eight indi- 
vidual channels to their full current rating. The total 
current which can be drawn from each isolation channel 
is a function of total power being drawn from both DC 
V+ and V— outputs. For example, if one output is not 
used, then maximum current can be drawn from the 
other output. In all cases, the maximum total current 
that can be drawn from any individual channel is: 
|Il+| + |Il-| <60mA 

It should be noted that many analog circuit functions do 
not simultaneously draw full rated current from both the 



12 
o 

3 
Q 

o 

GC 
Q. 

Z 

o 

mmm 

H 
< 

-1 

o 

(0 



Burr-Brown IC Data Book 



4-81 



Vol. 33 



20//H lOyuPJ: ^0 3/yF 



+15V* 
-15V* 
Gndl 



'■'Supplies ±l5mA of isolated 
supply current per channel. 

■* WestCap DKM-10 or equivalent 
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FIGURE 3. Low Cost Eight-Channel Isolation Amjilifier Block with Channel-to-Channel Isolation. 



positive and negative supplies. Thus, the PWS740 can 
power more circuits per channel than is first apparent. 
For example, an operational amplifier does not draw 
maximum current from both supplies simultaneously. If 
a circuit draws 10mA from the positive supply and 3mA 
from the negative supply, the PWS740 could power (60 
-^ 13) about four devices per channel. 

ISOLATION VOLTAGE RATINGS 

Because a long-term test is impractical in a manufac- 
turing situation, the generally accepted practice is to 



perform a production test at a higher voltage for some 
shorter period of time. The relationship between actual 
test conditions and the continuous derated maximum 
specification is an important one. Burr-Brown has chosen 
a deliberately conservative one: Vtest ^ (2 X Vcontinuous 
rating) + lOOOV. This choice is appropriate for conditions 
where system transient voltages are not well defined .^^^ 
Where the real voltages are well-defined or where the 
isolation voltage is not continuous, the user may choose 
a less conservative derating to establish a specification 
from the test voltage. 



(3) Reference National Electrical Manufacturers Association (NEMA) 
Standards part ICS I-I09 and ICSI-III 
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Isolated, Unregulated 
DC/DC CONVERTER COMPONENTS 



FEATURES 

• 100% TESTED FOR HIGH-VOLTAGE 
BREAKDOWN 

• COMPACT 

• MULTICHANNEL OPERATION 

• 5V OR 15V OPERATION 

DESCRIPTION 

PWS750 components can be used to optimize the place- 
ment on a PC board or to build a multichannel isolated 
DC/DC converter. The parts are all surface mount, 
requiring minimal space to build the DC/DC converter. 
The modular design, comprising three components, 
minimizes the cost of isolated multichannel power. 

PWS750-1U is a high-frequency (800kHz nominal) 
oscillator that can drive N-channel MOSFETs up to the 
size of a 1.3 A 2N7010. The recommended MOSFET 
for individual transformer drives is the 2N7002, made 
by Siliconix. The PWS750-1U is supplied in a 16-pin 
double-wide SO package. 



APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL 
EQUIMENT 

• GROUND-LOOP ELIMINATION 

• PC-BASED DATA ACQUISITION 

• VENDING MACHINES 



PWS750-2U and the PWS750-4U are bipolar-wound 
isolation transformers using a ferrite core and are encap- 
sulated in plastic packages, allowing a higher isolation 
voltage rating. 

The PWS750-3U is a high-speed rectifier bridge in a 
plastic 8-pin SO package. 

One PWS750-2U and PWS750-3U and two 2N7002 or 
2N7008 MOSFETs are usedperisolated channel. When 
a PWS750-4U is used as the isolation transformer, then 
two TN0604S must be used, due to the higher currents 
in the primary. 
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PWS750 SINGLE-CHANNEL LAYOUT 

* User Option, 

** Use TN0604 for 5V to ±15V operation. 



Duplicate for multi- 
channel operation with 
PWS750-4U. 
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SPECIFICATIONS 

ELECTRICAL 

At T^ = aS'C; +V,^ = +15V; and \o^„ = ±l5mA balanced loads unless othenwise noted. 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


PWS750-1U OSCILLATOR | 


Frequency 


V„=15V 


725 


800 


875 


kHz 


Supply 




10 


15 


18 


V 




5V Operation 


4.5 


5 


5.5 


V 


T, T Drive Current 






50 




mA peak 


T, T Drive Voltage 




3 




7 


V 


PWS750-2U +V„ to ±VouT ISOLATION TRANSFORMER | 


ISOLATION 












Voltage Rated Continuous AC 60Hz 




1500 






VAC 


100% Test 1 


1s,5pCPD 


2400 






VAC 


Barrier Impedance 






10'* II 8 




QllpF 


Leakage Current at 60Hz 


V,so = 240Vrms 




1.0 


1.5 


jiArms 


Winding Ratio 






48/50 






PWS750.3U DIODE BRIDGE | 


Reverse Recovery 


lf=lr = 50mA 




40 




ns 


Reverse Breakdown 


lr=100MA 


55 






V 


Reverse Current 


Vr = 40V 






1.5 


ma 


Fonward Voltage 


If = 100mA 






1.6 


V 


PWS750-4U +5 V„ TO ±15 V^^ISOL/I 


TiON TRANSFORMER 










ISOLATION 












Voltage Rated Continuous AC 60Hz 




1500 






VAC 


100% Test <^> 


is. 5pC PD 


2400 






VAC 


Barrier Impedance 






10'M|8 




"iipF 


Leakage Current at 60Hz 


V,3o = 240Vrms 




1.0 


1.5 


nArms 


Winding Ratio 


Primary/Secondary 




24/76 







NOTES: (1) Tested at 1.6 X rated, fail on 5pC partial disctiarge leakage current on five successive pulses. 



ORDERING INFORMATION 



Basic Model Number . 
PWS750-1U 
PWS750-2U 
PWS750-3U 
PWS750-4U 



PWS750 

~~n — 



ABSOLUTE MAXIMUM RATINGS 



Supply Voltage 

Junction Temperature 

Storage Temperature 

Lead temperature (soldering, 10s) 

Max Load, Sum of Both Outputs (PWS750-2U. 4U) . 



18V 

....ISO-'C 

85°C 

..+300°C 
60mA 



PIN CONFIGURATIONS 



PWS750-1U 






tE 

E 
V.E 
E 
E 
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E 
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uJttl,, 

El 

iilTTL,UT 
iTJGnd 

1o] Enable 


PWS750-3U 


PWS750-2U 
PWS750-4U 




E 

AC[T 

+v [T 




11 
D 

3 AC 

II 


NC [T 

AC |T 
Gnd |T 

AC [T] 


v^ 


8]nC 

I1t„ 

I]v. 




8-Pin SO 
Surface Mount 






8-Pin DIP 
Surface Mount 




16-F 


'in SO Double-W 
Surface Mount 
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ADVANCE mFORMMTIOM SUBJECT TO CHANGE 



MECHANICAL 



U Package— 16-Pin SOIC 












NOTE: Leads in true 
position within O.or 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 

marked on package. 


H- 


4 A M 

nnnnnnnn 




INCHES 


MILUKETERS 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


.400 


.416 


10.16 


10.57 




11 

B1B 

_i 1 


A1 


.388 


.412 


9.86 


10.46 


B 


.286 


.302 


7.26 


7.67 


B1 


.268 


.286 


6.91 


7.26 


C 


.093 


.109 


2.36 


2.77 


UftJUUUUUU" ' 

ir— Pin 1 Identifier 


D 


.015 


.020 


0.38 


0.51 


G 


.050 BASIC 


1.27 BASIC 


H 


.022 


.038 


0.56 


0.97 


. + 


J 


.008 


.012 


0,20 


0.30 


L 


.391 


.421 


9.93 


10.69 
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■1 ff 
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S^TYP 
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INCHES 


MILUMETERS 


NOTE: Leads in true 


DIM 


MIN 


MAX 


MIN 


MAX 


position within O.or 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 


] 


B 


A 


.620 


.640 


15.78 


16.26 


B 


.465 


.485 


11.81 


12.32 


C 


.350 


.370 


8.89 


9.40 


F 


.165 


.185 


4.19 


4.70 


G 


.100 BASIC 


2.54 BASIC 


H 


.025 SQ 


.635 SQ 


K 


.370 


.390 


9.40 


9.91 


LI 


.280 


.300 


7.11 


7.62 


L2 


.465 


.485 


11.81 


12.32 
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U Package— 8-Pin SOIC 









INC 


HES 


MILUMETERS I 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


.185 


.201 


4.70 


5.11 


Ai 


.178 


.201 


4.52 


5.11 


B 


.146 


.162 


3.71 


4.11 


Bi 


.130 


.149 


3.30 


3.78 


C 


.054 


.145 


1.37 


3.69 


D 


.015 


.019 


0.38 


0.48 


G 


.050 BASIC 


1.27 


3ASIC 


H 


.018 


.026 


0.46 


0.66 


J 


.008 


.012 


0.20 


0.30 


L 


.220 


.252 


5.59 


6.40 


M 


o» 


10** 


0« 


10" 


N 


.000 


.012 


0.00 


0.30 



NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 
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BURR -BROWN 





700/700U 



ISOLATED DC-TO-DC CONVERTER 



FEATURES 

• HIGH BREAKDOWN VOLTAGE 5000V PEAK 

• LOW LEAKAGE CAPACITANCE » 3pF 

• SHIELDED AND UNSHIELDED UNITS 

• COMPLETELY SPECIFIED 



BENEFITS 

• HIGH VOLTAGE RATING PROTECTS 
EXPENSIVE INSTRUMENTATION 

• LOW LEAKAGE CURRENT PROTECTS HUMAN LIFE 

• EXCELLENT ISOLATION CMR IMPROVES 
SYSTEM PERFORMANCE 

• SHIELDING PREVENTS ELECTROSTACTIC AND 
EMI PROBLEMS 



APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL 

• MEDICAL INSTRUMENTATION 

• TEST EQUIPMENT 

• DATA ACQUISITION SYSTEMS 



DESCRIPTION 

The Model 700 converts a lOVDC to 1 8 VDC input to 
a dual output of the same value as the input voltage. 
The internal hybrid integrated circuit reduces size 
and cost. A self-contained frequency stable 1 30kHz 
oscillator drives switching circuitry which is designed 
to minimize the common problem of spiking due to 
transformer saturation. Regulation and short circuit 
protection, if desired, can easily be added (see Figure 
3). Models 700 and 700 M have separate internal 
input and output shields. Models 700U and 700UM 
have no internal shields. 



o- 



X 

o 

Input 
Shield 



-IN 

o- 



Oscillator 



Rectifiers and Filters 




(-V|n) 



Model 700 Circuit Diagram 



i-VoutI 



z 

(Output Shield) 



Internationil Airport industrial Parle • P.O. Box 11400 • Tucson. Arizona 85734 • Tel. (602) 746-1111 • Twx: 910-95M111 • Cable: BBRCORP • Telex: 66-6491 



Burr-Brown IC Data Book 



4-86 



Vol. 33 



SPECIFICATIONS 

ELECTRICAL 

Typical at 25<*C with 15VDC supply unless otherwise noted. 



MODEL 1 700/700M | 70bU/700UM 1 


INPUT 1 


Voltage Ranged) 
Current at ±3mA Load 
Current at ±30mA Load 
Ripple Current at ±3mA Load 
Ripple Current at ±30mA Load 


10V to 18V 

20mA 

±100mA. max 

±3mA. peak 

±100mA, peak 


IS0LATI0N(2) 1 


Voltage, Test, 5sec at gOHz 

Voltage, Continuous, derated 

Impedance 

Leakage Current at 240V/60Hz 


4200V. p 

1500V, p 

10Gn II 5pF 

ipA. max 


SOOOV, p 

2000V, p 

lOGa II 3pF 

l/LtA, max 


OUTPUT 1 


VouT at ±3mA to ±30mA Load 
Operating Current total of both outputs 
Safe Nondestructive Current at 25°C 
Sensitivity to Input Voltage 
Load Regulation 
Ripple Voltage at ±3mA Load 
Ripple Voltage at ±30mA Load 
Balance of +V and -V at +1 = -1 


±ViN with ±1V tolerance 
60mA. max 
120mA, max 

108V/V 

35mV/mA 

±15mV. peak 

±80mV, peak max 

±20mV 


TEMPERATURE RANGE | 


Operating 
Storage 


-25<»C to +850C 1 
-55«C to +125«'C 1 



NOTES. 

1 Derate to 16V max between +Vin and -Vin above 70°C 

2 A medical grade unit is available which is 100% screened to Patient Connected 
Circuit requirements for the leakage current i par. 27.5 > and dielectric withstand 
voltage (par 31 11 > of UL544 Specify 700M or 700UM. 









5 

li 

1 ' 

1 

Z .] 

•^ -2 

-'■^ 

-5 


i 


1 1 1 




\ 


Equal l^oad for ±V . 


\ 


V 


/ 






)s^ 


y 








^ 


s 


Fixed Output* 


^i^ 


-J 




Varyi 
" Outr 


no* 


>^^ 


r^ 


w 


ut ^ 


"^V 


s 


N 


Max Safe 


J^ 


v^ 


■K 


Load ' 


^•^ 


x^ 






10 20 30 40 S( 
Output Current (mA) 


I 



MECHANICAL 




NOTE: Leads in true position 
within .015" (.38mm) R at MI^C 
at seating plane. 



Pin numbers shown 
for reference only. 



+ denotes missing 
pin. 



3 



DIM 


INCHES 


MILLIMETERS j 


MIN 


MAX 


MIN 


MAX 


A 


1 075 


1 135 


27 31 


28 83 


B 


1 075 


1 135 


27 31 


28 83 


c 


350 


410 


8 89 


1041 


o 


038 


042 


97 


1 07 


G 


200 BASIC 


5 08 BASIC 1 


H 


212 


312 


5 38 


7 92 


K 


.170 


350 


4 32 


8 89 


L 


800 BASIC 


20 32 BASIC 


P 


100 BASIC 


2 54 BASIC 


R 


112 1 212 


2 84 1 5 38 



Material: Black epoxy 
Weight: 22.67gm (0.80oz) 
Grid: 2.50mm (0.10") 

NOTE: Input and Output circuits 
have separate shields. 
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FIGURE 1. Load Regulation. 



FIGURE 2. Temperature Drift. 



FIGURE 3. Short Circuit Protection. 



'For one output with constant 15mA 
load and varying current on other output 
(A minimum load of 3mA is recommended for each output. 



USE WITH ISOLATION AMPLIFIERS: 

When the Model 700/ 700U is used with isolation ampli- 
fiers such as the Burr-Brown 3650 and 3652 special 
attention should be given to current ratings to avoid over 
designing. Since the isolation amplifiers do not draw 
maximum current simultaneously from the V+ and V — 



Model 700/700U terminals, it is possible to drive more 
isolation amplifiers per Model 700/ 700U than one might 
initially expect. The Model 700/700U is capable of 
providing a total output current of 60mA balanced or 
unbalanced between the two outputs. A minimum load of 
3mA is recommended for each output. 
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BURR-BROWN _^ ^ 

710 




QUAD-ISOLATED DC-TO-DC CONVERTER 



FEATURES 

• FOUR ISOLATED tlOVDC to ±18VDC OUTPUTS 

• DRIVES FOUR 3650/3652 ISOLATION AMPS 

• HIGH BREAKDOWN VOLTAGE. 2200VDC TEST 

• LOW LEAKAGE CAPACITANCE. BpF 

• LOW LEAKAGE CURRENT. 1|iA @ 240V/60Hz 

• LOW COST PER ISOLATED CHANNEL 

APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL 

• TEST EQUIPMENT 

• DATA ACQUISITION SYSTEMS 

DESCRIPTION 

The Model 710 converts a single lOVDC to 18VDC input 
into four dual-isolated outputs of the same value as the 
input voltage. The converter is capable of providing a 
total of 76mA at rated output voltage accuracy and can 
provide isolated power to four independently isolated 
3650/ 3652 optically-coupled isolation amplifiers with the 
entire assembly mounted on one 5" x 7" card. 

Extensive use is made of hybrid integrated circuits to 
reduce size and cost. A self-contained frequency stable 
130kHz oscillator drives switching circuitry which is 
designed to minimize the common problem of spiking 
due to transformer saturation. 
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DESCRIPTION 



OUTPUT CURRENT RATINGS 

The Model 710 is capable of providing a total of 76mA of 
output current divided among its eight outputs. The 
maximum current available from any one output is 
shown in Figure 9. A minimum average current of 3mA is 
recommended for each output in order to maintain 
output voltage accuracy. Thus, the current may be 
balanced (such as +9.5mA and -9.5mA) or unbalanced 
(such as +16mA and -3mA). The best output voltage 
accuracy will be obtained under balanced conditions. 

Channels may be connected in series or parallel for higher 
voltage or current. For parallel operation connection of 
channel 1 to 2 or channel 3 to 4 will result in lowest ripple. 
In some cases the 710 may drive larger loads than would 
be apparent from a cursory examination of the 
specifications. For example, see Figures 1 and 2. The 
most total current drawn from the pair of +Vo and -Vo 
output is Imax + Iq (not 2 X Imax). For the 3650 this is a 
maximum of 12mA + 1.2mA = 1 3.2mA (instead of 
24mA). 




ISOLATION VOLTAGE RATINGS 

1 1 is important that the user understand the significance of 
the continuous derated isolation voltage specification 
and its relationship to the actual test voltage applied to 
the unit. Since a "continuous" test is impractical in a 
product manufacturing situation (implies infinite test 
duration) it is generally accepted practice to perform a 
production test at a higher voltage (i.e., higher than the 
continuous rating) for some shorter length of time. 
The important consideration is then "what is the 
relationship between actual test conditions and the 
continuous derated minimum specification?" There are 
several rules of thumb used throughout the industry to 
establish this relationship. Burr-Brown has chosen a very 
conservative one: Vtcst = (2 x Vcontmuous ratmg) + lOOOV. This 
relationship is appropriate for conditions where the 
system transient voltages are not well defined.* Where the 
real voltages are well defined or where the isolation 
voltage is not continuous the user may choose to use a less 
conservative derating to establish a specification from the 
test voltage. 

* Reference National Electrical Manufacturers 
Association (NEMA) Standards Parts ICS 1-109 and 
ICSI-Ill. 

SHORT CIRCUIT PROTECTION 

The circuit in Figure 3 may be added to the input of the 
7 10 in order to protect it from damage in situations where 
too much current is demanded from the outputs — such as 
a short circuit from an output to its common. The circuit 
limits the input current to approximately 100mA for an 
input voltage of 15VDC (for (3 of 2N2219 of 50). 
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FIGURE 2. Waveforms 



FIGURE 3. Short Circuit Protection 
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SPECIFICATIONS 



Typical at 25°C with ISV supply unless otherwise noted. 



ELECTRICAL | 


MODEL 


710 


INPUT 

Voltage Range""" 

Current at I otal Output Current of 24mA 
Current at Total Output Current of 76niA 
Ripple at Total Output Current of 24mA 
Ripple at Total Output Current of 76mA 


lOV to I8V 

40niA 

lOOmA, max. 

15mA, peak 

40mA, peak 


ISOLATION 

Voltage, Test, 5 sec. <*' 

Voltage, Continuous, derated, minimum '"' 

Impedance 

Leakage Current at 240V/ 60 Hz 


2200V, rms at 60Hz 

600V, rms AC, lOOOVDC 

lOGn II 8pF 

I/uA, max 


OUTPUT 

Voltage Accuracy"'' 

Current for Rated, Accuracy Total of all currents 

Any one output 
Total Safe Nondestructive Current at 25°C 
Sensitivity to Input Voltage 
Load Regulation'*' 
Ripple Voltage at ±3mA Load 
Ripple Voltage at ±9 5mA Load 
Balance of +V and -V at +1 = -I 
AV.„., vs Temperature -25"C to +85"C 


See Figure 8 

76mA, max 

60mA, max 

1200mA, max 

1.08V/V 

75mV/mA 

±25mV, peak 

±80mV, peak max 

±20mV 

3.0% 


TEMPERATURE RANGE 

Operating 
Storage 


-25"C to +85"C 
-55"Cto+llO"C 







MECHANICAL 




Material: Black Epoxy 

Weight: 25 grams (0.9 oz.) 

Grid: 5.08mm (.lO*) 

Pin: Material and plating composition 

conform to Method 2003 (solderalNUty) of 

MIL-STD-883 (except paragraph 3.2). 



I. Derate to 16V max between +Vin and -Vis above 70"*C. 

2 Operation down to 5V is possible with reduced output current and accuracy. 

3 Isolation specifications are applicable to input to output isolation as well as channel to channel isolation. 

4 See discussion on previous page; 2200V, rms = 3000V peak. 

5. A minimum output current of ±3mA per channel is recommended to maintain output voltage accuracy. 
6 Load regulation for one channel with other channels at ±9.5mA load. 
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FIGURE 4. Functional Diagram 



FIGURE 5. Typical Connection with Four 3650 
Isolation Amplifiers. 
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TYPICAL PERFORMANCE CURVES 
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FIGURE 11. Test Condition 2: Unbalanced Load 
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BURR -BROWN ' 

MMMM 




722 



DUAL ISOLATED DC/DC CONVERTER 



FEATURES 

• DUAL ISOLATED ±5V TO ±16V OUTPUTS 

• HIGH BREAKDOWN VOLTAGE. 8000V TEST 

• LOW LEAKAGE CURRENT. <1mA AT 240V/60Hz 

• LOW COST PER ISOLATED CHANNEL 

• SMALL SIZE. 27.9mm x 27.9mm x 7.6mm 

(1.1" X 1.1 "X 0.3") 



APPLICATIONS 

• MEDICAL EQUIPMENT 

• INDUSTRIAL PROCESS CONTROL 

• TEST EQUIPMENT 

• DATA ACQUISITION SYSTEMS 

• NUCLEAR INSTRUMENTATION 




DESCRIPTION 

The 722 converts a single 5 VDC to 1 6VDC input into 
a pair of bipolar output voltages of the same value as 
the input voltage. The converter is capable of 
providing a total output current of 64mA at rated 
voltage accuracy and up to 200mA without damage. 
The two output channels are isolated from the input 
and from each other. They may be connected 
independently, in series for higher output voltage or 
in parallel for higher output current, as a single 
channel isolated DC /DC converter. 



Integrated circuit construction of the 722 reduces size 
and cost. High isolation breakdown voltages and low 
leakage currents are assured by special design and 
construction which includes use of a high dielectric 
strength, low leakage coating used on the mternal 
assembly. 

A self-contained 900kHz oscillator drives switching 
circuitry which is designed to eliminate the common 
problem of input current spiking due to transformer 
saturation or crossover switching. 
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DISCUSSION 



OUTPUT CURRENT RATINGS 

At rated output voltage accuracy, the 722 is capable of 

providing 64mA divided among its four outputs' '^ A 

minimum average output current of 3mA is 

recommended at each output to maintain voltage 

accuracy. 

Output channels'^' may be connected in series or parallel 

for higher output voltage or current. 

ISOLATION CONFIGURATIONS 

The fact that the two outputs of the 722 are isolated from 
the input and from each other allows both two-port and 
three-port isolation connections. 

Figure 1 shows Burr-Brown's 3650 Optically Coupled 
Isolation Amplifier connected in three-port 
configuration. One of the 722 channels provides power to 
the 3650's input. The other channel supplies power to the 
3650's output. The amplifier's input and output are 
isolated from each other and the system's power supply 
common. In this configuration the 722's channel-to- 
channel isolation specification applies to the amplifier 
input-to-output voltage. 

Figure 3 illustrates how the 722 may provide isolated 
input power to the input stage of two 3650's connected in 
the two-port configuration. Power for the output stage is 
provided by the system +15V and -15V supplies. Input 
stages are isolated from each other and from the system 
supply. In this situation the 722's input-to-output 
isolation specification applies to the amplifiers' input-to- 
output voltages while the channel-to-channel 722 
specification applies to the voltage existing between *i/ P 
Com # 1" and "I/P Com # 2." 

(1) "output" denotes a single output tenninal (-t-V or -V) and its assocutt 

(2) "channer denotes a pair of outpuu (-f V and -V) and their assocutcd 



MECHANICAL 
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on package 



NOTE 
NOTE Leads in true position 
within 010" ( 25mm) R at MMC 
at seating plane 
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DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


1080 


1120 


27 43 


28 45 


B 


1080 


1120 


27 43 


2845 


c 


235 


.285 


5 97 


7 24 


D 


018 


021 


046 


053 


F 


035 


050 


089 


127 


G 


100 BASIC 


2 54 BASIC 


H 


100 BASIC 


2 54 BASIC 


K 


150 1 350 


381 1 889 


L 


900 BASIC 


22 86 BASIC 


N 


002 1 010 


005 1 025 


R 


100 BASIC 


2 54 BASIC 



SHORT CIRCUIT PROTECTION 

The circuit in Figure 2 may be added to the input of the 
722 to protect it from damage in situations where too 
much current is demanded from the outputs - such as a 
short circuit from an output to its common. The circuit 
limtts input current to approximately 150mA for an input 
voltage of 15VDC (for /i of 2N2219 of 50). 
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FIGURE 2. Short Circuit Protection 
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FIGURE 1. Three-Port Isolation 



FIGURE 3. Two-Port Isolation with two 3650's. 
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SPECIFICATIONS 



ELECTRICAL 

Specifications at Ta = +25°C, Vin = 15VDC, C = 0.47//F, Ri Selected per Typical Performance Curve. 



PARAMETER 


CONDITIONS 


722 


722BG 


722MG 


UNITS 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


INPUT 1 


Rated Input Voltage 






15 






• 






* 




VDC 


Input Voltage Range"' 




5 




16 






* 








VDC 


Input Current 


Total output current = 12mA 
Total ouput current = 64mA 
Total output current = 64mA 
at Ta = +85X 




50 
105 

120 


120 






* 








mA 
mA 

mA 




Total output current = 160mA 




— 


— 




225 


275 




— 


— 


mA 


Input Ripple'^' 


Total output current = 12mA 
Total output current = 64mA 
Total output current = 160mA 




3 
6 






12 










mA,pk 
mA.pk 
mA,pl< 


ISOLATION 1 


Test Voltages 


Input-to-output, 5 seconds, min 
Input-to-output, 1 minute, mm 
Channel-to-channel, 5 seconds, mm 






8000 
5000 






- 






2500 


V,pk 
V,rms 
V,pk 


Rated Voltages 


Input-to-output, continuous 
Channel-to-channel, continuous 






3500 
2000 


* 




. 






* 


V 
V 


Isolation Impedance 


Input-to-output 




10116 
















GOIIpF 


Leal<age Current'^' 


Input-to-output, 240V, 60Hz 






1 














//A 


OUTPUT 1 


Rated Output Voltages"" 


Iload = 3mA per output 
Load = 16mA per output 


154 
143 




162 
162 












* 


VDC 
VDC 




Load = 40mA per output 


— 


— 


— 


137 


14.2 


16.2 


— 


— 


— 


VDC 


Output Current 


Total of all outputs 
Any one output'^' 


3 




200 
100 














mA 
mA 


Load Regulation 






Notes 






* 






* 






Ripple Voltage 


Load = 3mA per output 
Load = 16mA per output 
Load = 40mA per output 




15 
35 


100 




50 


* 




* 


* 


mV,pk 
mV,pk 
mV,pk 


Tracl<ing Error between 


Balanced loads 




±100 






* 










mVDC 


Dual Outputs 
























Sensitivity to Input 
























Voltage Changes 






1 13 






* 






* 




V/V 


Output Voltage Temperature 


Ta = TSPECIFICATION RANGE 




±0 02 












* 




%ro 


Coefficient 
























TEMPERATURE | 


Specification 


ILOAD < 16mA per output 
Load < 40mA per output 


-25 
-25 




+85 
+60 


* 




* 


* 




* 


°C 
°C 


Storage 




-55 




+125 


* 




* 


* 




* 


°C 


Junction Temperature 








+125 












* 


°C 



♦Specifications same as 722 * 

NOTES: (1) For ambient temperature above +70°C the input voltage is 12 5V (max ) The input voltage remains 16V (max.) if case temperature is kept 
below +85°C. (2) External capacitor across "P+" to "V-" pins and 12" of *24 wire to Vin (3) Reference UL544, paragraph 27 5, Leakage Current (4) See 
"Typical Performance Curves." (5) A minimum output current of 3mA at each output is recommended to maintain output voltage accuracy. 



INSTALLATION AND 
OPERATING INSTRUCTIONS 

Typical application connections for the 722 are shown in 
Figures 1 and 3. Primary power (Vm) is applied at the 
"P+" and "V—" terminals. The common or ground for 
Vin may be connected to either "P+" or "V—"; the only 
requirement is that "P+" and "V+" must be positive 
with respect to "V—." 

Power for the internal oscillator and switch drivers is 
derived from the primary power by a voltage dropping 
resistor Ri. The value of Ri as a function of Vm is shown 
in the Typical Performance Curves section. Alternately, 
voltage for the "V+" terminal may be obtained from a 
separate source. "V+" should be +5V to +7.5V positive 
with respect to "V—." If a separate source is used, the 
"V+" input must be applied before the "P+" input to 



avoid possible damage to the unit. "P+" and "V+" must 
remain positive with respect to "V—" at all times (includ- 
ing transients). If necessary, diode clamps should be put 
across these inputs. 

The "E" pin enables the converter when connected to 
"V+" and disables it when connected to "V—." 
An external capacitor, "C," (0.47 juF cermanic) is used to 
reduce input ripple. It should be connected as close to 
the "P+" and "V—" pins as practical. Input leads to these 
terminals should also be kept as short as possible. Since 
the 722 is not internally shielded, external shielding may 
be appropriate in applications where RFI at the 900kHz 
nominal oscillator frequency is a problem. 
Each output is filtered with an internal 0.22/xF capacitor. 
Output ripple voltage can be reduced below the specified 
value by adding external capacitors up to lO/xF between 
each output and its common. 
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TYPICAL PERFORMANCE CURVES 

Specifications at Ta = +25°C. Vin = 15VDC. C = 0A7//F. Ri seiected per typical performance curve. 



SELECTION OF Ri OR EXTERNAL 

VOLTAGE V+ FOR MINIMUM INTERNAL 

POWER DISSIPATION 







Maximum Output Current 1 
From Any Single Output | 




<16mA 


16mA to 
30mA 


30mA 


> 

1 


>13 


1.3kQ 


820n 


51 on 


11 to 
13 


820n 


510fi 


200fi 


9 to 

11 


510fi 


2oon 


OO 


8 to 
9 


200O 


on 


- 


<8 


OO 


- 


- 


V+EXT 


6.5V 


7.5V 


9.0V 



o 

£ 100 



g 75 



25 



MAXIMUM SAFE OPERATING 

TEMPERATURE VS. TOTAL 

OUTPUT CURRENT 





^^ 








,^2*^ 




^^ 








\ 



















50 100 150 

Total Output Current'^' (mA) 



125 18 



100 1 

75 g > 
fl> a, 

50 I ^ 



OUTPUT VOLTAGE VS. INPUT VOLTAGE 



25 _-^ 
O 













i 








.4 








/ 


o4f 








^ 


wi 




> 


^ 


•^o-*^ 






^ 













12 
Input Voltage (V) 



SINGLE-CHANNEL LOAD REGULATION 




20 40 60 80 

Output Load Current |Il| (mA) 



16 


SINGLE OUTPUT LOAD REGULATION 


V 












(^_(v)_ m 

1+ 1 + 


>I15 


^ 


1^^. 




0) 










514 

1 

3 




*^ 


i^w^ 


W, 










N 


V 


o 

13 










^ 



CHANNEL-TO-CHANNEL INTERACTION 



20 , 40 60 80 

Output Load Current |Il| (mA) 




20 40 60 80 

Output Load Current |Il| (mA) 



PARALLEL OUTPUT BALANCED 
LOAD REGULATION 



PARALLEL OUTPUT UNBALANCED 
LOAD REGULATION 




20 40 60 80 

Output Load Current |Il| (mA) 



40 80 120 160 

Output Load Current |Il| (mA) 



OUTPUT-TO-OUTPUT INTERACTION 



X 






1 




, If 


\ 


1 


& 




^^^i;^ 


^^ 




--^ 






X 


^ 


^ 


V 

















40 80 120 160 

Output Load Current |Il| (mA) 



NOTES (1 ) Usmg a 104mm X 19mm X 1 6 mm alummum strip mounted to the bottom of the case with heat smk compound (2) Total output current is the 
sum of the currents for each mdividual output 
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BURR -BROWN' 



724 




QUAD ISOLATED DC/DC CONVERTER 



FEATURES 

• QUAD ISOLATED ±8V OUTPUTS 

• HIGH BREAKDOWN VOLTAGE. 3000V TEST 

• LOW LEAKAGE CURRENT. <1|iA AT 240V/60Hz 

• LOW COST PER ISOLATED CHANNEL 

• SMALL SIZE. 27.9mm x 27.9mm x 6.6mm 

(l.rxl.rx 0.261 



APPLICATIONS 

• medical equipment 

• Industrial process control 

• test equipment 

• data acquisition systems 

• nuclear instrumentation 



r- 

I 
p+O— 



v+O- 
I 
I 
I 
I 
I 

o- 

I 
I 

I 
I 

V-O- 



SwHdi 




25r 



I 


RscUfiirs 
and 
Filters 










1 


I 


Rwtifiin 
and 
Finirs 












I 


Rictifitn 
and 
Filtirs 










1 




RtcUfitrs 
and 
Filtirs 




^ 







! I 



-Vol 

►*Vo2 
C2 

-V02 

>*Vo3 
C3 
-V03 

•*Vo4 
•V04 



DESCRIPTION 

The 724 converts a single 5VDC to I6VDC input into 
four pairs of bipolar output voltages of approximate- 
ly half the input vohage. The converter is capable of 
providing a total output current of 128mA at rated 
voltage accuracy and up to 500mA without damage. 
The four output channels are isolated from the input 
and from each other. They may be connected 
independently, in series for higher output vohage, or 
in parallel for higher output current as a single 
channel isolated DC/ DC converter. 



Integrated circuit construction of the 724 reduces size 
and cost. High isolation breakdown voltages and low 
leakage currents are assured by special design and 
construction which includes use of a high dielectric 
strength, low leakage coating used on the internal 
assembly. 

A self-contained 800kHz oscillator drives switching 
circuitry which is designed to eliminate the common 
problem of input current spiking due to transformer 
saturation or crossover switching. 



IntBrnational Airport Industrial Park - P.O. Box 11400 - Tucson. Arizona 85734 Tel. (602) 746 1111 - Twx: 910-9521111 • Cable: BBRCORP Telex: 66-6491 
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ELECTRICAL SPECIFICATIONS 



At 2SX with V,N = 15V. R, = 1.3ka C = OAluF unless noted. 










PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 1 


INPUT 1 


Input Voltage 




5 


15 


16 


VDC 


Input Current 


2 Ion = 24mA 




50 




mA 




1 I(„ r = 128mA, 25T 




110 


125 


mA 




1 loi , = 128mA, 85T 




120 




mA 


Input Ripple""'' 


1 loi , = 24mA, C = 0.47mF 




10 




mA, pk 




l\ovT= 128mA, C = 0.47mF 






25 


mA, pk 


ISOLATION 1 


Test Voltage<2» 


Input-to-output, 5sec min 






3000 


VDC 




Channel-to-channel, 5sec min 






3000 


VDC 


Rated Voltage<^' 


Input-to-output, continuous 






1000 


VDC 




Channel-to-channel, continuous 






1000 


VDC 


Isolation Impedance 


Input-to-output 




10 116 




on II pF 


Leakage Current 


Input-to-output, 240V/60HZ 






1.0 


mA 


OUTPUT 1 


Voltage<'> 


At I5V input Il = 3mA 


8.0 


8.5 


9.0 


V 




li = 16mA 


7.5 


7.9 


8.3 


V 


Current for Rated 












Voltage 


Total of all outputs 






128 


mA 




Any one output**^ 


3 






mA 


Total Safe 












Nondestructive Current 


Total of all outputs 






500 


mA 




Any one output 






200 


mA 


Load Regulations^' 






Note 4 






Ripple Voltage<*> 


li = 3mA 




35 




mV, pk 




Ii = 16mA 






200 


mV, pk 


Difference of -l-Vo and -V„ 


+Ii = -I. 




±30 




mV 


Sensitivity to Input 












Voltage Change 






0.63 




V/V 


Output Voltage Change 












Over Temperature 


-25X to +85 T 




2 




% 


TEMPERATURE RANGE 1 


Operating 




-25 




+85 


X 


Storage 




-55 




+ 125 


r 



CM 



5 

3 
O 

o 

QC 
D. 

Z 

o 



NOTES 

1. 47/uF external capacitor across **?+" to **V-" pms and 12' of ** 24 wire to Vis. 

2 Sec "Isolation Voltage Ratings" on preceding page The input to output and channel to channel continuous AC rating is 700V, rms. 

3. See "Typical Performance Curves." 

4. A minimum output current of 3mA at each output is recommended to maintain output voltage accuracy. 

5. Test bandwidth lOMHz, max 



O 
(0 



MECHANICAL 



PIN POSITION 







20 11 


r 


1 10 




UA-o e e e e e o 


!_ 


— H 







Pin numbart shown for ref cranes only 
Numb«r« may not be markad on packaga 




DIM 


INCHES 


MILLIMETERS ] 


MIN 


MAX 


MIN 


MAX 


A 


1 080 


1 120 


27 43 


28 45 


B 


1 080 


1 120 


27*3 


28 45 


C 


235 


285 


5 97 


7 24 


O 


018 


021 


46 


53 


F 


035 


050 


89 


1 27 


G 


100 BASIC 


2 54 BASIC 


H 


100 BASIC 


2 54 BASIC 


K 


ISO 1 350 


3 81 [8 89 


L 


900 BASIC 


22 86 BASIC 


N 


003 1 010 


005 1 25 


R 


100 BASIC 


3 54 BASIC 



NOTE 

Leads in true position 

within 010' ( 2Smm) 

R at MMC at seating 

plane 



PIN DESIGNATION 

+Vo« 

c 

-Vo4 

No pin present 

+Vo3 

c, 

-Vo, 

No pin present 

+Vo2 
C2 

-Vo2 

No pin present 

+Voi 

Ci 

-Vol 

No pin present 

P+ 

V- 

v+ 

E 
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DISCUSSION 



OUTPUT CURRENT RATINGS 

At rated output voltage accuracy, the 724 is capable of 

providing 128inA divided among its eight outputs* '\ A 

minimum average output current of 3mA is 

recommended at each output to maintain voltage 

accuracy. 

Output channels*^^ may be connected in series or parallel 

for higher output voltage or current. 

ISOLATION CONFIGURATIONS 

The fact that the four outputs of the 724 are isolated from 
the input and from each other allows both two-port and 
three-port isolation connections. 
Figure 1 shows two of Burr-Brown*s 3650 Optically 
Coupled Isolation Amplifiers connected in three-port 
configuration. Two of the 724 channels provide power to 
the 3650*s inputs. The other channels supply power to 
both 3650*s outputs. Each amplifiers input and output 
are isolated from each other and the system*s power 
supply common. Isolation specification applies to the 
amplifier input-to-output voltage isolation specification. 

Figure 2 illustrates how the 724 may provide isolated 
input power to the input stage of four 3650's connected in 
the two-port configuration. Power for the four output 
stages is provided by the system -f 15VDC and -I5VDC 
supplies. Input stages are isolated from each other and 
from the system supply. In this situation the 724's 
isolation specification applies to the amplifier*s input-to- 
output voltage and to the voltage existing between any 
two I/P COM terminals. 




Denote separate input 
common I and input 
common 2. 

Denote separate output 
common I and output 
common 2. 



FIGURE 1. Three-Port Isolation. 



ISOLATION VOLTAGE RATINGS 

Since a **continuous** test is impractical in a product 
manufacturing situation (implies infinite test duration) it 
is generally accepted practice to perform a production 
test at a higher voltage (i.e., higher than the continuous 
rating) for some shorter length of time. 
The important consideration is then ''what is the 



relationship between actual test conditions and the 
continuous derated maximum specificationT* There are 
several rules of thumb used throughout the industry to 
establish this relationship. Burr-Brown has chosen a very 
conservative one: Vtat = (2 x Vcontmuoui ntms) + lOOOV. This 
relationship is appropriate for conditions where the 
system transient voltages are not well defined. *^^ Where 
the real voltages are well defined or where the isolation 
voltage is not conti.iuous the user may choose to use a less 
conservative derating to establish a specification from 
the test voltage. 




7 0/PCOM 
(jJC2/Ci/\i) Denote four separate input commons 



FIGURE 2. Two-Port Isolation with Four 3650's. 

SHORT CIRCUIT PROTECTION 

The circuit in Figure 3 may be added to the input of the 
724 to protect it from damage in situations where too 
much current is demanded from the outputs - such as a 
short circuit from an output to its common. The circuit 
limits input current to approximately 1 50mA for an input 
voltage of 15VDC (for fi of 2N2219 of 50). 




FIGURE 3. Short Circuit Protection. 



(1) "output" denotes a single output terminal (-fV or -V) and its associated common 

(2) "channeP denotes a pair of outputs (+V and -V) and their associated common 

(3) Reference National Electncal Manufacturers Association (NEMA) Sundards Parts ICS 
1-109 and ICS l-lll 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 



Typical application connections for the 724 are shown in 
Figures 1 and 2. Primary power (Vin) is applied at the 
**?+" and "V-** terminals. The common or ground for Vin 
may be connected to either **P+" or "V-"; the only 
requirement is that **?+*' and **V+" must be positive with 
respect to "V-.** 

Power for the internal oscillator and switch drivers is 
derived from the primary power by a voltage dropping 
resistor Ri. The value of Ri as a function of Vin is shown 
in the "Typical Performance Curves" section. 
Alternately, voltage for the **V+'' terminal may be 
obtained from a separate source. "V+'* should be +5 VDC 
to +7.5VDC positive with respect to "V-.** If a separate 
source is used, the V+ input must be applied before the 



**?+** input to avoid possible damage to the unit. P-H and 
V-f must remain positive with respect to V- at all times 
(including transients). If necessary, diode clamps should 
be put across these inputs. 

The **E" pin enables the converter when connected to 
**V+" and disables it when connected to "V-.'' 
An external capacitor, "C, (0.47/liF ceramic) is used to 
reduce input ripple. It should be connected as close to the 
**P+'' and "V-" pins as practical. Input leads to these 
terminals should also be kept as short as possible. Since 
the 724 is not internally shielded, external shielding may 
be appropriate in applications where RFI at the 800kHz 
nominal oscillator frequency is a problem. 

Each output is filtered with an internal 0.047/LiF 
capacitor. Output ripple voltage can be reduced below 
the specified value by adding external capacitors up to 
lO/iF between each output and its common. 



TYPICAL PERFORMANCE CURVES 

All specifications typical at 2S"C unless otherwise noted 



OUTPUT VOLTAGE 
VS INPUT VOLTAGE 



DROPPING RESISTOR R. 
VS INPUT VOLTAGE 



10 
14 
12 
10 
8 
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.IoiTT = 24 

(II = ±3ni 


mA 
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^ 
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= 12 


1mA 
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It = ±16ii 

















S 10 15 

INPUT VOLTAGE (V) 
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AccepUblC^ 
Range ^^ 







5 10 IS 

INPUT VOLTAGE, Vin (V) 



LOAD REGULATION 
(Single channel with balanced load) 




10 20 30 40 SO 

OUTPUT CURRENT Il+ = It- (mA) 



^ 8.5 



LOAD REGULATION 
(Interdiannd with unbalanced load) 







1 

If = 3mA 




r 




—^ 


1 




6mA 




















(dualo 
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iitput. UI 
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TEST CONDITION 1 
(Balanced Load) 



-Vol* 
+Voi-^ 



.Vof4-l^lL:*'^ 



•V+ 
•E 



+Vm 
Ca 



■»-V«« -Vo4 



10 20 30 40 so 

OUTPUT CURRENT, Il+ (mA) 



"fe' 









TEST CONDITION 2 
(Unbalanced Load) 



-Vol, 
+Vo,. 



•V+ 
•E 



.V- ^^^ -\»* V +v::: 



hfet 



■\<^^ 



-Vo2, 5|,^>R. 



rS"' 



^X 
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BURR -BROWN® 




3650 
3652 



Optically-Coupled Linear 
ISOLATION AMPLIFIERS 



FEATURES 

• BALANCED INPUT 

• LARGE COMMON-IVIODE VOLTAGES 

±2000V Continuous 
14GdB Rejection 

• ULTRA LOW LEAKAGE 

0.35//Amaxat240V/60Hz 
1.8pF Leakage Capacitance 

• EXCELLENT GAIN ACCURACY 

0.05% Linearity 
0.05%/IOOOHours Stability 

• WIDE BANDWIDTH 

15kHz ±3dB 
1.2\//Msec Slew Rate 

DESCRIPTION 

I he 3650 and 3652 arc opticall> coupled integrated 
ciicuit isolation ampliliers. Prior to their introduc- 
tion commerciall) a\ailable isolation ampliliers had 
been modular or rack mounted de\ ices using transform- 
er coupled modulation demodulation techniques. 
Compared to these earlier isolation ampliliers the 
3650 and 3652 have the advantage ol smaller si/e. 



APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL 

• DATA ACQUISITION 

• INTERFACE ELEMENT 

• BIOMEDICAL MEASUREMENTS 

• PATIENT MONITORING 

• TEST EQUIPMENT 

• CURRENT SHUNT MEASUREMENT 

• GROUND-LOOP ELIMINATION 

• SCR CONTROLS 



lov\er cost, wider bandwidth and integrated circuit 
rehabilitv. Also, because the\ use a \K analog 
modulation technique as opposed to a carrier t\pe 
technique. the\ avoid the problems ot electromagnetic 
interlerence (both transmitted and received) that 
most ol the modular isolation amplifiers exhibit. 
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SPECIFICATIONS 



ELECTRICAL 

Typical at 25°C and ±15VDC supply voltages unless otherwise noted 



MODEL 1 3650MG/HG<i> | 3650JG | 3650KG 


3652MG/HG<i> 1 3652JG | 


ISOLATION 1 


Isolation Voltage 
Rated Continuous, (mini 
Test Voltage, (mm) lOsec duration 


2000Vp or VDC 
5000Vp 


Isolation-Mode Rejection, G = 10 

DC 

60Hz, 5000n source unbalance 
Leakage Current, 240V/60Hz 
Isolation Impedance 

Capacitance 

Resistance 


140dB 

120dB 

0.35mA, max 

1 8pF 
1012(1 


GAIN 1 


Gam Equation 
for current sources 

for voltage sources 


Gi=106Volt/Amp 
^^'=RG1±RG2 + RlN^/^ 


Gi = 1 0057 X 106 Volt/Amp<2» 

^0' V/V 
Rgi + Rg2 + Rin + Ro 


Input Resistance, Rin, max 
Buffer Output Impedance, Ro 
Gam Equation Error, max'" 
Gam Nonlinearity 
Gam vs Temperature 
Gam vsTime 


25n 

Not applicable 

1 5% 5% 5% 

±0.05% typ ±0.2% max ±0 03% typ ±0.1% max ±0 02% typ ±0 05% max 

300ppm/°C 100ppm/°C 50ppm/°C 

±0 05%/1000hrs 


25fl 

90fl ±30n 

1.5%'«' 5%<*' 

±0 05% typ ±0 2% max ±0 05% typ ±0 1% max 

300ppm/°C'*' 200ppm/°C<*» 

±0 05%/1000hrs 


Frequency Response 

Slew Rate 

±3dB Frequency 
Settling Time 

to ±0 01% 

to ±0 1% 


7V/^sec mm, 1 2V/Msec typ 
15kHz 

400Msec 
200Msec 


INPUT STAGE <5> | 


Input Offset Voltage 
at 25° C, maxt3» 
vs Temperature, max 
vs Supply 
vs Time 


±5mV 
±25mV/°C 


±1mV 

±10mV/°C 

100mV/V 

50mV/1000 Hrs 


±0 5mV 
±5mV/oC 


±5mV ±2mV 

±50mV/<'C ±25mV/°C 

100m V/V 

lOOjuV/IOOOhrs 


Input Bias Current 
at 25° C 

vs Temperature 
vs Supply 


lOnA typ, 40nA max 
3nA/°C 
2nA/V 


lOpA typ, 50pA max 

doubles every +10°C 

IpA/V 


Input Offset Current 
vs Temperature 
vs Supply 


effects included 
in output offset 


lOpA 

doubles every 10°C 

IpA/V 


Input Impedance 
Differential 
Common-mode 


"Rin" = 25n max 
109n 


10110 
lOiin 


Input Noise 

Voltage, 05Hz to 100Hz 
10Hz to 10kHz 


4//V, p-p 
^H^t, rms 


Q/wV. p-p 
5//V. rms 


Input Voltage Range 
Common-mode, linear operation, 
w/o damage, at +,- 
at +1, -1 
at+IR, -IR 


±(| V|-5)V 

±v 

Not applicable *•' 
Not applicable '«' 


±(|V|-5) 

±v 

±300V fori 0msec '7> 
±3000V fori 0msec <" 


Differential, w/o damage, at +, - 
Differential, w/o damage, at +1, -1 
Differential, w/o damage, at +IR, -IR 


±V 
Not applicable 
Not applicable 


±V 
±600V fori 0msec <7> 
±6000V for 10msec '7) 


Common-mode Rejection, 60Hz 


90dB at 60Hz, 5kn imbalance 


80dB at 60Hz, 5kn imbalance 


Power Supply f Input Stage Only) 
Voltage (at "+V" and "-V" 
Current 
Quiescent 
with ±10V output"* 


±8Vto±18V 

±1 2mA «" 
+6 5mA or -6 5mA, typ 
+12mA or -12mA, max 


±8Vto±18V 

±3mA <8' 
+8.5mA or -8 5mA, typ 
+16mA or -16mA, max 



Csl 



O 

CO 



e 

Q 

o 
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ELECTRICAL (cont) 



MODEL 


3650MG/HG<i> 


1 3650JG 


1 3650KG 


3652MG/HG(i> | 


3652JG 1 


OUTPUT STAGE | 


Output Voltage, mm 
Output Current, mm 
Output Offset Voltage 

at 25° C max«3' 

vs Temperature, max 

vs Supply 

vs Time 


±25mV 
±900/zV/°C 


±10V 
±5mA 

±10mV 

±450/xV/°C 

±500mV/V 

±1mV/1000hrs 


±10mV 
±300mV/°C 


±10V 
±5mA 

±25mV ±10mV 

±900mV/°C ±450mV/°C 

±500/xV/V 

±1mV/1000hrs 


Output Noise Voltage 
05Hz to 100Hz 
10Hz to 1kHz 


50mV, p-p 
65/xV, rms 


50mV, p-p 
65/iV, rms 


Power Supply i Output Stage Onlyi 
Voltage ("+Vcc" and "-Vcc"i 
Current 
Quiescent 
with ±5mA output, max 


±8Vto±18V 

±2 3mA typ, ±6mA max 
±11mA 


TEMPERATURE "»' | 


Specification 

Operating 

Storage 


O^C to 85°C 
-40°Cto+100°C 
-55°Cto+125°C 



NOTES. (1 ) All electrical and mechanical specifications of the 3650MG and 3652MG are identical to the 3650HG and 3652HG, respectively, except that the following 
specifications apply to the 3650MG and 3652MG: (a) isolation test voltage duration increased from lOsec minimum to 60sec minimum, (b) Input offset voltage at 25°C 
max. ±10mV; vs temp max: ±100a/V/°C, (c) Output offset voltage at 25X max: ±50mV; vs temp max ±1.8mV/°C (2) If used as 3650, see Installation and Operating 
Instructions (3) Trimmable to zero. (4) Gain error terms specified for inputs applied through buffer amplifiers (i e., ±1 or ±IR pins) (5) Input stage specifications 
at +1 and -I inputs for 3652 unless otherwise noted (6) Maximum safe input current at either input is 10mA (7) Continuous rating is 1/3 pulse rating (8) Load 
current is drawn from one supply lead at a time; other supply current at quiescent level. For 3652 add 2mA/V of positive CMV (9) d/T/dt>1°C/minute below 0°C, 
and long-term storage above 100°C is not recommended. Also limit the repeated thermal cycles to be within the 0°C to +85°C temperature range 



MECHANICAL 




"+" denotes missing pins 

Pin numbers shown 
for reference only 
Numbers may not be 
marked on package 

NOTE 

Leads in true position 

within 010" 

(0 25mm)RatMMCat 

seating plane 



J 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1.700 


1760 


43.18 


44.70 


B 


1 120 


1 160 


28.45 


29 46 


C 


.170 


230 


4 32 


5 84 


D 


018 


021 


46 


0.53 


F 


035 


050 


0.89 


1 27 


G 


.100 BASIC 


2.54 BASIC 1 


H 


110 


130 


2.79 


3 30 


K 


150 


250 


3 81 


6.35 


<- 


900 BASIC 


22 86 BASIC 1 


N 


002 


.010 


0.05 


25 


R 


"0 , 


130 


2 79 


3 30 



ORDER NUMBER. 
3650MG 3652MG 
3650HG 3652HG 
3650JG 3652JG 
3650KG 

MATERIAL Alumina 

(ceramic) 
WEIGHT- 14 grams 

(0 5oz) 
MATING CONNECTOR: 

2302MC(setoftwo, 

16-pin strips) 







(2 




© 



PIN CONNECTIONS 




® 

@ 






s 



1 6Mn 



■|A^-^A/v- 




(i)(l°)©(l£)^ (32^(29) 
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TYPICAL PERFORMANCE CURVES 

Typical at 25°C and -^ 15VDC power supplies unless otherwise noted 



INPUT STAGE SUPPLY CURRENT ISOLATION LEAKAGE CURRENT 



NORMALIZED LINEARITY 



VS OUTPUT VOLTAGE 






1 

Vout - -10V 
Rl -2kn 


^ 






/ 




/ 






/ 









03 1 3 

Frequency kHz 



VS ISOLATION VOLTAGE 



-15 -10 -5 5 
Add2mATyp Output Voltage V 

4mA Max ^'^" 

For 3652 — — ^' ^ 

DISTORTION VS FREQUENCY 
lOr 



































cL 


s^^ 


^ 


^ 




1 



12 3 4 
Isolation Voltage 



GAIN ERROR VS FREQUENCY 

+2 - 



^ 

o 
t -2 





Gam - l| 






\\ 


/ 

Gam - 100 






\\ 






\\ 






w 



3 10 

Frequency kHz 





VS 


TEMPERATURE 


1 5 






I 


i ' 1 


1 4 


" 1 




1 3 


- i 


J 


1 2 


- : 


/ 


1 


^^ 


\y \ 



75 
°C 



PHASE SHIFT VS FREQUENCY 

oF 



\ -40 

: -80 

J 

\ -120 

• -160 
-180 



1 1 


1 


r^ 


\ 

Gam 1 to 100 ^ 


\ 




\ 




1 


\ 


1 1 





1 3 10 30 

Frequency kHz 



REJECTION VS 
RESISTOR IMBALANCE 

160,_ IMR60H; 



CMR60HZ 







3652 Z>*^v G 



^> I -""^:. 



25 50 75 1 00 
Input Reisitor Imbalance 



Rg' 



Rg/ 



Rgi Rg/ Rgi Rg«' 

OUTPUT VOLTAGE SWING 
VS INPUT SUPPLY VOLTAGE 



f) 




/ --.7- 


5 



A / 

/ 70° C 


/ /\ 1 

' / X Guaranteed 

/ Mm at Output 

/ 1 Supply -15V 



-5 -10 -15 

Input Supply Voltage V 



3650 COMMON-MODE 
AND ISOLATION-MODE 
REJECTION VS GAIN 




1 10 100 1000 

Gam 
___« Isolation-mode Rejection 
---' Common-mode Rejection 



3652COMMON-MODE 

AND ISOLATION-MOD£ 

REJECTION VS GAIN 



2 100 



REJECTION VS FREQUENCY 
140r 



OUTPUT VOLTAGE AND 
GAIN ERROR VS TIME 




1 10 100 1000 

Gam 

Isolation-mode Rejection 

Common-mode Rejection 



1 03 1 3 10 30 
Frequency kHz 



100 Ik 10k 100 

TimeofOperation Hours 



DEFINITIONS 

ISOLATION-MODE VOLTAGE, V|so 

I he isolation-mode voltage is the \ohage which appears 
across the isolation barrier, i.e.. between the input 
common and the output common. (See Figure 1.) 
I'vvo isolation voltages are given in the electrical specifi- 
cations; "rated continuous" and "test voltage" Since it is 
inipiactical on a production basis to test a "continuous" 
voltage (infinite test time is implied), it is generally 
accepted practice to test at a significantly higher voltage 
tot some reasonable length of time. For the 3650 and the 
V\S2 the "test voltage" is equal to iOOOV plus two times 
the -rated continuous" voltage. I hus. tor a continuous 
I at ingot 2000V each unit is tested at 5()()0V. 



Isolation Barrier 




(Output) 



I+Rg2 + R,n L CMRRJ IMRR 



System 
Ground 



\ KilRI" I Illustration ol Isolation-modeand C\)mmon- 
mode Spccilications 



Burr-Brown IC Data Book 



4-103 



Vol. 33 



COMMON-MODE VOLTAGE, Vqm 

The common-mode voltage is the voltage midway between 
the two inputs of the amplifier measured with respect to 
input common. It is the algebraic average of the voltage 
applied at the amplifiers' input terminals. In the circuit in 
Figure 5, (V-(_ + V_) 2 = V( m. (Note: Many applications 
mvolve a large system "common-mode voltage." Usually 
m such cases the term defined here as "V( m" is negligible 
and the system "common-mode voltage" is applied to the 
amplifier as "Viso" in Figure I .) 



ISOLATION-MODE REJECTION 

I he isolation-mode rejection is defined b\ the equation in 
Figure 1. The isolation-mode rejection is not infinite 
because there is some leakage across the isolation barrier 
due to the isolation resistance and capacitance. 

NONLINEARITY 

Nonlinearity is specified to be the peak dc\ lation Irom a 
best straightline, expressed as a percent ot peak-to-peak 
lull scale output (i.e.. ±IOmV at 2()V p-p =« ().()5^ ). 



THEORY OF OPERATrON 



Prioi to the introduction of the 3650 tamil> optical 
isolation had not been practical in linear circuits. A single 
LED and photodiode combination, while useful in a 
wide range ol digital isolation applications, has tunda- 
mental limitations -primarily nonlinearity and instabilit> 
as a function of time and temperature. 
I he 3650 and 3652 use a unique technique to o\ercome 
the limitations of the single LED and photodiode isolator. 
Figure 2 is an elementary equivalent circuit for the 3650 
which can be used to understand the basic operation 
without consideration the cluttering details of offset 
adjustment and biasing for bipolar operation. 



' Isolation Barrier 
CRp Rr 




Output Common 



' Input Common V^ut = V|n 5" 



1 



FIGURE 2. Simplified Equivalent Circuit of Linear 
Isolator. 

Two matched photodiodes are used—one in the input 
(CR,) and one in the output stage (CR:) - - to greatly 
reduce nonlinearities and time -temperature instabilities. 
Amplifier Ai, LEDCRi,and photodiode CR^ are used in 
a negative feedback configuration such that Ii = I,,, R(, 
(where R(, is the user supplied gain setting resistor). Since 
CR: and CR^ are closely matched and since they receive 
equal amounts of light from the LED CRi (i.e., \i = X:), 
1, = I, = 1,„. Amplifier A: is connected as a current-to- 
voltage converter with Vom - I: Rk where Rk is an 
internal IMIl scaling resistor. Thus the overall transfer 
function is: 



10' 



V,n 1^, (R(. in ohms) 



This improved isolator circuit overcomes the primarv 
limitations of the single LED and photodiode combin- 
ation. I he transfer function is nov\ virtuallv independent 
ol an> degradation in the LED output as long as the tv\o 
photodiodes and optics are closely matched*. Linearity is 
now a function of the accuracy of the matching and is 
further enhanced by the use of negative feedback in the 
input stage. Advanced laser trimming techniques are 
used to further compensate for residual matching errors. 

* The only effect of decreased LED output is a slight 
decrease in full scale suing capability. See Typical 
Performance Curves. 



+V,, -V», 



'in ®- 




IV/pA 



-4@ 



C 
-H® 
(Output) 



FIGURE 3. Simple Model of 3650. 



A model of the 3650 suitable for simple circuit analysis is 
shown in Figure 3. The output is a current dependent 
voltage source, Vj, whose value depends on the input 
current. 1 hus, the 3650 is a transconductance amplifier 
with a gain of one volt per microamp. When voltage 
sources are used the input current is derived by using gain 
setting resistors in series with the voltage source (see 
Installation and Operating Instructions for details). R,„ is 
the differential input impedance. The common-mode and 
isolation impedances are \erv high and are assumed to be 
infinite for this model. 
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A simplified model ot the 3652 is shown in Figure 4. The 
isolation and output stages are identical to the 3650. 
Additional input circuitr\ consisting ot" hP'I butter 
amplifiers and input protection resistors have been added 
to give higher deferential and common-mode input 
impedance (10"il). lower bias currents (5()pA) and 
o\er\oltage protection. I he +1K and -IK inputs ha\e a 
lOmsec pulse rating ot 6()()()V ditierential and 3{)()()V 
common-mode (see Definitions for a discussion of 
common-mode and isolation-mode voltages.) (he ad- 
dition ol the butler amplitiers also creates a \oltage-in 
\oltagc-out transter tunction with the gam set b\ R(,i and 
R(, . ^ 



HGURE 4. Simple Model of 3652. 

INSTALLATION & OPERATING INSTRUCTIONS 




POWER SUPPLY CONNECTIONS 

1 he power supply connections for the 3650 and 3652 are 
show n in Figure 5. When a DC DC converter is used lor 
isolated power it is placed in a parallel with the isolation 
barrier ot the amplilier. I his can lower the isolation 
impedance and degrade the isolation-mode rejection of 
the overall circuit I heretore. a high quality, low leakage 
DC DC converter such as the Burr-Brown Model 722 
should be used. 



" S 



Model 722 DC/DC 
Converter or equivalent 




FIGURE 5. Power and Offset Adjust Connections. 

OFFSET VOLTAGE ADJUSTMENTS 

I he offset nulling circuits are identical for the 3650 and 
3652 and are shown in Figure 5. The offset adjust 
circuitrv is optional and the units will meet the stated 
specifications with the BAF terminals unconnected, 
i'rovisions are available to null both the input and output 
stage ottsets. It the amplilier is operated at a fixed gain, 
normally only one adjustment will be used; the output 
stage ( lOklladjustment) tor low gains and the input stage 
(50kn adjustment) for high gains.OlO). 
Fse the lollowmg procedure if it is desired to null both 
input and output components (tor example, ifthegainof 
the amplilier is to be switched). 1 he input stage otfset is 
first nulled (50kn adjustment) with the appropriate input 
signal pins connected to input common and the amplifier 
set at its maximum gain. The gain is then set to its 



minimum value and the output offset is nulled (lOkll 
adjustment). 



INPUT CONFIGURATIONS 

Some possible input configurations for the 3650 and 3652 
are shown in Figures 6a, 6b, 6c. Differential input sources 
are used in these examples. For situations with non- 
differential inputs the appropriate source term should be 
set to zero in the gain equations and replaced with a short 
in the diagrams. 

Figure 6a shows the 3650 connected as a transconductance 
amplilier with input current sources. Voltage sources arc 
shown in Figure 6b in this case the voltages arc 
converted to currents bv R(,i and R(,:. As shown bv the 
equations, thev pertorm as gain setting resistors in the 
voltage transter tunction. When a single v oltage source is 
used it is recommended (but not essential) that the gam 
setting resistor remain split into two equal halves in order 
to minimi/e errors due to bias currents and common- 
mode rejection (see Ivpical Perlormance Curves). 
Figure 6c illustrates the connections tor the 3652 when 
the FF I butter amplitiers A| and A: are used. I his 
contiguration provides an isolation amplilier with high 
input impedance (both common-mode and ditierential) 
and good common-mode and isolation-mode rejection 
It is a true isolated instrumentation amplilier which has 
man> benetits lor noise rejection w hen source impedance 
imbalances are present. 

in the 3652 the voltage gain of the butter amplifiers is 
slightly less than unity, but the gain ot the output stage 
has been raised to compensate tor this so that the overall 
transfer function from the ±1 or ±1 R inputs to the output 
is correct. It should be noted that Ai and A: are buffer 
amplifiers. No summing can be done at the ±1 or ±IR 
inputs. Figure 6c shows the +1 and -I inputs used. It more 
input voltage protection is desired, then the + 1 R and -1 R 
inputs should be used. I his will increase the input noise 
duetothecontribution tromthe I.6MI1 resistors, but will 
provide additional ditferential and common-mode pro- 
tection ( lOmsec rating of 3kV). 
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HCHIRI' 6a. 3650 With Ditlerentiai Current Sources 




<►— (^) — ^/A-@ 



"OUT 



{"'•"•=l[vvH'$""' , 



KKiURE 6b. 3650 With Differential Voltage Source. 




FIGURE 6c. 3652 with Differential Voltage Source. 

*IMRR here is in pA/ V, typically 5pA/ V at 60Hz and IpA/V at DC. 
**The offset adjustment circuitry and power supply connections have been 
omitted for simplicity Refer to Figure 5 for details. 



ERROR ANALYSIS 

A model of the 3650 suitable for DC error analysis of 
offset voltage, voltage drift versus temperature, bias 
current, etc., is shown in Figure 7. 





Eosi 




T, X 




'^)1 


.^fiS^'l 


r'"yy\ry *^i 


<y=^ 


E>--' 


"62 Jv 




^ k H 


'b2 I 




'*— 1 


1 r 




C (Input) 



Optics 



'l='2 = '3 = '4 



C (Output) 



1 



Ai and A:, the input and output stage amplifiers, are 
considered to be ideal. Separate external generators are 
used to model the offset voltages and bias currents. R,n is 
assumed to be small relative to R(,i and R(,2 and is 
therefore omitted from the gain equation. The feedback 
configuration, optics and component matching are such 
that Ii = I: = h = I4. A simple circuit analysis gives the 
following expression for the total output error voltage 
due to offset voltages and bias currents. 

10'' r ^') 

Vou,-u.,al=_^^j:p^ [Eos, + (Ihi Rc.I -Ih2 R(,2)]H- Eoso 

Offset current is defined as the (difference between the 
two bias currents Im and !»:. If Ibi = iBand Ib2 = Ib+ Ius, 

then, for Rci = R(.2, Vom -Ib = y "- . 

This component of error is not a function of gain and is 
therefore included as a part of Eoso specifications. The 
output errors due to the output stage bias current are also 
included in Eoso. This results in a very simple equation for 
the total error: 

Vo.u-una. = -5^ 4-Eoso (for RcH = Rc.2).. ^^^ 

zK(,i 

In summary it should be noted that equation (2) should 
be used only when R(.i = R(,2. When Rc.i # R(,2, 
equation (1) applies. 

The effects of temperature may be analyzed by replacing 
the offset terms with their corresponding temperature 
gradient terms: 

Vou,-A Vou,/AT, Eos, -AEos,/AT, etc. 

For a complete analysis of the effects of temperature, 

gain variations must also be considered. 



OUTPUT NOISE 

The total output noise is given by 
En (RMS) = n/(E„, G)' -f (E„o/ 
where £„ (RMS) = total output noise 

Eni = RMS noise of the input stage 
Eno = RMS noise of the output stage 
G=10V(R(H + R(.2) 
Eno includes the noise contribution due to the optics and 
the noise currents of the output stage. Errors created by 
the noise current of the input stage are insignificant 
compared to other noise sources and are therefore 
omitted. 



COMMON-MODE and ISOLATION-MODE 
REJECTION 

The expression for the output error due to common- 
mode and isolation mode voltage is: 



FIGURE 7. DC Error Analysis Model for 3650. 
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GUARDING & PROTECTION 

To preserve the excellent inherent isolation characteristics 
ot these amplifiers, the following recommended practice 
should be noted: 

1 . Use shielded, twisted pair of cable at the input as 
with any instrumentation amplifier; 

2. Care sould be taken to minimize external capaci- 
tance. A symmetrical layout of external components 
to achieve balanced capacitance from the input 
terminals to output common will preserve high IM R; 

3. External components and conductor patterns should 
be at a distance equal to or greater than the distance 
between the input and output terminals, to prevent 
HV breakdown. 

4. Though not an absolute requirement, the use of 
laminated or conformally coated printed circuit 
boards is recommended. 

APPLICATIONS 

Figure 8 shows a system where isolation amplifiers (3650) 
are used to measure the armature current and the 
armature voltage of a motor. 



IMu 49gkn^ 




FIGURE 8. Isolated Armature Current and Voltage 

Sensor. 
The armature current of the motor is converted to a 
voltage by the calibrated shunt Rs and then amplifier 
(adjustable gain) and isolated by the 3650. 
The armature voltage is sensed by the voltage divider 
(adjustable) shown and then amplified and isolated by 
the 3650. 

The 3650 provides the advantage of accurate current 
measurement in the presence of high common-mode 
voltage. Both 3650's provide the advantage of isolating 
the motor ground from the control system ground. 
Isolated power is provided by an isolated DC DC 
converter (BB Model 722 or equivalent). 




FIGURE 9. 3652 Used in Patient Monitoring 

Application (ECG. VCG, EMG Amplifier). 



balanced input instrumentation amplifier with very high 
differential and common-mode inpedance means that it 
can greatly reduce the common-mode noise pick up due 
to imbalance in lead impedances that often appear in 
patient monitoring situations. The 3kV and 6kV shown 
in Figure 9 are the 10msec pulse ratings of the +IR and 
-IR inputs for the common-mode and differential input 
voltages with respect to input common. The rating ol the 
isolation barrier is 2000V, pk continuous. The non- 
recurrent pulse rating ot the isolation barrier is 5000V. pk 
since each unit is lactory tested at 5000V, pk. It the 
isolation barrier is to be subjected to higher voltages a gas 
filled surge voltage protection device can be used. For 
multichannel operation, two 3562's can be powered by 
one Model 722 isolated DC/ DC converter. The total 
leakage current for both channels at 240V / 6OH7 would 
still be less than 2juA. 

The block diagram in Figure 1 shows the use of isolation 
amplifiers in SCR control application. 




FIGURE 10. 3-Phase Bidirectional SCR Control with 
Voltage Feedback. 
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BURR -BROWN ® 



3656 




Integrated Circuit - Transformer Coupled 
ISOLATION Ai\/IPLIFIER 



FEATURES 

• INTERNAL ISOLATED POWER 

• 8000V ISOLATION TEST VOLTAGE 

• 0.5mA max leakage AT 120V. 60Hz 

• 3P0RT ISOLATION 

• l2SdB REJECTION AT 60Hz 

• t" X P X 0.25" CERAMIC PACKAGE 



DESCRIPTION 

The 3656 is the first amplifier to provide a total 
isolation function ... both signal and power isolation 
... in integrated circuit form. This remarkable ad- 
vancement in analog signal processing capability is 
accomplished by use of a patented modulation 
technique and minature hybrid transformer. 
Versatility and performance are outstanding features 
of the 3656. It is capable of operating with three 



APPLICATIONS 

• MEDICAL 

Patient monitoring and diagnostic 
Instrumentation 

• INDUSTRIAL 

Ground loop elimination and off-ground 
signal measurement 

• NUCLEAR 

Input/output/power isolation 



completely independent grounds (three-port isola- 
tion). In addition, the isolated power generated is 
available to power external circuitry at either the 
input or output. The uncommitted op amps at the 
input and the output allow a wide variety of closed- 
loop configurations to match the requirements of 
many different types of isolation applications. 
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This product is covered by the following United States patents 4,066,974, 4,103,267, 4, 082,908 Other patents pending may also apply upon the 
allowance and issuance of patents thereon The product nnay also be covered in other countries by one or more international patents 
corresponding to the above-identified U S patents 

International Airport Industrial Parl( - P.O. Box 11400 - Tucson. Arizona 85734 - Tel. |602| 746-1111 - Twx: 910-952-1111 - Cable- BBRCORP - Telex: 66-6491 
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THEORY OF OPERATION 

Details of the 3656 are shown in Figure 1 . The external , 
connections shown, place it in its simplest gain 
configuration - unity gain, nojiinverting. Several other 
amplifier gain configurations and power isolation 
configurations are possible. See Installation and 
Operating Instructions and Applications sections for 
details. 

Isolation of both signal and power is accomplished with a 
single miniature toroid transformer with multiple 
windings. A pulse generator operating at approximately 
750kHz provides a two-part voltage waveform to 
transformer Ti. One part of the waveform is rectified by 
diodes Di through D4 to provide the isolated power to the 
input and output stages (-I-V, -V and V+, V-). The other 
part of the waveform is modulated with input signal 
information by the modulator operating into the V2 
winding of the transformer. 

The modulated signal is coupled by windings We and W7 
to two matched demodulators - one in the input stage and 
one in the output stage - which generate identical voltages 
at their outputs, pins 10 and 1 1 (voltages identical with 
respect to their respective commons, pins 3 and 1 7). In the 
input stage the input amplifier Ai , the modulator and the 
input demodulator are connected in a negative feedback 
loop. This forces the voltage at pin 6 (connect as shown 



in Figure 1) to equal the input signal voltage applied at 
pin 7. Since the input and the output demodulators are 
matched and produce identical output voltages, the 
voltage at pin 11 (referenced to pin 17, the output 
common) is equal to the voltage at pin 10 (referenced to 
pin 3, the input common). In the output stage, output 
amplifier A2 is connected as a unity gain buffer, thus the 
output voltage at pin 15 equals the output demodulator 
vohage at pin 11. The end result is an isolated output 
voltage at pin 15 equal to the input voltage at pin 7 with 
no galvanic connection between them. 
Several amplifier and power connection variations are 
possible: 

1. The input stage may be connected in various oper- 
ational amplifier gain configurations. 

2. The output stage may be operated at gains above unity. 

3. The internally generated isolated voltages which 
provide power to Ai and A2 may be overridden and 
external supply voltages used instead. 

Versatility and its three independent isolated grounds 
allow simple solutions to demanding analog signal 
conditioning problems. See the Installation and 
Operating Instructions and Applications sections for 
details. 
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FIGURE 1. Block Diagram. 
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SPECIFICATIONS 



ELECTRICAL 

At +25«'C, V± = 15VDC and 15VDC between P+ and P-. unless otherwise noted 



PARAMETER 


CONDITIONS 


3656AG, BQ, HG, JG, KG 


UNITS 


MIN 1 TYP 


MAX 


ISOLATION 1 


Voltage 












Rated Continuous(i), DC 




3500(1000. 






VDC 


Rate Continuous(2), AC 




2000(700. 






V, rms 


Test, lOsec(i) 




8000(3000. 






VDC 


Rejection 


Gi = 10V/V 










DC 






160 




dB 


60Hz, <100flinl/PCom(2) 






125 




dB 


60Hz, 5kll in l/P Com(2) 












3656HG 




108 






dB 


3656AG. BG, JG, KG 




112 






dB 


Capacitance(i) 






60(63i 




pF 


Resistance(i) 






10^2,1012, 




n 


Leakage Current 


120V, 60Hz 




28 


05 


mA 


GAIN 1 


Equations 


See Text 










Accuracy of Equations 












InitialO) 3656HG 


G<100V/V 






1 5 


% 


3656AG,JG,KG 








10 


% 


3656BG 








03 


% 


vs Temperature 3656HG 








480 


ppm/°C 


3656AG,JG 








120 


ppm/°C 


3656BG, KG 








60 


ppm/°C 


vs Time 






02 ( 1 + log khrs > 




% 


Nonlinearity 


Ra + Rf = Rb^2MI1 










External Supplies used at 












pins 12 and 16, 3656HG 


Unipolar or Bipolar Output 






±015 


% 


3656AG, JG, KG 








±0 1 


% 


3656BG 








±0 05 


% 


Internal Supplies used for 


Bipolar Output Voltage 










Output Stage 


Swing, Full Load(4) 




±0 15 




% 


OFFSET V0LTAGE(5) 


RTI 






lnitial(3),3656HG 


15Vp between P+ and P- 






±|4 + 40/Gi.| 


mV 


3656 AG, JG 








±|2 + (20/Gv| 


mV 


3656BG, KG 








±|1 +.10/Gi.| 


mV 


vs Temperature, 3656HG 








±|200 + .1000/Gi.| 


mV/°C 


3656JG 








±|50 + .750/Gii| 


mV/°C 


3656AG 








±|25 + (500/Gi)| 


mV/°C 


3656KG 








±|10 + (350/Gi.| 


mV/°C 


3656BG 








±|5 + (350/Gii| 


)uV/°C 


vs Supply Voltage 


Supply between P+ and P- 










3656HG 








±10 6+ (3 5/Gi.| 


mV/V 


3656AG, BG, JG, KG 








±103 + (21/Gi(| 


mV/V 


vs Current(6) 






±|0 1 +i10/Gr| 


±(0 2 + (20/Gi)| 


mV/mA 


vs Time 






±|10 + (100/Gii| X 
(1 + log khrs . 




mV 


AMPLIFIER PARAMETERS 


ApplytoAl andA2 






Bias Current(7) 












Initial 








100 


nA 


vs Temperature 






05 




nA/°C 


vs Supply 






02 




nA/V 


Offset Current(7) 






5 


20 


nA 


Impedance 


Common-mode 




100 II 5 




Mil II pF 


Input Noise Voltage 


fB = 05Hz to 100Hz 




5 




mV, p-p 




fB = 10Hz to 10kHz 




5 




/uV, rms 


Input Voltage Range(8) 












Linear Operation 


Internal Supply 






±5 


V 




External Supply 






Supply -5V 


V 


Without Damage 


Internal Supply 






±8 


V 




External Supply 






Supply 


V 


Output Current 


VouT = ±5V 












±15V External Supply 


±5 






mA 




Internal Supply 


±2 5 






mA 




VOUT = ±10V 












±15V External Supply 


±2 5 






mA 




VouT = ±2V.Vp..P-=8.5V 












Internal Supply 




±1 




mA 


Quiescent Current 






150 


450 


mA 
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ELECTRICAL (CONT) 

At +25°C, \/± = 15VDC and 15VDC between P+ and P-, unless otherwise noted 



PARAMETER 


CONDITIONS 


3656AG. BG, HG, JG, KG 


UNITS 


MIN 


TYP 


MAX 


FREQUENCY RESPONSE [ 


±3dB Response 


Small Signal 




30 




kHz 


Full Power 






1 3 




kHz 


Slew Rate 


Direction measured at output 


+0 1,-0 04 






V/Msec 


Settling Time 


to 05% 




500 




Msec 


OUTPUT 1 


Noise Voltage (RTI) 


fB= 05Hz to 100Hz 








mV, P-P 


\/i5'2 + .22yGi'^ 




fB = 10Hz to 10kHz 




s/.5.2+,ii/Gv2 




mV, rms 


Residual RippleO) 






5 




mV, p-p 


POWER SUPPLY IN 


at P+, P- 










Rated Performance 






15 




VDC 


Voltage RangedO) 


Derated Performance 


85 




16 


VDC 


Ripple CurrentO) 






10 


25 


mA, p-p 


Quiescent Current(ii) 


Average 




14 


18 


mA, DC 


Current vs Load Current(i2) 


vs Currents from +V, -V, V+, V- 




07 




mA/mA 


ISOLATED POWER OUT 


at+V, -V, V+, V-pins(i3) 










Voltage, no load 


15V between P+ and P- 


85 


90 


95 


V 


Voltage, full load 


±5mA (10mA sum 1 load(i2) 


70 


80 


90 


V 


Voltage vs Power Supply 


vs Supply between P+ and P- 




. 66 




V/V 


Ripple VoltageO) 












No load 






40 




mV, p-p 


Full load 


±5mA load 




80 


200 


mV, p-p 


TEMPERATURE RANGE | 


Specification 3656AG, BG 




-25 




+85 


°C 


3656HG, JG, KG 









+70 


°C 


Operation(iO) 




-55 




+100 


°C 


Storage(i4) 




-65 




+125 


°C 



(D 



NOTES: 

1 Ratings in parenthesis and between P- (pin 20) andO/PCom (pin 17) 
Other isolation ratings are between l/P Com and 0/P Com or l/P Com 
and P- 

2 May be improved with proper shielding See Performance Curves 

3 May be trimmed to zero 

4 If output swing is unipolar, orif the output is not loaded, specification 
same as if external supply were used 

5 Includes effects of Ai and A2 offset voltages and bias currents if 
recommended resistors used 

6 Versus the sum of all external currents drawn from V+, V-, +V, -V 
(=ISO) 

7 Effects of Ai and A2 bias currents and offset currents are included in 
Offset Voltage specifications 

8 With respect to l/P Com (pin 3) for Ai and with respect to O/P Com (pin 
17) for A2 CMR for Ai and A2 is lOOdB, typical 

9 In configuration of Figures Ripplefrequency approximately 750kHz 
Measurement bandwidth is 30kHz 

10 Decreases linearly from 16VDC at 85° C to 12 VDC at 100°C 

1 1 Instantaneous peak current required from pins 19 and 20 at turn-on is 
100mA for slow rising voltages (50msec) and 300mA for fast rises 

(50/:xSeC) 

12 Load current is sum drawn from +V, -V, V+, V- (= iiso) 



13 Maximum voltage rating at pins 1 and4 is±18VDC, maximum voltage 
rating at pins 12 and 16 is ±18VDC 

14 Isolation ratings may degrade if exposed to 125''C for more than 1000 
hours or 90°C for more than 50.000 hours 

MECHANICAL 




PIN DESIGNATIONS 






1 +v 


11 


OUTPUT DEMOD 


2 MOD INPUT 


12 


V- 


3 INPUT DEMOD COM 


13 


A2 NONINVERTING INPUT 


4 -V 


14 


A2 INVERTING INPUT 


5 BALANCE 


15 


A2 OUTPUT 


6 Ai INVERTING INPUT 


16 


V+ 


7 Ai NONINVERTING INPUT 


17 


OUTPUT DEMOD COM 


8 BALANCE 


18 


NO PIN 


9 Ai OUTPUT 


19. 


P+ 


10 INPUT DEMOD 


20 


P- 




CASE Ceramic 

MATING CONNECTOR None 

WEIGHT 10 grams (0 35 oz 1 

PINS Pin material and plating 
composition to conform to 
metnod 2003 isolderability) of 
MIL-STD-883 (except 
paragraph 3 2) 



X 



DIM 


INCHES 


MILLIMETERS ] 


MIN 


MAX 


MIN 


MAX 


A 


1 080 


1 120 


27 43 


28 45 


B 


1 080 


1 120 


27 43 


28 45 


C 


235 


300 


5 97 


7 62 


D 


018 


021 


46 


53 


F 


035 


050 


89 


1 27 


G 


100 BASIC 


2 54 BASIC 


H 


100 BASIC 


2 54 BASIC 


K 


150 1 350 


381 1 889 


L 


900 BASIC 


22 86 BASIC 


N 


002 1 010 


05 1 25 


R 


100 BASIC 


2 54 BASIC 



f2 
o 

3 
O 

o 

0. 

z 
o 

F 

< 
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TYPICAL PERFORMANCE CURVES 



All speciTications typical at +25°C unless otherwise noted 
SMALL SIGNAL FREQUENCY RESPONSE 

+5 

m 



PHASE RESPONSE 



OUTPUT SWING VS SUPPLY VOLTAGE 



£ -5 

O 

a -10 



-15 
-20 
-25 







1 1 II 


J 


iiiiiii 






1 II tfM 


y^ 


t::V 


\i° 


lllll 
= 1 


^ 


N, 


r 


s 


\ 


\ 






^ 


'€" 


100 


'i, ^^ ^ 


; 






\ 




I 




\ 


v 


Gi = 


VodoX 


i 


\ 




\ 


v+.v- 

1 1 -1 


= +15V 
5V| 
300mV 

Hill 


\, 


\ 




; ' 


V 
G 


OUT = 
2 = 2 


1 









100 300 



Ik 3k 10k 30k 100k 
Frequency (Hz) 
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OUTPUT SWING AND DISTORTION 
VS FREQUENCY 
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Temperature («>C) 
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QUIESCENT CURRENT VS TEMPERATURE 
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CURRENT VS TEMPERATURE 
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ISOLATION-MODE REJECTION VS GAIN 



-25 +25 +50 +70+85+100 
Temperature CC) 
ISOLATION-MODE REJECTION 
VS FREQUENCY 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

The 3656 is a very versatile device capable of being used in 
a variety of isolation and amplification configurations. 
There are several fundamental considerations that 
determme configuration and component value con- 
straints: 

1 . Consideration must be given to the load placed on the 
resistance (pin 10 and pin 11) by external circuitry. 
Their output resistance is lOOkfl and a load resistor of 
2 MO or greater is recommended to prevent a voltage 
divider loading effect in excess of 5%. 

2. Demodulator loadings should be closely matched so 
their output voltages will be equal. (Unequal de- 
modulator output voltages will produce a gain error.) 
Atthe2Mn level, a matching error of5% will cause an 
additional gain error of 0.25%. 

3. Voltage swings at demodulator outputs should be 
limited to 5V. The output may be distorted if this limit 
is exceeded. This constrains the maximum allowed 
gains of the input and output stages. Note that the 
voltage swings at demodulator outputs are tested with 
2MCI load for a minimum of 5V. 

4. Total current drawn from the mternal isolated supplies 
must be limited to less than ±5mA per supply and 
limited to t total of 10mA. In other words, the 
combination of external and internal current drawn 
from the internal circuitry which feeds the +V, -V, V+ 
and V- pins should be limited to 5mA per supply (total 
current to +V, -V, V+ and V- limited to 10mA). The 
internal filter capacitors for ±V are O.OljuF. If more 
than O.lmA is drawn to provide isolated power for 
external circuitry (see Figure 1 2), additional capacitors 
are required to provide adequate filtering. A minimum 
of 0.1/uF/mA is recommended. 

5. The input voltage at pin 7 (noninverting input to Ai) 
must not exceed the voltage at pin 4 (negative supply 
voltage for Ai) in order to prevent a possible lockup 
condition. A low leakage diode connected between 
pins 7 and 4, as shown in Figure 2, can be used to limit 
this input voltage swing. 

6. Impedances seen by each amplifier's + and - input 
terminals should be matched to minimize offset 
voltages caused by amplifier input bias currents. Since 
the demodulators have a lOOkH output resistance, the 
amplifier input not connected to the demodulator 
should also see lOOkO. 

7. All external filter capacitors should be mounted as 
close to the respective supply pins as is possible in 
order to prevent excessive ripple voltages on the 
supplies or at the output. (Optimum spacing is less than 
0.5". Ceramic capacitors recommended.) 

POWER AND SIGNAL 
CONFIGURATIONS 

NOTE: Figures 2, 3 and 4 are used to illustrate both 
signal and power connection configurations. In the 
circuits shown, the power and signal configurations are 
independent so that any power configuration could be 
used with any signal configuration. 



ISOLATED POWER CONFIGURATIONS 

The 3656 is designed with isolation between the input, the 
output, and the power connections. The internally 
generated isolated voltages supplied to Ai and A2 may be 
overridden with external voltages greater than the 
internal supply voltages. These two features of 3656 
provide a great deal of versatility in possible isolation and 
power supply hook-ups. When external supplies are 
applied, the rectifying diodes (Di through D4) are reverse 
biased and the internal voltage sources are decoupled 
from the amplifiers (see Figure 1). Note that when 
external supplies are used, they must never be lower than 
the internal supply voltage. 

Three-Port 

The power supply connections in Figure 2 show the full 
three-port isolation configuration. The system has three 
separate grounds with no galvanic connections between 
them. The two external 0.47/iF capacitors at pins 12 and 
16 filter the rectified isolated voltage at the output stage. 
Filtering on the input stage is provided by internal 
capacitors. In this configuration continuous isolation 
voltage ratings are: 3500V between pins 3 and 17; 3500V 
between pins 3 and 19; lOOOV between pins !7 and 19. 




<§ 



lUkn 




>rfW^ 



•out 






-©_J 



0/P PWR 



l/P PWR 



PULSE GEN -Cl9J j_ 7 ^ 



15V 



FIGURE 2. Power: Three-port Isolation; 

Signal: Urity-gain Noninverting. 
Two-Port - Bipolar Supply 

Figure 3 shows two-port isolation which uses an external 
bipolar supply with its common connected to the output 
stage ground (pin 17). One of the supplies (either + or - 
could be used) provides power to the pulse generator 
(pins 19 and 20). The same sort of configuration is 
possible with the external supplies connected to the input 
stage. With the connection shown, filtering at pins 1 2 and 
16 is not required. In this configuration continuous 
isolation voltage rating is: 3500V DC between pins 3 and 
17; not applicable between pins 17 and 19; 3500VDC 
between pins 3 and 19. 
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FIGURE 3. Power: Two-port, Dual Supply; 
Signal: Noninverting Gain. 

Two-Port Single Supply 

Figure 4 demonstrates two-port isolation using a single 
polarity supply connected to the output common (pin 
17). The other polarity of supply for A2 is internally 
generated (thus the filtering at pin 12). This isolated 
power configuration could be used at the input stage as 
well and either polarity of supply could be employed. In 
this configuration continuous isolation voltage rating is: 
3500V between pins 3 and 17; 3500V between pins 3 and 
19; not applicable between pins 17 and 19. 
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FIGURE 4. Power: Two-port, Single Supply; 
Signal: Inverting Gains. 



SIGNAL CONFIGURATIONS 
Unity Gain Noninverting 

The signal path portion of Figure 2 shows the 3656 in its 
simplest gain configuration: unity gain noninvertmg. 
The two lOOkn resistors provide balanced resistances to 
the inverting and noninverting inputs of the amplifiers. 
The diode prevents latch up in case the input voltage goes 
more negative than the voltage at pin 4. 

Noninverting With Gain 

The signal path portion of Figure 3 demonstrates two 

additional gain configurations: gain in the otuput stage 

and noninverting gain in the input stage. The following 

equations apply: 

Total amplifier gain: 

G= G, •G: = Vol I V,s (1) 

Input Stage: 

G, = 1 + (R,/Rx) (Select Gi to be less than 

5V/ full scale Vin to limit demodulator output 

to5V) (2) 

Ra + Rr > 2 MO (Select to load input 

demodulator with at least 2Mfl) (3) 

Re = Ra II (Rf+ 100kn) = 

Ra(Rf+ lOOkO) 

Ra+ Rf+ lOOkn 
(Balance impedances seen by the + and - inputs 
of Ai to reduce input offset caused by bias 
current) (4) 

Output Stage: 

G: = 1 + (Rx/ Rk) (Select ratio to obtain Voi i 

between 5V and lOV full scale with Vin at its 

maximum) (5) 

Rx II Rk = lOOkO (Balance impedances seen 

by the + and - inputs of A2 to reduce effect 

of bias current on the output offset) (6) 

Rb = Ra + Rf (Load output demodulator 

equal to input demodulator) (7) 



Inverting Gain, Voltage or Current Input 

The signal portion of Figure 4 shows two possible 

inverting input stage configurations: current and input 

and voltage input. 

Input Stage: 

For the voltage input case: 

Gi = -Rf/ Rs (Select Gi to be less than 

5 V/ full scale Vin to limit the demodulator 

output voltage to 5V) (8) 

Rf = 2Mn (Select to load the demodulator 

with at least 2Mn (9) 



Re = Rs II (Rf + 100kn) = 



Rs(RF-f- lOOkO) 



Rs+ Rp-h lOOkn 
(Balance the impedances seen by the + and 
- inputs of Ai). 



(10) 
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For the current input case: 
VouT = -IiN Rf • G2 (11) 

Rc=Rf (12) 

Rf may be made larger than 2MCI if desired. The lOpF 
capacitors are used to compensate for the input 
capacitance of Ai and to insure frequency stability. 

Output Stage: 

The output stage is the same as shown in equations (5), 

(6), and (7). 

Illustrative Calculations: 



The maximum input voltage is lOOmV. It is desired to 
amplify the input signal for maximum accuracy. Non- 
invefting output is desired. 

Input Stage: 
Step 1 

Gi max = 5V/Max Input Signal = 5V 0.1V = 50V/V 
With the above gain of 50V/ V, if the input ever exceeds 
lOOmV, it would drive the output to saturation. There- 
fore, it is good practice to allow reasonable input 
overrange. 

So, to allow for 25% input overrange without saturation 
at the output, select; 

G, =40V/V 

Gi= 1 +(Rf + Ra) = 40 

.-. Rf Ra = 39 (13) 

Step 2 

Ra + Rf forms a voltage divider with the lOOkH output 
resistance of the demodulator. To limit the voltage 
divider loading effect to no more than 5%, Ra + Rf 
should be chosen to be at least 2MCI. For most 
applications, the 2Mn should be sufficiently large for Ra 
+ Rf. Resistances greater than 2Mn may help decrease 
the loading effect, but would increase the offset voltage 
drift. 

the voltage divider with Ra + Rf = 2Mn is 2Mn/ (2Mn 
+ lOOkH) = 2/(2-1-0.1) = 95.2%, i.e., the percent loading 
is 4.8%. 

Choose Ra + Rf = 2Mn ( 14) 

Step 3 

Solving equations ( 1 3) and ( 14) 
Ra = 50kn and Rf = 1.95Mn 
Step 4 

The resistances seen by the -I- and - input terminals of the 
input amplifier Ai should be closely matched in order to 
minimize offset voltage due to bias currents. 

.-. Re = Ra II (Rf + lOOkH) 

= 50kn II (1.95Mn+ lOOkH) 
«49kn 

Output Stage: 
Step 5 

VoUI = ViN MAX • Gl • G2 

As discussed in Step 1 , it is good practice to provide 25% 
input overrange. 



So we will calculate G2 for lOV output and 125% of the 
maximum input voltage. 

.-. VoLi= (1.25 X 0.1 )(G,)(G2) 
i.e., 10V = 0.125 X 40 XG2 
.'. G2= 10V/5V = 2V V 

Step 6 

G2= 1-H(Rx/Rk) = 2.0 

•• Rx/Rk= 1.0 

•'. Rx=Rk (15) 

Step? 

The resistance seen by the-l- input terminal of the output 
stage amplifier A2 (pm 1 3) is the output resistance lOOkH 
of the output demodulator. The resistance seen by the 
(-) input terminal of A2(pinl4)should be matched to the 
resistance seen by the + input terminal. 

The resistance seen by pin 14 is the parallel combination 
of R\ and Rk. 

.-. Rx II Rk= lOOkn 

i.e., (Rx • Rk/(R\ + Rk) = lOOkO 

i.e., Rk/[1 + (Rk/ Rx)] = lOOkn ( 16) 

Steps 

Solving equations ( 1 5) and ( 16) Rk = 20kn and 

Rx = 200kn. 

Step 9 

The otuput demodulator must be loaded equal to the 

input demodulator. 

.-. Rb = Ra -H Rf = 2Mn 

(See equation ( 14) above in Step 2) 

Use the resistor values obtained in Steps 3, 4, 8 and 9, and 
connect the 3656 as shown in Figure 3. 

OFFSET TRIMMING 

Figure 5 shows an optional offset voltage trim circuit. It is 

important that Ra + Rf = Rb. 

CASE 1: Input and output stages in low gain, use 
output potentiometer (R2) only. Input poten- 
tiometer (Ri) may be disconnected. For 
example, unity gain could be obtained by 
setting Ra= RB = 20Mn, Re = lOOkd, Ri =0, 
Rx= lOOkn, and Rk = -. 

CASE 2: Input stage in high gain and output stage in 
low gain, use input potentiometer (Ri) only. 
Output potentiometer (R2) may be discon- 
nected. For example, Gi = 100 could be 
obtained by setting Rf = 2Mn, Rb = 2Mn 
returned to pin 17, Ra = 20kn, Rx = lOOkH, 
and Rk = ". 

CASE 3: When it is necessary to perform a two-stage 
precision trim (to maintain a very small offset 
change under conditions of changing temper- 
ature and changing gain in Ai and A2), use 
step I to adjust the input stage and step 2 for 
the output stage. Carbon composition resis- 
tors are acceptable but potentiometers should 
be stable. 
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FIGURE 5. Optional Offset Voltage Trim. 

Step 1: Input stage trim (Ra= Re =20kn,Ri =Rb = 
20Mn, Rx = lOOkn, Rk = =^, R: disconnected); 
Ai high, A2 low gain. Adjust Ri forOV±5mV 
or desired setting at Vout, pin 15. 

Step 2: Output stage trim (Ra = Rb = 20Mn, Re = 
lOOkn, Rf = 0, Rx = lOOkn, Rk = -, Ri and 
R2 connected); Ai low, A2 low gain. Adjust R2 
for V ± 1 mV or desired setting at Vout, pin 1 5 
(±1 rOmV approximate total range). 

Note: Other circuit component values can be used 

with valid results. 



APPLICATIONS 

ECG AMPLIFIER 

Although the features of the circuit shown in Figure 6 are 
important in patient monitoring applications, they may 
also be useful in other applications. The input circuitry 
uses an external, low quiescent current op amp (OPA21 
type) powered by the isolated power of the input stage to 
form a high impedance instrumentation amplifier mput 
(true three-wire input). R^ and R4 give the input stage 
amplifier of the 3656 a noninverting gain of 10 and an 
in verting gain of -9. Ri and R: give the external amplifier 
a noninverting gain of 1 + 1 9. The inputs are applied to 
the noninvertmg inputs of the two amplifiers and the 
composite input stage amplifier has a gain of 10. 
The 330k(), IW, carbon resistors and diodes Di - D4 
provide protection for the mput amplifiers from de- 
fibrillation pulses. 

The output stage in Figure 6 is configured to provide a 
bandpass filter with a gain of 22.7 (68Mn/3Mn). The 
high-pass section (0.05 Hz cutoff) is formed by the l/zF 
capacitor and 2Mn resistor which are connected in series 
between the output demodulator and the inverting input 
of the output stage amplifier. The low-pass section 
(lOOHzcutofO is formed by the68M(l resistor and 22pF 
capacitor located in the feedback loop of the output 
stage. The diodes provide for quick recovery of the high- 
pass filter to overvoltages at the input. The lOOkH pot 
and the lOOMH resistor allow the output voltage to be 
trimmed to compensate for increased offset voltage 
caused by unbalanced impedances seen by the inputs of 
the output stage amplifier. 

In many modern electrocardiographic systems, the 



Ra 330kll 




3<W^ 



-Q)- 



24V/0i>W 



i: 



INPUT POWER 




lOOMf) f 
(4) 



OUTPUT 
POWER 



PULSE 6EN 




^ 0.47mF 
(31 



I00kn>-^ 



HIGH 



LOW 



?k 0.47mF 



NOTES: 

1. BANDPASS OJISHz TO lOOHz. 

2. ADJUSTABLE RESISTOR MAY BE USED TO ACHIEVE MAX COMMON-MODE REJECTION BETWEEN Li/Ri and RL 

3. NEBATIVE 15V SUPPLY MAY BE CONNECTED IN PUCE OF 0.47/.F CAPACITOR IF AVAIUBLE. 

4. SEE OFFSET TRIMMIN6 SECTION. 
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FIGURE 6. ECG Amplifier. 
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FIGURE 7. Driven Right-Leg ECG Amplifier. 

patient is not grounded. Instead, the right-leg electrode is 
connected to the output of an auxiliary operational 
amplifier as shown in Figure 7. In this circuit, the 
common-mode voltage on the body is sensed by the two 
averaging resistors Ri and R2, inverted, amplified, and 
fed back to the right-leg through resistor R4. This, 
negative feedback drives the common-mode voltage to a 
low value. The body's displacement current id does not 
flow to ground, but rather to the output circuit of A3. 
This reduces the pickup as far as the ECG amplifier is 
concerned and effectively grounds the patient. 



The value of R4 should be as large as practical to isolate 
the patient from ground. The resistors R3 and R4 may be 
selected by these equations: 

R3 = (R,/2) (Vo/Vcm) and R4 = (Vcm - Vo)/id 
(-1OV ^ Vo ^ +10V and -lOV < Vcm ^ +10V) 

where Vo is the output voltage of A3 and Vcm is the 
common-mode voltage between the inputs La and Ra 
and the input common at pin 3 of the 3656. 
This circuit has the added benefit of having higher 
common-mode rejection than the circuit in Figure 6 
(approximately lOdB improvement). 



BIPOLAR CURRENT OUTPUT 

The three-port capability of the 3656 can be used to 
implement a current output isolation amplifier function, 
usually difficult to implement when grounded loads are 
involved. The circuit is shown in Figure 8 and the 
following equations apply: 



louT ^ ±2.5mA 

Vi. ^±4V (compliance) 

Ri.^ 1.6ka 

Rf+ Ra = Ri + R2^2Mn 



CURRENT OUTPUT - LARGER UNIPOLAR 
CURRENTS 

A more practical version of the current output function is 
shown in Figure 9. If the circuit is powered from a source 
greater than 15V as shown,a three-terminal regulator 
should be used to provide 15V for the pulse generator 
(pins 19 and 20). The input stage is configured as a unity 
gain buffer, although other configurations such as current 
input could be used. The circuit uses the isolation feature 
between the output stage and the primary power supply 
to generate the output current configuration that can 
work into a grounded load. Note that the output 
transistors can only drive positive current into the load. 
Bipolar current output would require a second transistor 
and dual supply. 

ISOLATED 4mA TO 20mA OUTPUT 

Figure 1 shows the circuit of an expanded version of the 
isolated current output function. It allows any input 
voltage range to generate the 4mA to 20mA output 
excursion and is also capable of zero suppression. The 
"span" (gain) is adjusted by R2 and the "zero" (4mA 
output for minimum input) is set by the 200kn pot in the 
output stage. A three-terminal 5V reference is used to 
provide a stable 4mA operating point. The reference is 
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FIGURE 8. Bipolar Current Output, 
connected to insert an adjustable bias between the 
demodulator output and the noninverting input of the 
output stage. 

DIFFERENTIAL INPUT 

Figure 1 1 shows the proper connections for differential 
input configuration. The 3656 is capable of operating in 
this input configuration only for floating loads (i.e., the 
source Vis has no connection to the ground reference 
established at pin 3). For this configuration the usual 
2Mn resistor used in the input stage is split into two 
halves, Rj and Rf-. The demodulator load (seen by pin 
10 with respect to pin 3) is still 2Mfl for the floating load 
as shown. Notice pin 19 is common in Figure 1 1 whereas 
pin 20 is common in previous figures. 
SERIES STRING SOURCE 

Figure 12 shows a situation where a small voltage, which 
is part of a series string of other voltages, must be 



FIGURE 9. Isolated 1 to 5Vin/4 to 20mA loui. 
measured. The basic problem is that the small voltage to 
be measured is 500V above the system ground (i.e., a 
system common-mode voltage of 500V exists). The 
circuit converts this system CM V to an amplifier isolation 
mode voltage. Thus, the isolation voltage ratings and 
isolation-mode rejection specifications apply. 

IMPROVED INPUT QHARACTERISTICS 

In situations where it is desired to have better DC input 
amplifier characteristics than the 3656 normally provides 
it is possible to add a precision operational amplifier as 
shown in Figure 13. Here the instrumentation grade 
Burr-Brown 3510 is supplied from the isolated power of 
the input stage. The 3656 is configured as a unity-gain 
buffer. The gain of the 35 1 stage must be chosen to limit 
its full scale output voltage to 5V and avoid overdriving 
the 3656's demodulators. Since the 3656 draws a 




FIGURE 10. Isolated 4mA to 20mA lou 
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FIGURE 1 1. Differential Input, Floating Source. 

significant amount of supply current, extra filtering for 
the input supply is required as shown (2 x 0.47/xF). 



ELECTROMAGNETIC RADIATION 

The transformer coupling used in the 3656 for isolation 
makes the 3656 a source of electromagnetic radiation 
unless it is properly shielded. Physical separation 



FIGURE 12. Series Source. 

between the 3656 and sensitive components may not give 
sufficient attenuation by itself. In these applications the 
use of an electromagnetic shield is a must. A shield, 
Burr-Brown lOOMS, is specially designed for use with 
the 3656 package. Note that the offset voltage appearing 
at pin 15 may change by 4mV to I2mV with use of the 
shield; however, this can be trimmed (see Offset Trim- 
ming section). 
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FIGURE 13. Isolator for Low-Level Signals. 
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ANALOG CIRCUIT FUNCTIONS 



Analog circuits act as building blocks with which to perform a variety of 
instrumentation, computation, and control functions. They provide a broad 
range of versatile, proven, and ready to use computational functions for the 
designer to use in developing simple or complex systems. The analog circuit 
functions include multipliers, dividers, multifunction converters, true rms-to- 
DC converters, logarithmic amplifiers, voltage and window comparators, 
peak detectors, precision oscillators, and filters. The multifunction converters 
also provide multiply, divide, square root, exponentiation, roots, sine, cosine, 
arctangent, vector magnitude rms-to-DC and logarithmic amplifier func- 
tions. 

The availability of these relatively complex functions as precise, versatile, 
easy-to-use, low-cost building blocks has broadened the scope of practical 
analog circuit systems and greatly simplified analog circuit designs. The 
names of most analog circuit functions are self-explanatory and describe the 
main functions they perform. 

The functions are used mostly for processing and/or conditioning of analog 
signals, and for simulation of algebraic and/or trigonometric analog compu- 
tations. The variety of applications these functions are effectively used for, 
are limited only by the designer's creative imagination. Some of the interest- 
ing applications where analog circuit functions have found wide acceptance 
are listed in the table on the following page. 




Burr 'Brown IC Data Book 



5-1 



Vol. 33 



Types of Applications 



Recommended Analog Circuit Function 



Analog simulation 

Algebraic and trigonometric computations 

Power series approximation, function fitting and 

linearizing 
Analog wave shaping 

VCO and AGC applications 

Vector computation 

Power and energy measurements 

Modulation and demodulation 

Signal compression 

Log-antilog-log ratio computations 

Light-related measurements 

Analog signal conditioning 

Instrumentation and control systems 

Test equipment 

Transducer excitation 

Signal reference 

Alarm circuits 

Bang-bang control applications 

Control of limit stops 

Analog memory and peak detection 



Multiplier, Divider, Multifunction Converter, Logarithmic Amplifier, 
Oscillator 



Multiplier, Divider 

Multifunction Converter, Multiplier 

Multiplier, rms-to-DC Converter 

Multiplier, Divider 

Logarithmic Amplifier 

Logarithmic Amplifier 

Logarithmic Amplifier 

All circuit functions 

All circuit functions 

All circuit functions 

Oscillator 

Oscillator 

Voltage and Window Comparators 

Voltage and Window Comparators 

Voltage and Window Comparators 

Peak Detection 



ANALOG CIRCUIT FUNCTIONS 
SELECTION GUIDES 

The Selection Guides show parameters for the high grade. Refer to the 
Product Data Sheet for a full selection of grades. Models shown in boldface 
are new products introduced since publication of the previous Burr-Brown IC 
Data Book. 

MULTIPLIERS/DIVIDERS 

You can select accuracy from 0.25% max and up from this complete line of 
integrated circuit multipliers. Most provide full four-quadrant multiplication. 
All are laser-trimmed for accuracy — no trim pots are needed to meet specified 
performance. These compact models bring the cost of high performance 
down to acceptable levels. 
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MULTIPLIERS/DIVIDERS 














Boldface 


! = NEW 


Model 


Transfer Function 


Error at 
+25°C 
max (%) 


Temp 
Coeff 

(%/°C) 


Feed- 
through 
(mV) 


Offset 

Voltage 

(mV) 


1% 
BW 
(kHz) 


Temp 
Range(i) 


Pkg 


Page 


MPY100 


P_X^)(Y-Y,)/10]-»-Z, 


±0.5 


0.008 


30 


7 


70 


Ind 


TO-100 


5-26 


MPY534 


[(X-X,)(Y-Y,)/101 + Z, 


±0.25 


0.008 


0.05% 


2 


3MHz 


Com 


TO-100 


5-34 


MPY634M 


[(X-X,)(Y-Y,)/10] + Z3 


±0.5 


0.015 


0.15% 


2 


10MHz 


Ind 


TO-100 


5-41 


MPY634P 


[(X-X,){Y-Y3)/10]h-Z, 


±2.0 


0.03 


0.3% 


25 


10MHz 


Ind 


DIP 


5-41 


AD632 


[(x-x,)(Y-y,)/io] + z, 


±0.5 


0.01 


0.15 


15 


50 


Ind 


TO-100 


5-6. 



NOTE: (1) Com = 0°C to +70°C, Ind = -25°C to +85°C. 

SPECIAL FUNCTIONS 

This group of models offers many different functions that are the quick, easy 
way to solve a wide variety of analog computational problems. Most are in 
integrated circuit packages and are laser-trimmed for excellent accuracy. 



SPECIAL FUNCTIONS 1 


Function Model 


Description 


Comments 


Temp 
Range(^) Pkg 


Page 


Multifunction 4302 
Converter 


Y (Z/X)-" 

This function may be used to multiply, 
divide, raise to powers, take roots 
and form sine and cosine functions. 


Plastic Package. 


Ind DIP 


5-109 



LOG100 KLogCI/y 



Optimized for log ratio 
of current Inputs. 
Specified over six dec- 
ades of input (InA to 
1mA), 55mV total error, 
0.25% log conformity. 



Com 



Peak 4085 This is an analog memory circuit 

Detector that holds and provides readout of a 

DC voltage equal to peak value of a 
complex Input waveform. 



Digital mode control 
provides reset capa- 
bility and allows selec- 
tion of peaks within a 
desired time interval. 
Maybe used to make 
peak-to-peak detector. 



Com, 
Ind 



DIP 5-18 



DIP 5-94 



cn 
o 

H 
O 

z 

3 



O 



Logarithmic 
Amplifier 


4127G 
4127P 


K Log (I/Ir,p) ' 


A more versatile part 
that contains an inter- 
nal reference and a 
current inverter. 1% 
and 0.5% accuracy. 


Com 
Com 


DIP 
DIP 


5-102 
5-102 


o 
o 

-J 
< 
z 
< 




4341 


True rms-to-DC conversion based 
on a log-antilog occupational 
approach. 


Some external trim- 
ming required. Lower 
cost in plastic package. 
Pin compatible with 4340. 


Ind 


DIP 


5-115 




(t)dt 





NOTE: (1) Com = 0°C to +70°C, Ind = -25°C to +85°C. 
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DIVIDERS 

Using a special log/antilog committed divider design overcomes the major 
problem encountered when trying to use a multiplier in a divider circuit. 
Outstanding accuracy is maintained even at very low denominator voltages. 



DIVIDERS 


Model 


Transfer 
Function 


Input 
Range 


Accuracy 

D = 250mV 

max (%) 


Temp 
Coeff 

(%/°C) 


0.5% 
BW 
(kHz) 


Rated 
Output, min 


Temp 
Range(i) 


Pkg 


Page 


DIV100P 


lOxN/D 


250mV 
to10V 


0.25 


0.2 


15 


±10V.±5mA 


Ind 


DIP 


5-10 



NOTE: (1 ) Ind = -25°C to +85°C. 



FREQUENCY PRODUCTS 

This group of products consists of precision oscillators and active filters for 
both signal generation and attenuation. Both fixed frequency and user- 
selected frequency units are available. 



FREQUENCY PRODUCTS 



Function Model Description 



Comments 



Temp 
Range(^) 



Pkg Page 



Oscillator 4423 Very-low cost in plastic package 

Provides resistor programmable 
quadrature outputs (sine and 
cosine wave outputs simultan- 
eously available). 



Frequency range: 0.002Hz to 20kHz. 
Frequency stability: 0.01 %/°C. 
Quadrature phase error: ±0.1%. 



Com 



DIP 5-119 



Universal UAF41 These filters provide a complex Add only resistors to determine pole 
Active UAF21 pole pair. Based on state variable location (frequency and Q). Easily 

Filter approach, low-pass, high-pass, cascaded for complex filter responses. 

and bandpass outputs are 

available. 



Ind 
Ind 



DIP 
DIP 



5-82 
5-74 



NOTE: Com = 0°C to +70°C, Ind = -25°C to +85°C. 



Burr-Brown IC Data Book 



5-4 



Vol 33 



VOLTAGE REFERENCE 

These products are precision voltage references that provide a +10V output. 
The output can be adjusted with minimal effect on drift or stability. 



VOLTAGE REFERENCE 


Model Output (V) 


Min Output 
(mA) 


Max Drift 
(ppm/°C) 


Power Supply 
(V) (mA) 


Temp 
Range(i) 


Pkg 


Page 


REF10M ±10.00 ±0.005 
REF101M ±10.00 ±0.005 


10 
10 


1 

1 


+13.5/35 4.5 
+13.5/35 4.5 


Com 
Com 


TO-99 
TO-99 


5-49 
5-55 



NOTE: (1) Com = 0°C to +70°C. 



CURRENT REFERENCE 








Boldface = NEW 


Model 


Output 1 

(l^A) 


Compliance 


Max Drift 
(ppm/°C) 


Temp 
Comments Ranged' > 


Pkg Page 


REF200M, P 


Dual 
100±0.5 


2.5V to 40V 


25 


Includes 0.5% accurate Ind 
current mirror 


DIP, 5-63 
TO-99 



NOTE: (1) Ind = -25°C to +85°C. 
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BURR -BROWN ® 

MMMM 




AD632 



MILJTARY 

VERSION 

AVAILABLE 



Precision 
ANALOG l\/IULTIPLIER 



FEATURES 



• ±0.5% MAX FOUR-QUADRANT ERROR 

• ADJUSTABLE SCALE FACTOR: GAINS TO 10X 

• STABLE AND RELIABLE MONOLITHIC 
CONSTRUCTION 

• LOW COST 

• LOW NOISE 

DESCRIPTION 

The AD632 is a high accuracy, general purpose 
four-quadrant analog multiplier. Its accurate laser- 
trimmed transfer characteristics enable it to be used 
in a wide variety of applications with a minimum of 
external parts and trimming circuitry. Its differential 
X, Y, and Z inputs allow configuration as a multi- 
plier, squarer, divider, square-rooter, and other func- 
tions while maintaining high accuracy. 
Its features such as low temperature coefficients, 
excellent supply rejection and long-term stability of 



APPLICATIONS 

• PRECISION ANALOG-SIGNAL PROCESSING 

• VOLTAGE-CONTROLLED FILTERS AND OSCILLATORS 

• ALGEBRAIC AND TRIGONOMETRIC FUNCTION 
SYNTHESIS 

• RATIO AND PERCENTAGE COMPUTATION 



the on-chip thin-film resistors and reference circuitry 
maintain accuracy even under unfavorable condi- 
tions. The low noise of the AD632 enhances its use 
as a variable-gain differential-input amplifier with 
high common-mode rejection. 
The AD632 has improved specifications over other 
industry standard devices. An accurate internal vol- 
tage reference provides precise setting of the scale 
factor. The differential Z input allows user-selected 
scale factors from 0.1 to 10 using external feedback 
resistors. 



SF O- 



Voltage 
Reference 
and Bias 



-O +Vs 



-O -Vs 




Multiplier 
Core 



VouT = A [ 



Transfer Function 

(Xi - X2) (Yi - Yz) 
SF 



(Z1-Z2)] 




Precision 
Output 
Op Amp 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25'»C Rl > 2kO and Vs = ±15VDC unless otherwise specified. 



MODEL 
PARAMETER 


AD632A 


AD632B 


AD6328 


AD632T 




UNITS 


MIN 1 TYP 1 MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MULTIPLIER PERFORMANCE 
























Transfer Function 


(Xi - Xa) (Yi - Ya) + Za 
f 10V 1 




4i 






4> 






41 






Total Error"' (-10V < X, Y < +10V) 






±1.0 






±0.5 






* 






±0.5 


% 


Ta = min to max 






±1.5 






±1.0 






±2.0 






±1.0 


% 


Total Error vs. Temperature 






±0.02 






±0.01 






• 






±0.01 


%rc 


Scale Factor Error 




























(SF = 10.000V Nominal)'^' 




±0 25 






±01 






* 






±0.1 




% 


Temperature Coefficient of 




























Scaling Voltage 




±0 02 






* 






* 








±0 005 


%/°c 


Supply Rejection (±15V, ±1V) 




±0 01 






* 






* 






* 




% 


Nonlmeanty X (X = 20Vp-p, Y = 10V) 




±0 08 


±0 5 




* 


±0 25 




« 


* 




* 


±0 25 


% 


Y (Y = 20Vp-p, X = 10V) 




±0 01 






* 


±01 




* 






* 


±01 


% 


Feedthrough'=", X (Y Nulled, 




























X = 20Vp-p 50Hz) 




±015 


±0 3 




±0 05 


±0.15 




* 


* 




±0 05 


±015 


% 


Feedthrough*^", Y (X Nulled, 




























Y = 20Vp-p 50Hz) 




±0 01 


±0.1 




* 


* 




* 


* 




* 


* 


% 


Output Offset Voltage 




±5 


±30 




±2 


±15 




* 


* 




±2 


±15 


mV 


Output Offset Voltage Drift 




200 


400 




* 


* 






500 






300 


//V/°C 


DYNAMICS 




























Small Signal BW, (Vout = IVrms) 




1 






* 






* 






* 




MHz 


1% Amplitude Error (Cload = lOOOpF) 




50 






* 






* 






* 




kHz 


Slew Rate (Vout 20Vp-p) 




20 






* 






* 






* 




y/fds 


Settling Time (to 1%, AVout = 20V) 




2 






* 






* 






* 




U8 


NOISE 




























Noise Spectral Density SF = 10V 




0.8 






* 






* 






4> 




//V/v/Hz 


SF = 3V"" 




0.4 






* 






* 






* 




/iV/v/Hz 


Wideband Noise. A = 10Hz to 5MHz 




1.0 






* 






* 






* 




/iVrms 


P = 10Hz to 10kHz 




90 






* 






* 






* 




/uVrms 


OUTPUT 




























Output Voltage Swing 


±11 






* 






♦ 






* 






V 


Output Impedance (f < 1kHz) 




0.1 






* 






* 






* 







Output Short Circuit Current 




























(Rl = 0, Ta = min to max) 




30 






* 






* 






* 




mA 


Amplifier Open Loop Gam (f = 50Hz) 




70 






* 






* 






* 




dB 


INPUT AMPLIFIERS (X, Y and Z) 




























Input Voltage Range 




























Differential V,n (Vcm = 0) 




±10 






* 






* 






* 




V 


Common-Mode V,n (Vdiff = 0) 




±12 






* 






* 






• 




V 


Offset Voltage X. Y 




±5 


±20 




±2 


±10 




* 


* 




±2 


±10 


mV 


Offset Voltage Drift X, Y 




100 






50 






* 






150 




fA/rc 


Offset Voltage Z 




±5 


±30 




±2 


±15 




* 


* 




±2 


±15 


mV 


Offset Voltage Drift Z 




200 


400 




100 


200 






500 






300 


/uV/°C 


CMRR 


60 


80 




70 


90 




* 


* 




70 


90 




dB 


Bias Current 




08 


2 




* 


* 




* 


* 




* 


* 


M 


Offset Current 




0.1 






* 






* 






* 




fiA 


Differential Resistance 




10 






* 






* 






* 




MO 


DIVIDER PERFORMANCE 
























Transfer Function (Xi > Xz) 


10V(Z2-Zi) 
(X1-X2) ^^' 




* 






* 






* 






Total Error'" 




























X = 10V, -10V < Z < +10V 




±0 75 






±0 35 






* 






±0.35 




% 


X = IV, -IV < Z < +1V 




±2 






±10 






* 






±10 




% 


0.10V < X < 10V, -10V < Z < 10V 




±2 






±10 






* 






±1.0 




% 


SQUARER PERFORMANCE 
























Transfer Function 


(Xi - Xa)^ 
(10V) +^' 




* 






* 






* 






Total Error (-10V < X < 10V) 


±0 6 




±0 3 






* 






±0 3 




% 


SQUARE-ROOTER PERFORMANCE 

Transfer Function, {Z^ < Z2) 




+ Xa 




* 






* 






^ 






V10V (Za - Zi) 


Total Error (IV < Z < 10V) 




±10 






±0 5 






* 






±0.5 




% 


POWER SUPPLY SPECIFICATIONS 




























Supply Voltage Rated Performance 




±15 






* 






* 






* 




V 


Operating 


±8 




±20 


« 




* 


* 




±22 


* 




±22 


V 


Supply Current, Quiescent 




4 


6 




* 


* 




* 


* 




* 


* 


mA 



* Specification same as AD632A. 

NOTES: (1) Numbers given are percent of full-scale, ±10V (i.e., 0.01% = ImV). (2) May be reduced down to 3V using external resistor between 

SF (3) Irreducible component due to nonlinearity excludes effect of offsets (4) Using external resistor adjusted to give SF = 3V 



-Vs and 
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MECHANICAL 



TO-100 Package 


M- 


-A- 


-M 


r 


-B- 


■*| 


i 




1 


y 




-J ! 

K 


/ 

Seating 




( 




•— D 




NOTE Leads in true position 
within 010" (0.25mm) R at 
MMC at seating plane 
Pin numbers shown for reference 
only Numbers may not be 
marked on package 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


C 


165 


185 


419 


4 70 


D 


016 


021 


41 


53 


E 


010 


040 


25 


102 


F 


010 


040 


25 


102 


G 


230 BASIC 


5 84 BASIC 


H 


028 


034 


71 


86 


J 


029 


045 


74 


1 14 


K 


500 


— 


12 70 


— 


L 


120 


160 


3 05 


4 06 


M 


36° BASIC 


36° BASIC 


N 


110 1 120 


279 1 305 



Ceramic Dualrln-Line 
n i-» i-» i-i ri qi - 



u 






fJU 



NOTE Leads in true position 
within 010" (0 25mm) R at 
MMC at seating plane 

Pin numbers shown for reference 
only Numbers may not be 
marked on package 



A 



I -JU-D I I L Seating* 



-JL-H -JgU- 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


670 


710 


17 02 


18 03 


C 


065 


170 


165 


4 32 


D 


015 


021 


38 


53 


F 


045 


060 


1 14 


152 


G 


100 BASIC 


2 54 BASIC 1 


H 


025 


070 


64 


178 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


610 


L 


300 BASIC 


7 62 BASIC i 


M 


_ 


10° 


— 


10° 


N 


009 


060 


23 


152 



ORDERING INFORMATION 



Basic Model Number 

Performance Grade 

A, B 0°C to +70°C 
S.T -55°C to +125°C 

Package Designator 

H TO-100 metal can 
D 14-pin ceramic DIP 



AP632 n M 



PIN CONFIGURATION (TOP VIEW) 



+Vs 






+Vs Yi 
i—i r-i 


Y2 Vos Zz 
r-i r-i i—i 


Xz NC 
r-i 1— 1 


(GND 


.... 

1 2 


12 11 10 

AD632 
3 4 5 


9 8 
6 7 


LJ LJ 

Zi Out 


LJ LJ LJ 

-Vs NC NC 


LJ LJ 

NC Xi 



TO-100 



DIP 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


AD632A, B 


AD632S, T 


Power Supply Voltage 


±18 


±22 


Power Dissipation 


500mW 


* 


Output Short-Circuit to Ground 


Indefinite 


* 


Input Voltage (all X, Y, and Z) 


±Vs 


* 


Operating Temperature Range 


0°C to +70°C 


-55»C to +125»C 


Storage Temperature Range 


-eSX to +150°C 


* 


Lead Temperature (10s soldenng) 


30000 


* 



♦Specification same as AD632A 



TYPICAL PERFORMANCE CURVES 

Ta = +25° C, Vs = ±15VDC unless otherwise noted. 



FREQUENCY RESPONSE 
AS A MULTIPLIER 



FREQUENCY RESPONSE VS 
DIVIDER DENOMINATOR INPUT VOLTAGE 




100k 1M 

Frequency (Hz) 



50 
40 










^ 


^ Vx = 100rr 


VDC 




|30 

3 in 














Vx=1VDC 
^ Vz = 100mVrms 


a 10 

1 






\ . 










\ Vx = 10VC 


k 


-20 






\N \ 1 



100k 
Frequency (Hz) 
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AC FEEDTHROUQH 
VS FREQUENCY 




10k 
Frequency (Hz) 

THEORY OF OPERATION 

BASrC MULTIPLIER CONNECTION 

Figure 1 shows the basic connection as a multipUer. 
Accuracy is fully specified without any additional user- 
trimming circuitry. Some applications can benefit from 
trimming one or more of the inputs. The fully-differential 
inputs facilitate referencing the input quantities to the 
source-voltage-common terminal for maximum accuracy. 
They also allow use of simple offset voltage-trimming 
circuitry as shown on the X input. 
The differential Z input allows an offset to be summed in 
VouT. In basic multiplier operation the Z2 input serves as 
the output-voltage reference and should be connected to 
the ground reference of the driven system for maximum 
accuracy. 



X Input 
±10V FS 
±12V pk 



50kQ^*VsA*^ 

-15VJ iikO 

Optronal Offset T • 

Trim Circuit "i" 

Y Input •— t- 
±10V FS ^- 
±12V pk " 



VouT, ±12V pk 




Z^. 



Optional Summing 
Input, Z, ±10V pk 



FIGURE 1. Basic Multiplier Connection. 

Figure 2 shows a method of changing the effective SF of 
the overall circuit using an attenuator in the feedback 
connection to Zi. This method puts the output amplifier 
in a higher gain and is thus accompanied by a reduction 
in bandwidth and an increase in output offset voltage. 
The larger output offset may be reduced by applying a 



X Input • 
±10V FS 
±12V pk 



Y Input * 
±10V FS 
±12Vpk 




VouT, ±12V pk 

= (Xi - X2) (Yi - Ya) 

(Scale = 1V) 



Optional 
lOkOj i Peaking 
I Capacitor 
"^ Cf = 200pF 



FIGURE 2. Connections for Scale-Factor of Unity, 
trimming voltage to the high impedance input, Z2. 

DIVIDER OPERATION 

The AD632 can be configured as a divider as shown in 
Figure 3. High-impedance differential inputs for the 
numerator and denominator are achieved at the Z and X 
inputs respectively. Feedback is applied to the Y2 input, 
and Yi is normally referenced to output ground. Alter- 
natively, as the transfer function implies, an input applied 
to Yi can be summed directly to Vout. Since the feedback 
connection is made to a multiplying input, the effective 
gain of the output op amp varies as a function of the 
denominator input voltage. Therefore the bandwidth of 
the divider function is proportional to the denominator 
voltage (see Typical Performance Curves). 

Accuracy of the divider mode typically ranges from 
0.75% to 2.0% for a 10 to 1 denominator range depending 
on device grade. Accuracy is primarily limited by input- 
offset voltages and can be significantly improved by 
trimming the offset of the X input. A trim voltage of 
±3.5mV applied to the "low side" X input (X2 for 
positive input voltages on Xi) can produce similar accur- 
acies over a 1000 to 1 denominator range. To trim, apply a 
signal which varies from lOOmV to lOV at a low frequency 
(less than 500Hz) to both inputs. An offset sine wave or 
ramp is suitable. Since the ratio of the quantities should 
be constant, the ideal output would be a constant lOV. 
Using AC coupling on an oscilloscope, adjust the offset 
control for minimum output voltage variation. 



X Input I 
(Denominator) 
+10V FS 
+12V pk i 



Optional 

Summing Input 

±10V pk 



I 



Xi 



+Vs 



X2 Out 

AD632 
SF Zi 



C 



Output, ±12V pk 
-15 V 

X1-X2 



— • Z Input 
(Numerator) 
±10V FS, ±12V pk 



FIGURE 3. Basic Divider Connection. 



Burr-Brown IC Data Book 



5-9 



Vol, 33 



BURR-BRO^VN® 



DIV100 




ANALOG DIVIDER 



FEATURES 

• HIGH ACCURACY 

0.25% maximum error, 40:1 denominator range 

• TWO-QUADRANT OPERATION 
Dedicated iog-antilog technique 

• EASY TO USE 

Laser-trimmed to specified accuracy - no 
external resistors needed 

• LOW COST 

• OIP PACKAGE 

DESCRIPTION 

The DIVlOO is a precision two-quadrant analog 
divider offering superior performance over a wide 
range of denominator input. Its accuracy is nearly 
two orders of magnitude better than multipliers used 
for division. It consists of four operational amplifiers 
and logging transistors integrated into a single 
monolithic circuit and a laser-trimmed, thin-film 
resistor network. The electrical characteristics of 
these devices offer the user guaranteed accuracy 
without the need for external adjustment - the 
DIVlOO is a complete, single package analog divider. 



APPLICATIONS 

• DIVISION 

• SQUARE ROOT 

• RATIOMETRIC MEASUREMENT 

• PERCENTAGE COMPUTATION 

• TRANSDUCER AND BRIDGE LINEARIZATION 

• AUTOMATIC LEVEL - AND GAIN - CONTROL 

• VOLTAGE CONTROLLED AMPLIFIERS 

• ANALOG SIMULATION 

For those applications requiring higher accuracy 
than the DI V 100 specifies the capability for optional 
adjustment is provided. These adjustments allow the 
user to set scale factor, feedthrough, and output- 
referred offsets for the lowest total divider error. 
The DIVlOO also gives the user a precision, temper- 
ature-compensated reference voltage for external 
use. 

Designers of industrial process control systems, 
analytical instruments, or biomedical instrumenta- 
tion will find the DI V 100 easy to use and also a low 
cost, but highly accurate solution to their analog 
divider applications. 




A^I 



¥1 



-^A^ — r~ 



^ 



■Vcc ©— 
N Input (J3) 




^ 



-© 



«3 



TTi 



-^•.. 
-^ 



t^ 



-(D Output 
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SPECIFICATIONS 



ELECTRICAL 

Specifications at Ta = +25«C and ±Vcc = 15VDC unless otherwise noted. 



MODEL 


DIV100HP 


DIV100JP 


DIV100KP 


UNITS 


PARAMETER 


CONDITIONS 


MIN 1 TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


TRANSFER FUNCTION 




Vo = 10N/D 










* 






ACCURACY 


RL^IOkn 




1 


Total Error 
























Initial 


025V^D^10V, N^l D| 




0.7 


1.0 




0.3 


0.5 




0.2 


0.25 


% FSOd) 


vs. Temperature 


IV^D^IOV.N^I D| 
0.25V^D<1V, N^l D| 




0.02 
0.06 


0.05(2) 
2(2)) 




: 






: 


* 


% FSO/oQ 
% FSO/oC 


vs. Supply 


025V^D^10V,N^|D| 




0.15 






* 






* 




% FSO/% 


Warnn-up time to rated performance 






5 






* 






* 




Minutes 


AC PERFORMANCE 


D = +10V 




1 


Small-Signal Bandwidth 


-3dB 




350 
















kHz 


5% Amplitude Error 


Small-Signal 




15 
















kHz 


0.570 Vector Error 


Small-Signal 




1000 
















Hz 


Full-Power Bandwidth 


Vo = ±10V, lo = ±5mA 




30 
















kHz 


Slew Rate 


Vd=*±10V. lo = ±5mA 




2 
















V/Msec 


Settling Time 


£ = 1%,AVo = 20V 




15 
















/usee 


Overload Recovery 


50% Output Overload 




4 
















/Ksec 


INPUT CHARACTERISTICS 1 


Input Voltage Range 
























Numerator 


N^l D| 


±10 












* 






V 


Denominator 


D^+250mV 


+10 






* 












V 


Input Resistance 


Either Input 




25 






* 






• 




kn 


OUTPUT CHARACTERISTICS 1 


Full-Scale Output (FSO) 




±10 












* 






V 


Rated Output 
























Voltage 


lo = ±5mA 


±10 












* 






V 


Current 


Vo = ±10V 


±5 






* 






* 






mA 


Current Limit 
























Positive 






15 


20(2) 










* 




mA 


Negative 






19 


23(2) 




* 










mA 


OUTPUT NOISE VOLTAGE 


N = 0V 




1 


fB = 10Hz to 10kHz 
























D = +10V 






370 






* 










mV, rms 


D = +250mV 






1 












• 




mV, rms 


REFERENCE VOLTAGE CHARACTI 


ERISTICS RL^IOMft 




1 


Output Voltage 
























Initial 


At +250C 


6.3(2) 


6.6 


6 9(2) 










• 


* 


V 


vs. Supply 






±25 






* 










mV/V 


Temperature Coefficient 






±50 












• 




ppm/°C 


Output Resistance 






3 






* 






* 




kn 


POWER SUPPLY REQUIREMENTS 1 


Rated Voltage 






±15 












* 




VDC 


Operating Range 


Derated Performance 


±12 




±20 


* 




* 


* 




* 


VDC 


Quiescent Current 
























Positive Supply 






5 


7(2) 




* 


* 








mA 


Negative Supply 






8 


10(2) 






* 




* 




mA 


AMBIENT TEMPERATURE RANGE 1 


Specification 









+70 


* 










°C 


Operating Range 


Derated Performance 


-25 




+85 










• 


°C 


Storage 




-40 




+85 


* 










«€ 



I 

> 

Q 



0) 

Z 

o 

p 
o 

-z 

3 



3 
U 
DC 

O 

O 

O 

-1 
< 



*Same as DIV100HP. 

NOTES: (1) FSO is the abbreviation for Full Scale Output. (2) This parameter is untested and is not guaranteed. This specification is established to a 90% 
confidence level. (3) See General Information section for discussion. (4) For supply voltages less ttian ±20VDC, the absolute maximum input voltage is equal to 
the supply voltage. (5) Short-circuit may be to ground only. Rating applies to an ambient temperature of +38X at rated supply voltage. 

ABSOLUTE MAXIMUM RATINGS 



Supply ±20VDC 

Internal Power Dissipation"' 600mW 

Input Voltage Range'* ±20VDC 

Storage Temperature Range -55°C to +125*C 

Operating Temperature Range -25'C to +85°C 

Lead Temperature (soldering, 10 seconds) +300'*C 

Output Short-circuit Duration""" Continuous 

Junction Temperature +175**C 
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TYPICAL PERFORMANCE CURVES 

iTa = +25°C, Vcc = ±15VDC unless otherwise noted 



TOTAL ERROR VS 
DENOMINATOR VOLTAGE 



- TOTAL ERROR VS AMBIENT TEMPERATURE 



TOTAL ERROR VS OUTPUT CURRENT 
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-10V S, N* +10V 
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TT 
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3 10 




Jf' 
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^ XL 


















II 
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-10V Output 

1 1 



01 



10 



10 



Denominator Voltage 'V 
SMALL-SIGNAL FREQUENCY RESPONSE 



+10 +25 +40 +55 +70 
Ambient Temperature '°C 

AMPLITUDE ERROR VS 
NUMERATOR FREQUENCY 



Output Current. mA 



m -5 













i 


N = 


2V. p-D J 
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^ 




tj 
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Mill 1 Ml 








N = ±1V 


pk 
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NONLINEARITY VS 
DENOMINATOR VOLTAGE 












III 




08 












D sin cot 
27r 10Hz 
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VouT = lOsinu. 
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DENOMINATOR FEEDTHROUGH VS 
DENOMINATOR FREQUENCY 



Numerator Frequency Hz 
LARGE SIGNAL STEP RESPONSE 



Denominator Voltage V 
LARGE SIGNAL STEP RESPONSE 



f 








1!!! 1 !1! 1 


rpT " 






N 


= 00 Volts 

Ml 


* 
1 -20 
° -40 




r 




1 
fil 


> 


—L. 


4J 

« 


-J 
**• 


^ 
^ 


5 



I 1 1 1 


f \ CL = 20pF 
1 RL = 2kn 


\r\ 


__^_T_J_ 


- t-i 


Y -1- 



+10 






1 1 






/ 




D = +250mV 
Cl = 20pF 


- 
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f 




Rl = 2 


kn 


o 
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k 10k 100k 

Frequency ■ Hz 



TRANSIENT RESPONSE 



20 40 
Time Tjsec 



OUTPUT NOISE VS DENOMINATOR VOLTAGE 



50 100 150 200 

Time (>i sec I 

POWER SUPPLY REJECTION VS 

DENOMINATOR VOLTAGE 
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CL = 20pF 
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PIN CONFIGURATION 



Denominator Voltage V 

MECHANICAL 






FREQUENCY RESPONSE VS 
DENOMINATOR VOLTAGE 






, 




1.. 


L^-.^iM 






__ 




__L.. 


5? 


^'r^ 
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rn 
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V-' '-?-^^^!IN 
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1 0'^ -t-^ 






— ;:v^° 
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Denominator Voltage V 



NONLINEARITY VS 
NUMERATOR FREQUENCY 



10 
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1 II mill 1 "" 
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Numerator Frequency Hz 
TRANSIENT RESPONSE 
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.111 
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D = +10V 
CL = 20pF 
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10 20 30 40 

Timei/iisec 
QUIESCENT CURRENT VS 







AMBIENT TEMPERATURE 
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Denominator Voltage V 



5 15 25 35 45 55 

Ambient Temperature °C 



1 Gam Error Adjust 

2 Output 

3 -Vcc 

4 D Input Offset Adjust 

5 Internally Connected to Pm 1 

6 Internally Connected to Pm 14 

7 Internally Connected to Pm 8 

8 Reference Voltage 

9 Denominator (Di Input 

10 Common 

11 N Input Offset Adjust 

12 Output Offset Adjust 

13 Numerator (N I Input 

14 +Vcc 



014 


1 o 


013 


20 


012 


30 


Oil 


40 


O10 


SO 


O 9 


60 


O 8 


70 



ORDER NUMBER 



DIV100HP 
DIV100JP 
DIV100KP 



CASE Epoxy 
WEIGHT 2 7 Grams 
CONNECTOR 0145MC 



^ 



NOTE 

Leads in true position within 
010" (0 25mm' RatMMCat 
seating plane 



Denotes Pin 1 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


790 


810 


20 07 


20 57 


B 


490 


510 


12 45 


12 95 


c 


190 


260 


4 83 


6 60 


D 


018 


021 


46 


53 


G 


100 BASIC 


2 54 BASIC 1 


H 


080 




2 03 


292 


K 


130 


300 


3 30 


762 


L 


300 BASIC 


7 62 BASIC 


R 


080 1 115 


2 03 1 2 92 




nuX-j.u 



r" 



c 



Pm numbers shown for 



'-if— reference only Numbers are 
not marked on package 
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DEFINITIONS 



TRANSFER FUNCTION 

I he ideal transter function tor the DIVIOO is: 
V„, = 10 \ [) 

where: \ - Numerator input voltage 

I) = Denominator input voltage 

10 = Internal scale factor 
Figure 1 shows the operating region over the specified 
numerator and denominator ranges. Note that below the 
minmnum denominator voltage (250mV) operation is 
undefined 




FIGURE 1. Operating Region. 

ACCURACY 

Accuracy is specified as a percentage of full-scale output 
(FSO). it IS derived from the total error specification. 

TOTAL ERROR 

1 otal error is the deviation of the actual output from the 
ideal quotient ION D expressed in percent of FSO( I OV); 
e.g. for the DIVIOOK: 

V„u. KKiuai) = Voui (KkMii ± total error, 
where. Total error = 0.259^ FSO = 25m V. 
It represents the sum of all error terms normally associated 
with a divider: numerator nonlinearity, denomimator 
nonlinearity, scale-factor error, output-referred numer- 
ator and denominator offsets, and the offset due to the 



output amplifier. Individual errors are not specified 
because it is their sum that affects the user's application. 

SMALL-SIGNAL BANDWIDTH 

Small-signal bandwidth is the frequency the output drops 
to lO^/i (-3dB) of Its DC value. The input signal must be 
low enough in amplitude to keep the divider's output 
from becoming slew-rate limited. A rule-ot-thumb is to 
make the output voltage lOOmV. p-p. when testing this 
parameter. Small-signal bandwidth is directly propor- 
tional to denominator magnitude as described in the 
lypical l\Mlormance Curves. 

0.5% AMPLITUDE ERROR 

At high frequencies the input-to-output relationship is a 
complex function that produces both a magnitude and 
vector error. The O.S*^ f amplitude error is the frequency at 
which the magnitude of the output drops 0.5^ f from its 
DC value. 

0.57° VECTOR ERROR 

rhe 0.57' vector error is the frequency at which a phase 
error of 0.01 radians occurs. This is the most sensitive 
measure ot dynamic error of a divider. 

LINEARITY 

Defining linearity for a nonlinear device may seem 
unnecessary: however, by keeping one input constant the 
output becomes a linear function of the remaining input. 
The denominator is the input that is held fixed with a 
divider. Nonlinearities in a divider add harmonic dis- 
tortion to the output in the amount of: 
Percent Distortion « Percent Nonlinearity 

FEEDTHROUGH 

Feedthrough is the signal at the output for any value of 
denominator within its rated range, when the numerator 
input IS zero. Ideally the output should be zero under this 
condition. 



GENERAL INFORMATION 



WIRING PRECAUTIONS 

In order to prevent frequency instability due to lead 
inductance of the power supply lines, each power supply 
should be bypassed. This should be done by connecting a 
10/uF tantalum capacitor in parallel with a lOOOpF 
ceramic capacitor from the +Vcc and -V(( pins to the 
power supply common The connection of these capaci- 
tors should be as close to the DIVIOO as practical. 

CAPACITIVE LOADS 

Stable operation is maintained with capacitive loads of 
up to lOOOpF, typically. Higher capacitive loads can be 
driven if a 22(1 carbon resistor is connected in series with 
the DiVlOO's output. 



OVERLOAD PROTECTION 

The DIVIOO can be protected against accidental power 
supplv tcvcisal b\ pultinga diodc( I N4001 . tv pe) in series 
with each power supply line as shown in Figure 2. This 
precaution is necessary only in power systems that 
momentarily reverse polarity during turn-on or turn-off. 

If this protection circuit is used, the accuracy of the 
DI V 100 will be degraded by the power supply sensitivity 
specification. No other overload protection circuit is 
necessary. Inputs are internally protected against over- 
voltages and they are current-limited by at least a lOkfl 
.series resistor. The output is protected against short 
circuits to power supply common only. 
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FIGURE 2. Overload Protection Circuit. 

STATIC SENSITIVITY 

No special handling is required. The DI V lOOdoes not use 
MOS-type transistors. Furthermore, all external leads 
are protected by resistors against low energy electrostatic 
discharge (ESD). 

INTERNAL POWER DISSIPATION 



Tj* 



A/s^~ 



© 



02 = 2O«i:/Wj 



e^=275«H:/W 



dgrSQoC/W 



6 



OX 



FIGURE 3. DIVlOO Thermal Model. 
Figure 3 is the thermal model for the DIVlOO where: 
Pdq = Quiescent Power Dissipation 

~ I +VcC I I+QUIESCENT + | "VcC | I-QUIESCENT 

Pdx = Worst case power dissipation in the output 
transistor 
= Vcc^/4RLOAn (for normal operation) 
= Vcc I( output limit) (for short-circuit) 



Tj = Junction Temperature (output loaded) 
Tj* = Junction Temperature (no load) 
Tc = Case Temperature 
Ta = Ambient Temperature 
d = Thermal Resistance 

This model is obviously not the simple one power source 
model that most linear device manufacturers give. It is, 
however, a more accurate model for a multidevice 
monolithic or hybrid integrated circuit. 

The model in Figure 3 must be used in conjunction with 
the DIVlOO's absolute maximum ratings of internal 
power dissipation and junction temperature to determine 
the derated power dissipation capability of the package. 
As an example of how to use this model, consider this 
problem: 

Determine the highest ambient temperature at which 

the DIVlOO may be operated with a continuous short 

circuit to ground. Vcc = ±15VDC. 

Poimx) = 600m W. Tj(max) = +175X. 

Ta = Tj(max) - Pdq (dl + ^3) - PDX(short=circuit) (^1+02+^3) 

= 175''C-I8°C-119°C = 38''C 

PD(actual) ~ PdQ "^' PDX(short=circuit) ^ Podnax) 

= 255mW + 345mW = 600mW 

The conclusion is that the device will withstand a short- 
circuit up to Ta = +38°C without exceeding either the 
ITS^C or 600m W absolute maximum limits. 

LIMITING OUTPUT VOLTAGE SWING 

The negative output voltage swing should be limited to 
±11V, maximum, to prevent polarity inversion and 
possible system instability. This should be done by 
limiting the input voltage range. 



THEORY OF OPERATION 



The DIVlOO is a log-antilog divider consisting of four 
operational amplifiers and four logging transistors inte- 
grated into a single monolithic circuit. Its basic principal 
of operation can be seen by an analysis of the circuit in 
Figure 4. 




FIGURE 4. One-Quadrant Log-Antilog Divider. 
The logarithmic equation for a biopolar transistor is: 

VBE=VTln(Ic7Is), (1) 



where: Vt = kT/ q 

k = Boltzmann's constant = 1.381 x 10"^^ 
T = Absolute temperature in degrees Kelvin 
q = Electron charge = 1.602 x 10"^^ 
Ic = Collector current 
Is = Reverse saturation current 
Applying equation (1) to the four logging transistors 
gives: 
ForQi: 

Vbe = Vb - Ve = V'i(ln( Vref/ Rx - In h] 
This leads to: 

V, = -VT(ln(VREF/Rx-lnIs] 
For Qi. 

V, -V2 = VT[ln(VN/RN)-lnIs] 
For Q3: 

V3 = -VT[ln(VD/RD)-lnls] 
We have now taken the logarithms of the input voltage 
Vref, Vn, and Vd. Applying equation (1) to Q4 gives: 

V3-V2 = VT[ln(Vo/Ro)-lnIJ. 
Assume Vt and h are the same for all four transistors (a 
reasonable assumption with a monolithic IC). Solving 
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FIGURE 5. DIV 100 Two-Quadrant Log-Antilog Circuit. 

this last equation in terms of the previously defined 
variables and taking the antilogarithm of the result 
yields: 



Vo = 



Vref Vn Ro Ri) 



(2) 



V,) Rx Rn 

In the DIV 100 Vr, , =6.6V, Ro- Rn - Ri),and Rx is such 
that the transfer function is: 

Vo= ION D (3) 

where: N = Numerator Voltage 

D = Denominator Voltage 
Figure 5 is a more detailed circuit diagram for the 
DIV 100. In addition to the circuitry included in Figure 3, 
it also shows the resistors (R3, R4, Rs, R9, and Rio) used 
for level-shifting. This converts the DIV 100 to a two- 
quadrant divider. 

The implementation of the transfer function is equation 
(3) is done using devices with real limitations. For 
example, the value of the D input must always be 
positive. If it isn't, Q3 will no longer conduct, A3 will 
become open loop, and its output and the DIV 100 output 
will saturate. This limitation is further restricted in that if 
the D input is less than +250mV the errors will become 
substantial. It will still function, but its accuracy will be 
less. 

Still another limitation is the value of the N input must 
always be equal to or less than the absolute value of the D 
input. From equation (3) it can be seen that if this 



limitation is not met V,, will try to be greater than the lOV 
output voltage limit of A4. 

A limitation that may not be obvious is the effect of 
source resistance. If the numerator or denominator 
inputs are driven from a source with more than 10(1 of 
output resistance, the resultant voltage divider will cause 
a significant output error. This voltage divider is formed 
by the source resistance and the DI V 1 00 input resistance. 
With RsoiRcr = lOH and Rinpii (divioo) = 25kn an error 
of 0.04% results. This means that the best performance of 
the DIVIOO IS obtained by driving its inputs from 
operational amplifiers. 

Note that the reference voltage is brought out to pins 7 
and 8. This gives the user a precision, temperature- 
compensated reference for external use. Its open-circuit 
voltage is +6.6VDC, ±0.075V, typically. Its Thcvenin 
equivalent resistance is 3kfl. Since the output resistance 
is a relatively high value, an operational amplifier is 
necessary to buffer this source as shown in Figure 6. The 
external amplifier is necessary because current drawn 
through the 3kn resistor will effect the DIVIOO scale 
factor. 




FIGURE 6. Buffered Precision Voltage Reference. 



OPTIONAL ADJUSTMENTS 



Figure 7 shows the connections to make to adjust the 
DIV 100 for significantly better accuracy over its 40-to-l 
denominator range. 

The adjustment procedure is: 

1. Begin with Ri, R2, and R3 set to their mid-position. 

2. With |N| = D = 10.000 V, ±lmV, adjust Ri for 
Vo = -I-IO.OOOV, ±lmV. This sets the scale factor. 

3. Set D to the minimum expected denominator voltage. 
With N = -D, adjust R2 for Vo = -lO.OOOV. This 
adjusts the output referred denominator offset errors. 

4. With D still at its minimum expected value, make 
N = D. Adjust R3 for Vo = lO.OOOV. This adjusts the 
output referred offset errors. 

5. Repeat steps 2-4 until the best accuracy is obtained. 
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FIGURE 7. Connection Diagram for Optional 
Adjustments. 
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TYPICAL APPLICATIONS 



CONNECTION DIAGRAM 

Figure 8 is applicable to each application discussed in this 
section, except the square root mode. 




FIGURE 8. Connection Diagram - Divide Mode. 
RATIOMETRIC MEASUREMENT 

The DIVIOO is useful for ratiometric measurements such 
as efficiency, elasticity, stress, strain, percent distortion, 
impedance magnitude, and fractional loss or gain. These 
ratios may be made for instantaneous, average, RMS, or 
peak values. 

The advantage of using the DIVIOO can be illustrated 
from the example shown in Figure 9. 
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FIGURE 9. Weighing System - Fractional Loss. 

The LVDT (Linear Variable Differential Transformer) 
weigh cell measures the force exerted on it by the weight 
of the material in the container. Its output is a voltage 
proportional to: pg 

~ 'a" 



W = 



where: W = Weight of material 
F = Force 

g = Acceleration due to gravity 
a = Acceleration (acting on body of weight W) 

In a fractional loss weighing system the initial value of the 
material can be determined by the volume of the container 
and the density of the material. If this value is then held 
on the D-input to the DI V 100 for some time interval, the 
DIVIOO output will be a measure of the instantaneous 
fractional loss: 

Loss (L) = WiNSIANIANKOl's/ WiNIIIAI, 

Note that by using the DIVIOO in this application the 
common physical parameters of g and a have been 
eliminated from the measurement, thus eliminating the 
need for precise system calibration. 

The output from a ratiometric measuring system may 
also be used as a feedback signal in an adaptive process 
control system. A common application in the chemical 
industry is in the ratio control of a gas and liquid flow as 
illustrated in Figure 10. 
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FIGURE 10. Ratio Control of Water to Hydrochloric 
Gas 

PERCENTAGE COMPUTATION 

A variation of the direct ratiometric measurements 
previously discussed is the need for percentage compu- 
tation. In Figure 11 the DIVIOO output varies as the 
percent deviation of the measured variable to the standard. 

















Measured 
Variable 


''a 1^=10 


N 
DIVIOO 




Vo=(VaVb) 
_^ - -xlOO 

(1%pervolt) 


J:>- 








Instrumentation 
Amplifier 




Standard 


Vb 


^ 















FIGURE 1 1 . Percentage Computation. 
TIME AVERAGING 

The circuit in Figure 12 overcomes the fixed averaging 
interval and crude approximation of more conventional 
time averaging schemes. 
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FIGURE 12. Time Averaging Computation Circuit. 

BRIDGE LINEARIZATION 

The bridge circuit in Figure 13 is fundamental to 
pressure, force, strain and electrical measurements. It can 
have one or more active arms whose resistance is a 
function of the physical quantity, property, or condition 
that is being measured; e.g., force of compression. For 
the sake of explanation the bridge in Figure 13 has only 
one active arm. 
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FIGURE 13. Bridge Circuit. 

The differential output voltage Vmv is: 

Vba-V„-V. -2(2 + 8) 
a nonlinear function of the resistance change in the 
active arm. This nonlinearity limits the useful span of the 
bridge to perhaps ±10% variation in the measured 
parameter. 

Bridge linearization is accomplished using the circuit in 
Figure 14. The instrumentation amplifier converts the 
differential output to a single-ended voltage needed 
to drive the divider. The voltage-divider string makes the 
numerator and denominator voltages: 
^ ^ -Vix5 R,N 



D = 



(2R, + 3R,„)(2 + 6) 
2 Vlx R.d 



,and, 



, respectively. 



(2R, + 3R„))(2 + 6) 

where: R,n = DIVlOO numerator input resistance 

R,D = DIVlOO denominator input resistance 
Applying these voltages to the DIVlOO transfer function 
gives: 

(2R, +3R„))(R,n6) 10 



(2R, -f 3R,n)(2R„)) 



v., = ION D 

which reduces to: 
Vo = -56 
if the divider's input resistances are equal. 

The nonlinearity of the bridge has been eliminated and 
the circuit output is independent of variations in the 
excitation voltage. 




FIGURE 14. Bridge Linearization Circuit. 

AUTOMATIC GAIN CONTROL 

A simple AGC circuit using the DIVlOO is shown in 
Figure 15. The numerator voltage may vary both positive 
and negative. The divider's output is half-wave rectified 
and filtered by Di, R3, and C2. It is then compared to the 
DC reference voltage. If a difference exists the integrator 



sends a control signal to the denominator input to 
maintain a constant output, thus compensating for input 
voltage changes. 
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FIGURE 15. Automatic Gain Control Circuit. 

VOLTAGE-CONTROLLED FILTER 

Figure 16 shows how to use the DIVlOO in the feedback 
loop of an integrator to form a voltage-controlled filter. 
The transfer function is: 

Vout(S) _ K 

V,n(S) rS + 1 
where: K = -R2/Ri 

IOR2C 



> 

Q 



This circuit may be used as a single-pole low-pass active 
filter whose cutoff frequency is linearily proportional to 
the circuit's control voltage. 
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FIGURE 16. Voltage - Controlled Filter. 
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FIGURE 17. Connection Diagram for Square Root Mode. 
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BURR-BRO>VN» 




LOG100 



Precision 
LOGARITHIVIIC AND LOG RATIO AIVIPLIFIER 



FEATURES 

• HIGH ACCURACY 

0.37% FSO max Total Error 
over 5 decades 

• GOOD LINEARITY 

0.1% max Log Conformity 
over 5 decades 

• EASY TO USE 

Pin-selectable Gains 

Internal Laser-trimmed Resistors 

• WIDE INPUT DYNAMIC RANGE 

6 Decades, InA to 1mA 



APPLICATIONS 

• LOG, LOG RATIO AND ANTILOG 
COMPUTATIONS 

• ABSORBANCE MEASUREMENTS 

• DATA COMPRESSION 

• OPTICAL DENSITY MEASUREMENTS 

• DATA LINEARIZATION 

• CURRENT AND VOLTAGE INPUTS 



*cc0— 



!©- 



ciii«(io)— I 



"VlT 




VouT = KLOG I 




©SCALE 
FACTOR 



RESISTOR VALUES NOMINAL ONLY. 
LASER-TRIMMED FOR PRECISION GAIN 



DESCRIPTION 



The LOG 100 uses advanced integrated circuit techno- 
logies to achieve high accuracy, ease of use, low cost, 
and small size. It is the logical choice for your 
logarithmic-type computations. The amplifier has 
guaranteed maximum error specifications over the 
full six-decade input range ( 1 n A to 1 mA) and for all 
possible combinations of Ii and h. Total error is 
guaranteed so that involved error computations are 
not necessary. 

The circuit uses a specially designed compatible thin- 
film monolithic integrated circuit which contains 
amplifiers, logging transistors, and low drift thin- 
film resistors. The resistors are laser-trimmed for 



maximum precision. FET input transistors are used 
for the amplifiers whose low bias currents (IpA 
typical) permit signal currents as low as InA while 
maintaining guaranteed total errors of 0.37% FSO 
maximum. 

Because scaling resistors are self-contained, scale 
factors of IV, 3V or 5V per decade are obtained 
simply by pin selections. No other resistors are 
required for log ratio applications. The LOG 100 will 
meet its guaranteed accuracy with no user trimming. 
Provisions are made for simple adjustments of scale 
factor, offset voltage, and bias current if enhanced 
performance is desired. 
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ELECTRICAL 

Specifications at Ta = +25°C and ±Vcc = ±15V unless otherwise noted 



SPECIFICATIONS 



PARAMETER | CONDITIONS | MIN | TYP 


MAX 


UNITS 1 


TRANSFER FUNCTION VouT = K Log ( I1/I2 1 | 


Log Conformity Error(i) 


Either I1 or I2 










Initial 


InA to 100m A (5 decades) 




0.04 


01 


% 




1 n A to 1 mA ( 6 decades ) 




0.15 


0,25 


% 


Over Temperature 


1 nA to 1 00m A ( 5 decades ) 




002 




%/°C 




1 nA to 1 m A ( 6 decades ) 




0.001 




%/°C 


K Range(2) 






1,3.5 




V/decade 


Accuracy 






03 




% 


Temperature Coefficient 






03 




%/°C 


ACCURACY 1 


Total ErrorO) 


K = 1,(4) Current Input Operation 










Initial 


I1, l2= 1mA 






±55 


mV 




Ii.I2 = 100mA 






±30 


mV 




Ii,I2 = 10mA 






±25 


mV 




Ii,I2 = 1mA 






±20 


mV 




h, l2 = 100nA 






±25 


mV 




li.l2 = 10nA 






±30 


mV 




I1, l2 = 1nA 






±37 


mV 


vs Temperature 


li,l2 = 1mA 




±0 20 




mV/°C 




Ii,I2 = 100mA 




±0.37 




mV/°C 




Ii.I2 = 10mA 




±0.28 




mV/°C 




Ii,I2 = 1mA 




±0.033 




mV/°C 




li,l2 = 100nA 




±0.28 




mV/oC 




li,l2 = 10nA 




±0,51 




mV/°C 




li,l2 = 1nA 




±1.26 




mV/oC 


vs Supply 


h, l2 = 1mA 




±4.3 




mV/V 




Ii,I2 = 100mA 




±1.5 




mV/V 




Ii,I2 = 10mA 




±0.37 




mV/V 




Ii,I2 = 1mA 




±0.11 




mV/V 




li,l2 = 100nA 




±0.61 




mV/V 




h, l2 = 10nA 




±0.91 




mV/V 




li,l2 = 1nA 




±2.6 




mV/V 


INPUT CHARACTERISTICS 1 of amplifiers Ai and A2 1 | 


Offset Voltage 












Initial 






±0.7 


±5 


mV 


vs Temperature 






±80 




mV/°C 


Bias Current 












Initial 






1 


5(5) 


pA 


vs Temperature 




doubles every 10°C 






Voltage Noise 


10Hz to 10kHz. RTI 


3 




mV, rms 


Current Noise 


10Hz to 10kHz RTI 


05 




pA. rms 


AC PERFORMANCE | 


3dB Response(6), I2 = 10/iA 












InA 


Cc = 4500pF 




Oil 




kHz 


VA 


Cc = 150pF 




38 




kHz 


10m A 


Cc = 150pF 




27 




kHz 


1mA 


Cc = 50pF 




45 




kHz 


Step Response(6) 












Increasing 


Cc = 150pF 










VAtolmA 






11 




Msec 


lOOnA to VA 






7 




Msec 


lOnAtolOOnA 






110 




Msec 


Decreasing 


Cc = 150pF 










ImAtol/iA 






45 




Msec 


VAtolOOnA 






20 




Msec 


lOOnAtolOnA 






550 




Msec 


OUTPUT CHARACTERISTICS ^ 


Full Scale Output (FSO) 




±10 






V 


Rated Output 












Voltage 


louT = ±5mA 


±10 






V 


Current 


VOUT = ±10V 


±5 






mA 


Current Limit 












Positive 






125 




mA 


Negative 






15 




mA 


Impedance 






05 




n 


POWER SUPPLY REQUIREMENTS | 


Rated Voltage 






±15 




VDC 


Operating Rangt 


Derated Performance 


±12 




±18 


VDC 


Quiescent Current 






±7 


±9 


mA 
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ELECTRICAL (CONT'D) 



Specifications at Ta = +25°C and ±Vcc = ±15V unless otherwise noted 



PARAMETER 


CONDITIONS 1 MIN 1 TYP 


MAX 1 UNITS 1 


AMBIENT TEMPERATURE RANGE | 


Specification 
Operating Range 
Storage 


Derated Performance 




-55 
-55 




+70 
+125 
+125 


°C 



NOTES 

1 Log Conformity Error is the peak deviation from the best-fit straight line of the Vqut vs log Iin curve expressed as a percent of peak-to-peak full 
scale output 

2 May be trimmed to other values See Applications section 

3 The worst-case Total Error for any ratio of I1/I2 is the largest of the two errors when h and I2 are considered separately 

4 Total Error at other values of K is K times Total Error for K = 1 

5 Guaranteed by design Not directly measurable due to amplifier's committed configuration 

6. 3dB and transient response are a function of both the compensation capacitor and the level of input current See Performance Curves. 



ABSOLUTE MAXIMUM RATINGS 


Supply 


±18V 


Internal Power Dissipation 


600mV 


Input Current 


10mA 


Input Voltage Range 


±18V 


Storage Temperature Range 


-40°Cto+85°C 


Lead Temperature (soldering 10 seconds 


+300° C 


Output Short-circuit Duration 


Continuous to ground 


Junction Temperature 


175°C 



SCALE FACTOR PIN CONNECTIONS 


K, V/decade 


Connections 


5 


5 to 7 


3 


4 to 7 


19 


4 and 5 to 7 


1 


3 to 7 


85 


3 and 5 to 7 


77 


3 and 4 to 7 


68 


3 and 4 and 5 to 7 



PIN CONFIGURATION 




1 h INPUT 






2 SCALE FACTOR TRIM 






3 K=1 

4 K = 3 








o14 


1 




5 K = 5 


o13 


20 




6 +Vcc 


012 


30 




7 OUTPUT 


oil 


40 




8 NO INTERNAL CONNECTION 


010 


50 




9 -Vcc 


9 


6° 




10 COMMON 


8 


70 




11 NO INTERNAL CONNECTION 








12 NO INTERNAL CONNECTION 


Bottom View 


13 NO INTERNAL CONNECTION 






14 I2 INPUT 







MECHANICAL 




ORDER NUMBER LOG100JP 
CASE Epoxy 
WEIGHT 2 7 grams 
CONNECTOR 0145MC 

NOTE 

Leads in true position within 
01 0" ( 25mm i R at MMC at 
seating plane 



r'^ 




*~ 








t 




2 3 4 5 6 7< 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


790 


810 


20 07 


20 57 


B 


490 


510 


12 45 


12 95 


c 


190 


260 


4 83 


6 60 


D 


018 


021 


46 


53 


G 


100 BASIC 


2 54 BASIC 1 


H 


080 


115 


2 03 


2 92 


K 


130 


300 


3 30 


7 62 


L 


300 BASIC 


7 62 BASIC 


R 


080 1 115 


2 03 1 2 92 



" Pin numbers shown for 
reference only Numbers are 
not marked on package 



FREQUENCY COMPENSATION 
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PERFORMANCE CURVES 

I Typical at Ta = +25°C, Vcc = ±15VDC unless otherwise noted. 



NORMALIZED TRANSFER 
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THEORY OF OPERATION 

The base-emitter voltage of a bipolar transistor is 



I 

Vbe = Vi J2n i^ where: 



_KT 



(1) 



K = Boltzman's constant = 1.381 x 10"' 
T = Absolute temperature in degrees Kelvin 
q = Electron charge = 1.602 x 10~'^ Coulombs 
L = Collector current 
Is = Reverse saturation current 
From the circuit in Figure 1 , we see that 
Vout' = Vbe, - Vbe, 



Vol r = V I fin 7^ and since 

CnX = 2.3 logio X 

I, 

Vori' = n Vi log j^ 

where n = 2.3 

also 

Ri + R2 



^OU'I — voui 



Ri 



(2) 



R1+R2 I, 

-R^nV, logy; 



(5) 
(6) 

(7) 
(8) 

(9) 
(10) 
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Substituting (1) into (2) yields 



1, 



Vout' = Vt, fin y' -Vx^finj^ 

s, s 



(3) 



If the transistors are matched and isothermal and Vi^ = 
Vtj, then (3) becomes 

Vout' = ViEfinri-fini^] (4) 
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Vori = Klogj^^ 



(11) 



It should be noted that the temperature dependance 
associated with V i - KT q is compensated by making R 1 
a temperature sensitive resistor with the required positive 
temperature coefficient. 
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FIGURE 1. Simplified Model of Log Amplifier. 

DEFINITION OF TERMS 

TRANSFER FUNCTION 

The ideal transfer function is Voi i = K log ^ 
where 

K — the scale factor with units of volts/ decade 
Ii = numerator input current 
h = denominator input current. 




FIGURE 2. Transfer Function with Varying K and Ii. 
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FIGURE 3. Transfer Function with Varying h and li. 

ACCURACY 

Accuracy considerations for a log ratio amplifier are 
somewhat more complicated than for other amplifiers. 
The reason is that the transfer function is nonlinear and 
has two inputs, each of which can vary over a wide 
dynamic range. The accuracy for any combination of 
inputs is determined from the total error specification. 
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TOTAL ERROR 

The total error is the deviation (expressed in mV) of the 
actual output from the ideal output of Von = K log 
(I, /h). Thus, 

Voui (AciuAi.) = Voui (ii)KAi,) ± Total Error. 
It represents the sum of all the individual components of 
error normally associated with the log amp when operated 
in the current input mode. The worst-case error for any 
given ratio of Ii/ h is the largest of the two errors when Ii 
and h are considered separately. 

Example 

Ii varies over a range of lOnA to l/iA and I: varies 
from lOOnA to 10/xA. What is the maximum error? 

Table I shows the maximum errors for each decade 
combination of li and h. 

TABLE I. Ii/b and Maximum Errors. 

(max error 1* 



l2 
(max erron' 



*Maximum errors are m parenthesis 

Since the largest value of Ii/h is 10 and the smallest is 
0.001, K is set at 3V per decade so the output will range 
from +3V to -9V. The maximum total error occurs when 
Ii = lOnA and is equal to K x 30mV. This represents a 
0.75% of peak-to-peak FSO error ( 3x0^.030 ) ^ j^^^^ ^ 

0.75% where the full scale output is 12V (from +3V to 
-9V). 

ERRORS RTO AND RTI 

As with any transfer function, errors generated by the 
function itself may be Referred-to-Output (RTO) or 
Referred-to-Input (RTI). In this respect log amps have a 
unique property: 

Given some error voltage at the log amp's output, that 
error corresponds to a constant percent of the input 
regardless of the actual input level. 

Refer to: Yu Jen Wong and William E. Ott, "Function 
Circuits: Design & Applications" McGraw-Hill Book, 
1976. 

LOG CONFORMITY 

Log conformity corresponds to linearity when Vout is 
plotted versus Ii/ h on a semilog scale. In many applica- 
tions log conformity is the most important specification. 
This is true because bias current errors are negligible 
( 1 pA compared to input currents of 1 nA and above) and 
the scale factor and offset errors may be trimmed to zero 
or removed by system calibration. This leaves log con- 
formity as the major source of error. 
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Log conformity error is defined as the peak deviation 
from the best-fit straight line of the Vout versus log (Ii/ 12) 
curve. This is expressed as a percent of peak-to-peak full 
scale output. Thus, the nonlinearity error expressed in 
volts over m decades is 



Vout (nonlin.) = K 2Nm volts 
where N is the log conformity error, in percent. 

INDIVIDUAL ERROR COMPONENTS 

The ideal transfer function with current input is 

I, 
Voui = KLogj^ 



(12) 



(13) 



The actual transfer function with the major components 
of error is 

Ii - 1b 

Vout = K(l ± AK) log , ' ±K 2Nm ± Vos out (14) 

The individual component of error is 
AK = scale factor error (0.3%, typ) 
le, = bias current of Ai (IpA, typ) 
Ibj = bias current of A2 (IpA, typ) 
N = log conformity error (0.05%, 0.1%, typ) 
Vos OUT = output offset voltage (ImV, typ) 
m = no. of decades over which N is specified: 
0.05% for m = 5, 0.1% for m = 6 

Example: what is the error with K = 3 when 
li = l/iA and I2 = lOOnA 



Vout =3(1 ±0.003) log 



10'' - 10" 
10'' - 10" 



10'' 



«^ 3.009 log T^ +0.015 + 0.001 

= 3.009(0 + 0.015 + 0.001 
= 3.025 volts 



-±3(2)(0.0005)5±lmV 
(15) 

(16) 

(17) 
(18) 



Since the ideal output is 3.000V the error as a percent of 
reading is 

0.025 



% error = 



X 100% = 0.83% 



(19) 



For the case of voltage inputs, the actual transfer 
function is 



Eos, 



VoUT=K(l±AK)logrT 

V; 



T 2 I i Eos. 



!±iK2Nm!±Vos( 



(20) 



FREQUENCY RESPONSE 

The 3dB frequency response of the LOG 100 is a function 
of the magnitude of the input current levels and of the 
value of the frequency compensation capacitor. See 
Performance Curves for details. 



The frequency response curves are shown for constant 
DC Ii and I2 with a small signal AC current on one of 
them. 

The transient response of the LOG 100 is different for 
increasing and decreasing signals. This is due to the fact 
that a log amp is a nonlinear gain element and has 
different gains at different levels of input signals. Fre- 
quency response decreases as the gain increases. 



GENERAL INFORMATION 

INPUT CURRENT RANGE 

The stated input range of InA to 1mA is the range for 
specified accuracy. Smaller or larger input currents may 
be applied with decreased accuracy. Currents larger than 
1 mA result in increased nonlinearity. The 10mA absolute 
maximum is a conservative value to limit the power 
dissipation in the output stage of Ai and the logging 
transistor. Currents below InA will result in increased 
errors due to the input bias currents of Ai and A2 ( 1 pA 
typical). These errors may be nulled. See Optional 
Adjustments section. 

FREQUENCY COMPENSATION 

Frequency compensation for the LOG 100 is obtained by 
connecting a capacitor between pins 7 and 1 4. The si/c of 
the capacitor is a function of the input currents as shown 
in the Performance Curves. For any given application the 
smallest value of the capacitor which may be used is 
determined by the maximum value at I2 and the minimum 
value of Ii. Larger values of Cc will make the LOG 100 
more stable, but will reduce the frequency response. 

SETTING THE REFERENCE CURRENT 

When the LOG 100 is used as a straight log amplifier I2 is 
constant and becomes the reference current in the 
expression 

I, 

Vout =K log f^^^. (21) 

Iref can be derived from an external current source (such 
as shown in Figure 4) or it may be derived from a voltage 
source with one or more resistors. 
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FIGURE 4. Temperature-Compensated Current 
Reference. 

When a single resistor is used the value may be quite large 
when Iref is small. If Iref is lOnA and +15V is used 
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Rri I — 



15V 
lOnA 



= ISOOMll. 



A voltage divider may be used to reduce the value of the 
resistor. When this is done one must be aware of possible 
errors caused by the amplifier's input offset voltage. This 
is shown in Figure 5. 




FIGURE 5. "T" Network for Reference Current. 

I n this case the voltage at pin 1 4 is not exactly zero, but is 
equal to the value of the input offset voltage of Ai which 
ranges from zero to ±5mV. Vi must be kept much larger 
than 5mV in order to make this effect negligible. This 
concept also applies to pin 1. 

OPTIONAL ADJUSTMENTS 




FIGURE 7. Output Offset Nulling. 

ADJUSTMENTS OF SCALE FACTOR K 

The value of K may be changed by increasing or 
decreasing the voltage divider resistor normally con- 
nected to the output, pin 7. To increase K put resistance 
in series between pin 7 and the appropriate scaling 
resistor pin (3, 4 or 5). To decrease K place a parallel 
resistor between pin 2 and either pin 3, 4 or 5. 



I he UOG 1 00 will meet its specified accuracy with no user 
adjustments. If improved performance is desired the 
following optional adjustments may be made. 

INPUT BIAS CURRENT 

The circuit in Figure 6 may be used to compensate for the 
input bias currents of Ai and A:. Since the amplifiers 
have FET inputs with the characteristic bias current 
doubling every 10"C this nulling technique is practical 
only where the temperature is fairly stable. 



APPLICATION INFORMATION 

WIRING PRECAUTIONS 

In order to prevent frequency instability due to lead 
inductance of the power supply lines, each power supply 
should be bypassed. This should be done by connecting a 
lOjuF tantalum capacitor in parallel with a lOOOpF 
ceramic capacitor from the +Vcc and -Vcc pins to the 
power supply common. The connection of these capaci- 
tors should be as close to the LOG 100 as practical. 




^CC IkMd resistor available from 



Burr-Brown. Order part 
r RF-500. 



0— T^ 



L0G100 






CO ©CDQ) 
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FIGURE 6. Bias Current Nulling. 

OUTPUT OFFSET 

The output offset may be nulled with the circuit in Figure 
7. Ii and h are set equal at some convenient value in the 
range of lOOnA to lOOjuA. Ri is then adjusted for zero 
output voltage. 



CAPACITIVE LOADS 

Stable operation is maintained with capacitive loads of 
up to lOOpF, typically. Higher capacitive loads can be 
driven if a 220 carbon resistor is connected in series with 
the LOG 1 00 's output*. This resistor will, of course, form a 
voltage divider with other resistive loads. 

CIRCUIT PROTECTION 

The LOG 100 can be protected against accidental power 
supply reversal by putting a diode ( 1 N400 1 type) in series 
with each power supply line as shown in Figure 8. This 
precaution is necessary only in power systems that 
momentarily reverse polarity during turn-on or turn-off. 
If this protection circuit is used, the accuracy of the 
LOG 100 will be degraded slightly by the voltage drops 
across the diodes as determined by the power supply 
sensitivity specification. 

The LOG 100 uses small geometry FET transistors to 
achieve the low input bias currents. Normal FET han- 
dling techniques should be used to avoid damage caused 
by low energy electrostatic discharge (ESD). 
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FIGURE 8. Reverse Polarity Protection. 

LOG RATIO 

One of the more common uses of log ratio amplifiers is to 
measure absorbance. A typical application is shown in 
Figure 9. 

Absorbance of the sample is: A = log ^ (22) 

I, 
If \2 = Xi and Di and D2 are matched A oc K log p (23) 




FIGURE 9. Absorbance Measurement 



DATA COMPRESSION 



In many applications the compressive effects of the 
logarithmic transfer function is useful. For example, a 
LOG 100 preceding an 8-bit analog-to-digital converter 
can replace a more expensive 20-bit converter. 

SELECTING OPTIMUM VALUES OF I2 AND K 

In straight log applications (as opposed to log ratio) both 
K and I2 are selected by the designer. In order to minimize 
errors due to output offset and noise it is normally best to 
scale the log amp to use as much of the ±10V output 
range as possible. Thus, with the range of 1 1 from 1 1 min to 
Ii max; 



For Ii MAX +10V = K log Ii MAx/h 
For li MIN -lOV = K log Ii min/ I2 



(24) 
(25) 



Addition of these two equations and solving for I2 shows 
that its optimum value, I2 opi, is the geometric mean of 
Ii MAX and Ii MIN. 



I2 OPI — 

Kopi = 



V Ii MAX X li mi: 
10 



log 



(26) 
(27) 



Since K is selectable in discrete steps, use the largest value 
of K available which does not exceed Kopi. 

NEGATIVE INPUT CURRENTS 

The LOG 100 will function only with positive input 
currents (conventional current flow into pins 1 and 14). 
Some current sources (such as photomultiplier tubes) 
provide negative input currents. In such situations the 
circuit in Figure 10 may be used.* 




FIGURE 10. Current Inverter. 

VOLTAGE INPUTS 

The LOG 100 gives the best performance with current 
inputs. Voltage inputs may be handled directly with series 
resistors, but the dynamic input range is limited to 
approximately three decades of input voltage by voltage 
noise and offsets. The transfer function of equation (20) 
applies to this configuration. 

ANTILOG CONFIGURATION (an implicit technique) 




0- 



LO6100 



©CfX?) 



®- 



1 



"OUT 



%T = 'REF"*"*""fl 



Cc = 0.01)uF 

K = 1 when Vim connected to pin 3 
K = 3 when V|m connected to pin 4 
K = 5 when V|f| connected to pin 5 



FIGURE II. Connections for Antilog Function. 

* More detailed information may be found in "Properly Designed Log Amplifiers 
Process Bipolar Input Signals" by Larry McDonald, EDN, 5 Oct 80, pp 99-102 
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MPY100 



MILITARY & DIE 
VERSIONS 
AVAILABLE 



MULTIPLIER-DIVIDER 



FEATURES 

LOW COST 
DIFFERENTIAL INPUT 

ACCURACY 100% TESTED AND 

GUARANTEED 
NO EXTERNAL TRIMMING REQUIRED 
LOW NOISE 

gOMV.rms. lOHztolOkHz 
HIGHLY RELIABLE ONE-CHIP DESIGN 
DIP OR TO-100 TYPE PACKAGE 
WIDE TEMPERATURE OPERATION 



DESCRIPTION 

The MPYIOO multiplier-divider is a low cost 
precision device designed for general purpose 
application. In addition to four-quadrant 
multiplication, it also performs analog square root 
and division without the bother of external 
amplifiers or potentiometers. Laser-trimmed one- 



APPLICATIONS 

MULTIPLICATION 

DIVISION 

SQUARING 

SQUARE ROOT 

LINEARIZATION 

POWER COMPUTATION 

ANALOG SIGNAL PROCESSING 

ALGEBRAIC COMPUTATION 

TRUE RMS-TO-DC CONVERSION 



chip design offers the most in highly reliable 
operation with guaranteed accuracies. Because of the 
internal reference and pretrimmed accuracies the 
MPYIOO does not have the restrictions of other low 
cost multipliers. It is available in both TO-100 and 
DIP ceramic packages. 




MPYIOO FUNCTIONAL BLOCK DIABRAM 

I Airport Industrial Paric • P.O. Box 11400 - Tucson. Arizona 85734 - TeL (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 

ELECTRICAL 

Specifications at Ta = +25*>C and ±Vs = 15VDC unless otherwise noted. 



MODEL 


MPY100A 


MPY100B/C 


MPY100S 


UNITS 


PARAMETER | CONDmONS 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 piAX 


MULTIPLIER PERFORMANCE 1 


Transfer Function 




(Xi - X2)(Yi - Y2) ^ ^^ 




V 












Total Error 


-10V < X, Y ^ 10V 




10 
















Initial 


Ta = +250C 






±2.0 






±1.0/0.5 






±0.5 


%FSR 


vs. Temperature 


-as^C < Ta < +B5°C 




±0.017 


±0.05 




t0.008/a008 ±0.02/0.02 








% FSR/oC 


vs. Temperature 


-550C^Ta^+125«C 
















±0.025 


±0.05 


% FSR/OC 


vs. Supplyd) 






±0.05 






V 










% FSR/% 


Individual Errors 
























Output Offset 
























Initial 


Ta = +25»C 




±50 


±100 




±10/7 


±50/25 




+7 


±50mV 


mV 


vs. Temperature 


-250C ^ Ta ^ +850C 




±0.7 


±2.0 




±0.7/0.3 


±2.0/±0.7 








mV/«C 


vs. Temperature 


-550C < Ta ^ +1250C 
















±0.3 


±0.7 


mV/oC 


vs. Supplyd) 






±0.25 






V* 






* 




mV/% 


Scale Factor Error 
























Initial 


Ta = +250C 




±0.12 






V* 






• 




%FSR 


vs. Temperature 


-25«»C ^ Ta ^ +85<»C 




±0,008 






V* 










% FSR/OC 


vs. Temperature 


-55<'C<Ta<+125°C 
















±0.008 




% FSR/OC 


vs. Supplyd) 






±0.05 






V* 






* 




% FSR/% 


Nonlinearity 
























X Input 


X = 20V, p-p; Y = ±10VDC 




±0.08 






, V* 






* 




%FSR 


Y Input 


Y = 20V, p-p; X = ±10VDC 




±0.08 






V* 






* 




%FSR 


Feedthrough 


f = 50Hz 






















X Input 


X = 20V, p-p; Y = 




100 






30/30 






30 




mV, p-p 


Y Input 


Y = 20V. p-p; X = 




6 






V 






* 




mV, p-p 


vs. Temperature 


-25«C ^ Ta ^ +85«'C 




0.1 






V* 










mV, p-p/oC 


vs. Temperature 


-55oC<Ta<+125«C 
















0.1 




mV. p-p/oC 


vs. Supplyd) 






0.15 






V* 






• 




mV, p-p/% 


DIVIDER PERFORMANCE I 


Transfer Function 


Xl>X2 


10(Z2-Zi) 

(X1-X2) ^^' 




V* 






* 






Total Error (with 


X = 10V 






















externa! adjustments) 


-lOV^Z^+lOV 

X = 1V 

-1V^Z<+1V 

-K).2V<X<+10V 

-10V ^ Z ^ +10V 




±1.5 
±4.0 
±5.0 






±0.75/0.35 
±2.0/1.0 
±2.5/1.0 






±0.35 
±1.0 
±1.0 




%FSR 
%FSR 
%FSR 


SQUARER PERFORMANCE I 


Transfer Function 




,x,.^xa,a,^ 




V* 






• 






Total Error 


-10V < X < +10V 


1 *-'■' 1 




±0.6/0.3 






±0.3 




%FSR 


SQUARE-ROOTER PERFORMANCE | 


Transfer Function 


Zl<Z2 


+ViO(Z2-Zi) + X2 




V 






• 






Total Error 


IV ^Z^ 10V 


1 *2 1 




±1/0.5 






±0.5 




%FSR 


AC PERFORMANCE 1 


Small-Signal Bandwidth 






550 






V 










kHz 


1% Amplitude Error 


Small-Signal 




70 






V* 










kHz 


1% (0.57") Vector Error 


Small-Signal 




5 






V* 










kHz 


Full Power Bandwidth 


|Vo| = 10V, Rl = 2kft 




320 






V 










kHz 


Slew Rate 


|Vo| =10V. RL = 2kn 




20 






V* 










V/Msec 


Settling Time 


€ = ±1%. AVo = 20V 




2 






V* 










Msec 


Overload Recovery 


50% Output 6verload 




0.2 






V* 










Msec 


INPUT CHARACTERISTICS 1 


Input Voltage Range 
























Rated Operation 




±10 






V* 






* 






V 


Absolute Maximum 








±Vcc 






V 






* 


V 


Input Resistance 


X, Y. Z(2) 




10 






V* 






* 




Mn 


Input Bias Current 


X. Y, Z 




1.4 






V 






* 




mA 


OUTPUT CHARACTERISTICS 1 


Rated Output 
























Voltage 


lo = ±5mA 


±10 






V* 






* 






V 


Current 


Vo = ±10V 


±5 






V 












mA 


Output Resistance 


f=DC 




1.5 






V* 






* 




n 


OUTPUT.NOISE VOLTAGE X = Y = 1 


fo = 1Hz 






6.2 






V* 










mV/v/Hz 


fo = 1kHz 






0.6 






V* 










AiV/x/Hz 


1/f Corner Frequency 






110 






V 










Hz 


fB = 5Hzto 10kHz 






60 






V* 










mV, rms 


fB = 5Hz to 5MHz 






1.3 






V 










mV, rms 


POWER SUPPLY REQUIREMENTS 1 


Rated Voltage 






±15 






V* 






• 




VDC 


Operating Range 


Derated Performance 


±8.5 




±20 


V* 




V* 






• 


VDC 


Quiescent Current 






±5.5 






V* 






•/• 




mA 
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ELECTRICAL SPECIFICATIONS (CONT) 



MODEL 


MPY100A 


MPY100B/C 


MPY100S 


UNITS 


PARAMETER 


CONDITIONS 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


TEMPERATURE RANGE (Ambient) 1 


Specification 
Operating Range . 
Storage 


Derated Performance 


-25 
-55 
-65 




+85 
+125 
+150 


V* 
V* 




V* 
V 
V* 


-55 




+125 


OC 



NOTES: 

1. Includes effects of recommended null pots 

2. Z2 input resistance is 10Mn, typical, with Vos pin open. 

If Vos pin is grounded or usee for optional offset adjustment, 
the Z2 input resistance may be as low as 25kn 

*Same as MPY100A specification. 

V* means B/C grades same as MPY JOOA specification 



MECHANICAL 



CERAMIC DUAL-IN-LINE PACKAGE 

Order Number 
MPY100AG, MPY100BG 
MPY100CG. MPY100SG 

TOP VIEW Pin 




LH^^JcLi'*"""'""' 



Ml \^ Rat 

I^L^ seat. 



NOTE 

Leads in true 
position within 
010" (0 25mm 1 

MMCat 
seating plane 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


670 


710 


17 02 


18 03 


C 


065 


170 


1 65 


4 32 


D 


015 


021 


38 


53 


F 


045 


060 


1 14 


1 52 


G 


100 BASIC 


2 54 BASIC 1 


H 


025 


070 


64 


1 78 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


6 10 


L 


300 BASIC 


7 62 BASIC 1 


M 


— 


lO^ 


__ 


10* 


N 


009 


060 


23 


1 52 



METAL CAN PACKAGE 

Order Number 
MPYIOOAM, MPYIOOBM 
MPY100CM, MPY100SM 




NOTE Leads in true position within 
010 (0 25mm I Rat MMCat 
seating plane 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


.335 


370 


8 51 


9 40 


B 


.305 


335 


7.75 


8.51 


C 


165 


185 


4 19 


4.70 


D 


.016 


.021 


41 


0.53 


E 


.010 


040 


25 


1.02 


F 


.010 


.040 


0.25 


102 


G 


.230 BA 


SIC 


5.84 BASIC 1 


H 


.028 


.034 


0.71 


0.86 


J 


.029 


.045 


0.74 


1.14 


K 


.500 





12 70 





L 


.120 


.160 


3.05 


406 


M 


36<* BASIC 


36° BASIC 


N 


.110 120 


2.79 3.05 



CONNECTION DIAGRAM 



+15VDC 



Vos 




-Vo 



'OPTIONAL lOOkn 
COMPONENT 



^Xi-X2)(Yi-Y2) 
10 
-15VDC 



PIN CONFIGURATION 



out(? 
-Vcc(£ 

NC(? 

Nc(r 

NC(2 

XI G 



2)+Vcc 

®Y1 

©Y2 
(TOP X 
VIEW) siyVos 

®Z2 

0X2 

0NC 



+Vcc 




-Vcc 



NOTES- 

1 . Vos adjustment optional not normally recommended. Vos 
pin may be left open or grounded. 

2. All unused Input pins should be grounded. 



SIMPLIFIED SCHEMATIC 
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TYPICAL PERFORMANCE CURVES 
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FEEDTHROUGH VS FREQUENCY 
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ABSOLUTE MAXIMUM RATINGS 



Supply 


±20VDC 


Internal Power Dissipationd) 


500mW 


Differential Input Voltage(2) 


±40VDC 


Input Voltage Range(2) 


±20VDC 


Storage Temperature Range 


■€5oCto+150oC 


Operating Temperature Range 


-55<»Cto+125«»C 


Lead Temperature (soldering, 10 seconds) 


+300OC 


Output Short-circuit DurationO) 


Continuous 


Junction Temperature 


+150OC 



NOTES: 

1. Package must be derated onSjc = IS^C/W and Bja = ^65°C/\N for the metal package and Ojc = 35oC/W and Oja = 220°C/\N for the ceramic package. 

2. For supply voltages less than ±20VDC the absolute maximum input voltage is equal to the supply voltage. 

3. Short-circuit may be to ground only. Rating applies to +65*>C ambient for the metal package and +650C for the ceramic package. 
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APPLICATIONS INFORMATION 



THEORY OF OPERATION 

The MPYIOO is a variable transconductance multiplier 
consisting of three differential voltage-to-current 
converters, a multiplier core and an output differential 
amplifier as illustrated in Figure 1. 




SBm 



HIGH GAIN 
OUTPUT AMPLIFIER 



FIGURE 1. MPYIOO Functional Block Diagram. 

The basic principle of the transconductance multiplier 
can be demonstrated by the differential stage in Figure 2. 




FIGURE 2. Basic Differential Stage as a 
Transconductance Multiplier. 

For small values of the input voltage Vi that are much 
smaller than Vt, the transistor's thermal voltage, the 
differential output voltage Vo is 

Vo = gmRLV,. 

The transconductance gm of the stage is given by: 

gm=lE/VT, 

and is modulated by the voltage V2 to give 

gm« V2/VtRe. 

Substituting this into the original equation yields the 
overall transfer function 

Vo = gmRtV, = V,V2 (Rl/VtRe) 



which shows the output voltage to be the product of the 
two input voltages, Vi and V2. 

Variations in Ie due to V2 cause a large common-mode 
voltage swing in the circuit. The errors associated with 
this common-mode voltage can be eliminated by using 
two differential stages in parallel and cross-coupling their 
outputs as shown in Figure 3. 



. qVqo 



-O+Vs 



+0- 

V2 

-o- 






^^^ ' f *^^/^— 



^ 



FIGURE 3. Cross-coupled Differential Stages as a 
Variable-transconductance Multiplier. 

An analysis of the circuit in Figure 3 shows it to have the 
same overall transfer function as before: 
Vo = V,V2(Rl/VtRe). 
For input voltages larger than Vt the voltage-to-current 
transfer characteristics of the differential pair Qi, Q2 or 
Q3 and Q4 are no longer linear. Instead, their collector 
currents are related to the applied voltage Vi as 



I2 I4 ^ 



The resultant nonlinearity can be overcome by 
developing Vi logarithmically to exactly cancel the 
exponential relationship just derived. This is done by 
diodes Di and D2 in Figure 4. 




FIGURE 4. MPYIOO Simplified Circuit Diagram. 
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The emitter degeneration resistors Rx and Ry, in Figure 
4, provide a linear conversion of the input voltages to 
differential current Ix and Iy, where 

Ix = Vx/RxandlY = VY/RY. 
Analysis of Figure 4 shows the voltage Va to be 

Va = (2Rl/Ii)(IxIy). 
Since Ix and Iy are linearly related to the input voltages 
Vx and Vy, Va may also be written 
Va = KVxVy 
where K is a scale factor. In the MPYIOO, K is chosen to 
be 0.1. 
The addition of the Z input alters the voltage Va to 

Va=KVxVy-Vz. 
Therefore, the output of the MPYIOO is 

Vo = A[KVxVy - Vz] 
where A is the open-loop gain of the output amplifier. 
Writing this last equation in terms of the separate inputs 
to the MPYIOO gives 



-A' 



l (Xi - X2)(Yi 

10 
the transfer function of the MPYIOO. 



■ (Z, - Z2) 



']• 



WIRING PRECAUTIONS 

In order to prevent frequency instability due to lead 
inductance of the power supply lines, each power supply 
should be bypassed. This should be done by connecting a 
10/xF tantalum capacitor in parallel with a lOOOpF 
ceramic capacitor from the +Vcc and -Vcc pins of the 
MPYIOO to the power supply common. The connection 
of these capacitors should be as close to the MPYIOO as 
practical. 

CAPACITIVE LOADS 

Stable operation is maintained with capacitive loads to 
lOOOpF in all modes, except the square root mode for 
which 50pF is a safe upper limit. Higher capacitive loads 
can be driven if a lOOfl resistor is connected in series with 
the MPYlOO's output. 



DEFINITIONS 

TOTAL ERROR (Accuracy) 

Total error is the actual departure of the multiplier 
output voltage from the ideal product of its input 
voltages. It includes the sum of the effects of input and 
output DC offsets, gain error and nonlinearity. 

OUTPUT OFFSET 

Output offset is the output voltage when both inputs Vx 
and Vy are zero volts. 

SCALE FACTOR ERROR 

Scale factor error is the difference between the actual 
scale factor and the ideal scale factor. 



NONLINEARITY 

Nonlinearity is the maximum deviation from a best 
straightline (curve fitting on input-output graph) 
expressed as a percent of peak-to-peak full scale output. 

FEEDTHROUGH 

Feedthrough is the signal at the output for any value of 
Vx or Vy within the rated range, when the other input is 
zero. 



SMALL SIGNAL BANDWIDTH 

Small signal bandwidth is the frequency at which the 
output is down 3dB from its low-frequency value for a 
nominal output amplitude of 10% of full scale. 

1% AMPLITUDE ERROR 

The 1% amplitude error is the frequency the output 
amplitude is in error by 1%, measured with an output 
amplitude of 10% of full scale. 

1% VECTOR ERROR 

The 1% vector error is the frequency at which a phase 
error of 0.01 radians (0.57°) occurs. This is the most 
sensitive measure of dynamic error of a multiplier. 



TYPICAL APPLICATIONS 

MULTIPLICATION 

Figure 5 shows the basic connection for four-quadrant 
multiplication. 

The MPYIOO meets all of its specifications without 
trimming. Accuracy can, however be improved over a 
limited range by nulling the output offset voltage using 
the lOOkn optional balance potentiometer shown in Fig- 
ure 5. 

AC feedthrough may be reduced to a minimum by 
applying an external voltage to the X or Y input as shown 
in Figure 6. 

Z2, the optional summing input, may be used to sum a 
voltage into the output of the MPYIOO. If not used, this 
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FIGURE 5. Multiplier Connection. 
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0*Vcc 



dOkn 



470kn 



6-Vcc 



5 



♦►TOTHE 
APPROPRIATE 
INPUT 



•±r TERMINAL 



FIGURE 6. Optional Trimming Configuration. 

terminal, as well as the X and Y input terminals, should 
be grounded. All inputs should be referenced to power 
supply common. 

Figure 7 shows how to achieve a scale factor larger than 

the nominal 1/ 10. In this case, the scale factor is unity 

which makes the transfer function _ri + (R,/R2)| 

Vo = KVxVy = K(X, " " " 




FIGURE 7. Connection For Unity Scale Factor. 

This circuit has the disadvantage of increasing the output 
offset voltage by a factor of 10 which may require the use 
of the optional balance control as in Figure 1 for some 
applications. In addition, this connection reduces the 
small signal bandwidth to about 50kHz. 

DIVISION 

Figure 8 shows the basic connection for two-quadrant 
division. This configuration is a multiplier-inverted 
analog divider, i.e., a multiplier connected in the 
feedback loop of an operational amplifier. In the case of 
the MPYIOO this operational amplifier is the output 
amplifier shown in Figure 1 . 



h 
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♦0.2V TO Ch 
^lOV.FS 



lOjVZlj 



+Yi 
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INPUT. "^ 
tlOV.FS 
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X2 
Y| 

r1^2 



MPYIOO 




] V(|.±IOV.FS 
) f O 



FIGURE 8. Divider Connection. 

The divider error with a multiplier-inverted analog 
divider is approximately 

€divider = 10 Cmultiplier/(Xl - X2) 



It is obvious from this error equation that divider error 
becomes excessively large for small values of Xi - X2. A 
10-to-l denominator range is usually the practical limit. 
If more accurate division is required over a wide range of 
denominator voltages, an externally generated voltage 
may be applied to the unused X-input (see Optional Trim 
Configuration). To trim, apply a ramp of +100mV to 
■f 1 V at lOOHz to both Xi and Zi if X2 is used for offset 
adjustment, otherwise reverse the signal polarity, and 
adjust the trim voltage to minimize the variation in the 
output. An alternative to this procedure would be to use 
the Burr-Brown DIVlOO, a precision log-antilog divider. 

SQUARING 



O— 

h o- 

±10V.FS 



£ 



MPYIOO 




Vfl. ±IOV. FS 

O OPTIONAL 
SUMMING 
INPUT. 
±10V. FS 



FIGURE 9. Squarer Connection. 

SQUARE ROOT 

Figure 10 shows the connection for taking the square root 
of the voltage Vz. The diode prevents a latching condition 
which could occur if the input momentarily changed 
polarity. This latching condition is not a design flaw in 
the MPYIOO, but occurs when a multiplier is connected 
in the feedback loop of an operational amplifier to 
perform square root functions. 
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(b| CIRCUIT FOR NEGATIVE Vj. 



-»02V<(Z2Zi)<*10V 



FIGURE 10. Square Root Connection. 

The load resistance Rl must be in the range of lOkfK Rl 
< IMH. This resistance must be in the circuit as it 
provides the current necessary to operate the diode. 
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BRIDGE LINEARIZATION 




INAIOl 
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FIGURE 1 1. Bridge Linearization. 

The use of the MPYIOO to linearize the output from a 
bridge circuit makes the output Vo independent of the 
bridge supply voltage. 

TRUE RMS-TO-DC CONVERSION 




FIGURE 12. True RMS-to-DC Conversion. 

The rms-to-DC conversion circuit of Figure 12 gives 
greater accuracy and bandwidth but with less dynamic 
range than most rms-to-DC converters. 

PERCENTAGE COMPUTATION 



o- 



40iV^Vi^*10V 
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Figure 13. Percentage Computation. 
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The circuit of Figure 13 has a sensitivity of 1 V/% and is 
capable of measuring 10% deviations. Wider deviation 
can be measured by decreasing the ratio of R2/R1. 

SINE FUNCTION GENERATOR 



71.548icn 



23.1051(0 




H0V^V|^^10V.and1V = 0«l 



FIGURE 14. Sine Function Generator. 

The circuit in Figure 14 uses implicit feedback to 
implement the following sine function approximation: 
Vo = (1.5715V, - 0.0043 17V,')/(1 + 0.00 1398 Vr) 
= 10 sin (9V,). 

SINGLE-PHASE POWER MEASUREMENT 




REAL POWER 
T l«7/10HE,r„,iLr„,catfl) 



FIGURE 15. Single-Phase Instantaneous and Real 
Power Measurement. 

MORE CIRCUITS 

The theory and procedures for developing virtually any 
function generator or linearization circuit can be found in 
the Burr-Brown/ McGraw Hill book "FUNCTION 
CIRCUITS - Design and Applications." 
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MPY534 



MILITARY & DIE 
VERSIONS 
AVAILABLE 



Precision 
ANALOG IVIULTIPLIER 



FEATURES 

• ±0.25% MAX 4-QUADRANT ERROR 

• WIDE BANDWIDTH: 1MHz MIN, 3MHz TYP 

• ADJUSTABLE SCALE FACTOR: GAINS TO 100 

• STABLE AND RELIABLE MONOLITHIC 
CONSTRUCTION 

• LOW COST 

APPLICATIONS 

• PRECISION ANALOG SIGNAL PROCESSING 

• VIDEO SIGNAL PROCESSING 

• VOLTAGE CONTROLLED FILTERS AND OSCILLATORS 

• MODULATION AND DEMODULATION 

• RATIO AND PERCENTAGE COMPUTATION 



DESCRIPTION 

The MPY534 is a high accuracy, general purpose 
four-quadrant analog multiplier. Its accurately laser 
trimmed transfer characteristics make it easy to use 
in a wide variety of applications with a minimum of 
external parts and trimming circuitry. Its differential 
X, Y and Z inputs allow configuration as a multi- 
plier, squarer, divider, square-rooter and other func- 
tions while maintaining high accuracy. 
The wide bandwidth of this new design allows accu- 
rate signal processing at higher frequencies suitable 
for video signal processing. It is capable of perform- 
ing IF and RF frequency mixing, modulation and 
demodulation with excellent carrier rejection and 
very simple feedthrough adjustment. 

An accurate internal voltage reference provides pre- 
cise setting of the scale factor. The differential Z 
input allows user selected scale factors from 0.1 to 10 
using external feedback resistors. 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25°C and Vs = ±15VDC unless otherwise specified 



MODEL 
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±5 


±20 




±2 


±10 










±5 


±20 






* 


mV 


Offset Voltage Drift X, Y 
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50 












100 






* 




//V/°C 


Offset Voltage Z 




±5 


±30 




±2 


±15 






±10 




±5 


±30 






* 


mV 


Offset Voltage Drift Z 
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fiwrc 
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60 
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Bias Current 
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//A 


Offset Current 




* 






01 






05 


02 




* 


20 
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A/A 


Differential Resistance 










10 
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DIVIDER PERFORMANCE 








i 1 
(Z2-Z1) 






















Transfer Function (Xi > Xz) 




* 




10V \. ^ +Y. 
(Xi - X2) 






















Total Error'^' 








1 






















(X = 10V, -10V<Z 


































< +10V) 




±0 75 






±0 35 






±0 2 






±0 75 






* 




% 


(X-1V, -1V<Z 


































<+1V) 




±2 






±1 






±0 8 






±2 










% 


(01V<X<10V, 


































-10V < Z < 10V) 




±2 5 






±10 






±0 8 






±2 5 
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ELECTRICAL (CONT) 

At Ta = +25°C and Vs = ±15VDC unless otherwise specified 



MODEL 


MPY534J 


MPY534K 


MPY534L 


MPY534S 


MPY534T 


UNITS 




MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


SQUARE PERFORMANCE 

Transfer Function 

Total Error (-10V < X <10V) 




06 




_(Xi 


10V +^^ 

±0.3 




±0 2 






±0 6 










% 


SQUARE-ROOTER 
PERFORMANCE 

Transfer Function (Zi < Z2) 
Total Error"' (1V < Z < 10V) 




±1 












±0 25 






±10 






±0 5 




% 


n/10V(Z2 - Zi) + Xz 
±0 5 


POWER SUPPLY 

Supply Voltage 
Rated Performance 
Operating 

Supply Current, Quiescent 






* 


±8 


±15 
4 


±18 
6 


* 




* 






±20 


* 




±20 


VDC 
VDC 

rc\A 


TEMPERATURE RANGE 

Operating 
Storage 






* 



-65 




+70 
+150 








-55 




+125 


-55 




+125 


°C 
°C 



* Specification same as for MPY534K 

NOTES (1) Figures given are percent of full scale, ±10V(ie, 01% = ImV) (2) May be reduced to 3V using external resistor between -Vs and SF (3) Irreducible 

component due to nonlinearity, excludes effect of offsets 



ABSOLUTE MAXIMUM RATINGS 




Parameter 


MPY534J, K, L 


MPY534S, T 


Power Supply Voltage 


±18 


±20 


Power Dissipation 


500mW 




Output Short-Cirruit to Ground 


Indefinite 




Input Voltage (all X,Y and Z) 


tVs 




Operating Temperature Range 


0°C to *70X 


-55°C to -125X 


Storage Temperature Range 


-65°C to -150°C 




Lead Temperature (10s soldering) 


300°C 





MECHANICAL 



•Specification same as for MPY534K 



Grade Designation 

K } to 70°C 

Tl 



MPY534** 



-55 to 125°C 



Package Designation • 
H = TO-lOO 
D = DIP 



PIN CONFIGURATION (TOP VIEW) 




+Vs 


NC 


OUT 


Zl 


Z2 


NC 


-Vs 


n 


n 


n 


n 


n 


r~i 


r-i 


14 


13 


12 


11 


10 


9 


8 


1 


2 


3 


4 


5 


6 


7 


LJ 


LJ 


u 


LJ 


LJ" 


Tzr 


Tzr' 



TO-100 



XI X2 NC SF NC Yl Y2 



DIP 




NOTE 

Leads m true position within 010" 
( 25mm) R at MMT at seating plane 
Pin numbers shown for reference 
only Numbers may not be marked 
on package 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


C 


165 


185 


4 19 


4 70 


D 


016 


021 


041 


53 


E 


010 


040 


25 


1 02 


F 


010 


040 


25 


102 


G 


230 BA 


SIC 


5 84 BASIC 1 




028 


034 


071 


86 


J 


029 


045 


74 


1 14 




500 


-_ 


12 70 




L 


120 


160 


3 05 


406 


M 


36° BASIC 


36° BASIC 


N 


110 120 


2 79 1 3 05 



[ 



fJU 



NOTE 

Leads in true position within 010" 
( 25mm) R at MMT at seating plane 
Pin numbers shown *or reference 
only Numbers may not be marked 
on package 



a- 



. LH^dcL^Seatrng Plane ^ L^-^ ^ 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


670 


710 


17 02 


18 03 


c 


065 


170 


1 65 


4 32 


D 


015 


021 


38 


53 


F 


045 


060 


1 14 


1 52 


G 


100 BASIC 


2 54 BASIC 1 


H 


025 


070 


64 


1 78 


J 


008 


012 


20 


30 


'< 


120 


240 


3 05 


6 10 


L 


300 BASIC 


7 62 BASIC 


M 


-- 


10° 


-- 


10° 


N 


009 


060 


23 


1 52 
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TYPICAL PERFORMANCE CURVES 



= +25° C, Vs = ±15VDC unless otherwise noted 



AC FEEDTHROUGH 
VS FREQUENCY 




Frequency (Hz) 



COMMON-MODE-REJECTION RATIO 
VS FREQUENCY 



2 40 
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ts/" 
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10k 
Frequency (Hz) 



NOISE SPECTRAL DENSITY 
VS FREQUENCY 



I 
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Ik 
Frequency (Hz) 



BIAS CURRENTS VS TEMPERATURE 
(X, Y or Z inputs) 
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400 
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Scaling voltage 


= 10V 


















"^ 






— 
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>ltage 


= 3V 
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• 























CO 
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>- 

GL 
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Temperature CC) 



INPUT DIFFERENTIAL-MODE/ 
COMMON-MODE VOLTAGE 



10" VcM 




•;% Functional -10 

•C% Derated Accuracy 



FREQUENCY RESPONSE VS 
DIVIDER DENOMINATOR INPUT VOLTAGE 




(A 
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o 

H 
O 



O 
OC 
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_l 

< 
z 
< 



100k 
Frequency (Hz) 
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INPUT/OUTPUT SIGNAL RANGE 
VS SUPPLY VOLTAGES 









/ 






Outpu 


t. Rl> 


[^ 


7 








// 


f k\\ 


inputs, 


3F = 10V 


/ 


V 










V 













10 12 14 16 18 

Positive or Negative Supply (V) 



FREQUENCY RESPONSE 
AS A MULTIPLIER 



OdB = 01V, rms; Ru = 2kn 

Cl = lOOOpF 




Frequency (Hz) 



THEORY OF OPERATION 



The transfer function for the MPY534 is: 

•(X, - X2)(Y, - Y2) 



Vqui 

where: 



4' 



SF 



(Zi - Z2) 



A = Open-loop gain of the output amplifier (Typi- 
cally 85dB at DC). 
SF = Scale Factor. Laser-trimmed to lOV but adjus- 
table over a 3V to lOV range using external 
resistor. 

X, Y, Z are input voltages. Full-scale input voltage is 
equal to the selected SF. (Max input voltage = 
±1.25 SF.) 

An intuitive understanding of transfer function can be 
gained by analogy to an op amp. By assuming that the 
open-loop gain, A, of the output amplifier is infinite, 
inspection of the transfer function reveals that any Vout 
can be created with an infinitesimally small quantity 
within the brackets. Then, an application circuit can be 
analyzed by assigning circuit voltages for all X, Y and Z 
inputs and setting the bracketed quantity equal to zero. 
For example, the basic multiplier connection in Figure 1, 
Zi = Vqui and Z2 = 0. The quantity within the brackets 
then reduces to: 

(X, - X2) (Y, - Y2) 

- (Vout - 0) = 

SF 

This approach leads to a simple relationship which can 
be solved for Vout. 

The scale factor is accurately factory-adjusted to lOV 
and is typically accurate to within 0.1% or less. The scale 
factor may be adjusted by connecting a resistor or poten- 
tiometer between pin SF and the — Vs power supply. The 
value of the external resistor can be approximated by: 



Rsi 



5.4kn 



LlO - SFJ 



Internal device tolerances make this relationship accu- 
rate to within approximately 25%. Some applications 
can benefit from reduction of the SF by this technique. 
The reduced input bias current and drift achieved by 



this technique can be likened to operating the input cir- 
cuitry in a higher gain, thus reducing output contribu- 
tions to these effects. Adjustment of the scale factor does 
not affect bandwidth. 



+15V 



X INPUT « 
±10V FS 
±12V PK 

•n. 470kn 



-15V-^ lkfi| 

OPTIONAL OFFSET | •- 
TRIM CIRCUIT -i- 

Y INPUT •- 
±10V FS 
±12V PK 



Xi 


+Vs 


X2 


OUT 


MPY534 1 


SF 


Zi 


Yi 


7o 


-Vs 



-|-»V0UT. 



Vout. ±12V PK 

X2J(Yi - Y1I 



+ Zj 



»-15V \ 

OPTIONAL SUMMING 
INPUT. Z. ±10V PK 



FIGURE 1. Basic Multiplier Connection. 

The MPY534 is fully characterized at Vs = ±15V but 
operation is possible down to ±8V with an attendant 
reduction of input and output range capability. Opera- 
tion at voltages greater than ±15V allows greater output 
swing to be achieved by using an output feedback atten- 
uator (Figure 2). 



X INPUT •- 
±10V FS 
±12V PK ^ 



Y INPUT • 
±10V FS 
±12VPK. 



+Vs 



OUT 
MPY534 
SF Zi 



Vout. ±12V PK 

= IX, - X2)|Yi - Y2) 

(SCALE = IV) 



»-15V 



C90kO 




FIGURE 2. Connections for Scale-Factor of Unity. 
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BASIC MULTIPLIER CONNECTION 

Figure 1 shows the basic connection as a multiplier. 
Accuracy is fully specified without any additional user 
trimming circuitry. Some applications can benefit from 
trimming one or more of the inputs. The fully differen- 
tial inputs facilitate referencing the input quantities to 
the source voltage common terminal for maximum accu- 
racy. They also allow use of simple offset voltage trim- 
ming circuitry as shown on the X input. 

The differential Z input allows an offset to be summed in 
Vour. In basic multiplier operation the Z2 input serves as 
the output voltage reference and should be connected to 
the ground reference of the driven system for maximum 
accuracy. 

A method of changing (lowering ) SF by connecting to 
the SF pin was discussed previously. Figure 2 shows 
another method of changing the effective SF of the over- 
all circuit using an attenuator in the feedback connection 
to Zi. This method puts the output amplifier in a higher 
gain and is thus accompanied by a reduction in band- 
width and an increase in output offset voltage. The 
larger output offset may be reduced by applying a trim- 
ming voltage to the high impedance input, Z2. 
The flexibility of the differential Z inputs allows direct 
conversion of the output quantity to a current. Figure 3 
shows the output voltage differentially-sensed across a 
series resistor forcing an output-controlled current. Addi- 
tion of a capacitor load then creates a time integration 
function useful in a variety of applications such as power 
computation. 















XINPUI • 
±10V FS 

+m PK , 


Xi +Vs 

X2 OUT 
MPY534 

SF Z, 
Yt I2 
Y2 -Vs 




»+15V 

l0UT = 


Y INPUT • 
±10V FS 

+17U PK , 




(X, - X2) (Y, - Y2) ^^ 1 
10V "^ Rs 


\ 


1 

1 

CURRENT-SENSING -t" 




1 IRU 


RESISTOR, Rs. 2kQ \*'7 

MIN "^ 




' 


* 'O" initbHAiuni 












CAPACITOR 
(SEE TEXT) 



FIGURE 3. Conversion of Output to Current. 

SQUARER CIRCUIT 

Squarer operation is achieved by paralleling the X and Y 
inputs of the standard multiplier circuit. Inverted output 
can be achieved by reversing the differential input termi- 
nals of either the X or Y input. Accuracy in the squaring 
mode is typically a factor of two better than the specified 
multipler mode with maximum error occurring with 
small (less than IV) inputs. Better accuracy can be 
achieved for small input voltage levels by using a reduced 
SF value. 

DIVIDER OPERATION 

The MPY534 can be configured as a divider as shown in 



Figure 4. High impedance differential inputs for the 
numerator and denominator are achieved at the Z and X 
inputs respectively. Feedback is applied to the Y2 input, 
and Yi is normally referenced to output ground. Alterna- 
tively, as the transfer function implies, an input applied 
to Yi can be summed directly into Vout. Since the feed- 
back connection is made to a multiplying input, the 
effective gain of the output op amp varies as a function 
of the denominator input voltage. Therefore the band- 
width of the divider function is proportional to the 
denominator voltage (see Typical Performance Curves). 
Accuracy of the divider mode typically ranges from 
0.75% to 2.0% for a 10 to 1 denominator range depending 
on device grade. Accuracy is primarily limited by input 
offset voltages and can be significantly improved by 
trimming the offset of the X input. A trim voltage of 
±3.5mV applied to the "low side" X input (X2 for posi- 
tive input voltages on Xi) can produce similar accuracies 
over a 100 to 1 deonominator range. To trim, apply a 
signal which varies from lOOmV to lOV at a low fre- 
quency (less than 500Hz) to both inputs. An offset sine 
wave or ramp is suitable. Since the ratio of the quantities 
should be constant, the ideal output would be a constant 
lOV. Using AC coupling on an oscilloscope, adjust the 
offset control for minimum output voltage variation. 



X INPUT , 
(OENOMINATOR) 
+10V FS 
+12V PK * 



OPTIONAL 
SUMMING INPUT 
±10V PK 
•^ 



I 



+Vs 



OUT 
MPY534 
SF Zi 



El 



+15V 



OUTPUT. ±12V PK 

' _10V(Za-Z,) 
Vout - — — + Yi 

A1 — A2 



« Z INPUT 
(NUMERATOR) 
±10V FS. ±12V PK 



FIGURE 4. Basic Divider Connection. 

SQUARE-ROOTER 

A square-rooter connection is shown in Figure 5. Input 
voltage is limited to one polarity (positive for the con- 
nection shown). The diode prevents circuit latch-up 



OUTPUT, ±12V PK 



Vout 



OPTIONAL 
SUMMING 
INPUT. X. 
±10V PK 



+Vs 



X2 OUT 

MPY534 



+15 V I 



VIOVlZa - Z,) + Xj 

f — • 

REVERSE j. Rl 



THIS AND X < 
INPUTS FOR 1 
NEGATIVE *>7 
OUTPUTS V 



(MUST BE 
PROVIDED) 



Z INPUT 
lOVFS 
12V PK 



-15" 



FIGURE 5. Square-Rooter Connection. 
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should the input go negative. The circuit can be config- 
ured for negative input and positive output by reversing 
the polarity of both the X and Y inputs. The output 
polarity can be reversed by reversing the diode and X 



input polarity. A load resistance of approximately lOkll 
must be provided. Trimming for improved accuracy 
would be accomplished at the Z input. 



APPLICATIONS 




FIGURE 6. Difference-of-Squares. 



MODULATION 
INPUT. ±Em 



.JT 



CARRIER INPUT 
Ec sin (jt 



+Vs 



OUT 
MPY534 
SF Zi 



+15V 

— — • VoUT 



1 ± (Em/IOV) Ec Sin wt 



The SF pin or a Z-attenuator can be used to provide overall signal amplification. 
Operation from a single supply is possible; bias Y2 to Vs/2 



FIGURE 9. Linear AM Modulator. 







+15V 




Xi +Vs 

X2 OUT 

MPY534 
SF Z, 

Y2 -Vs 




CONTROL INPUT, 
Ec. zero to ±5V 


• VouT = ±12V PK 
= (Ec Es)/0.1V 


SET 

GAIN IkO 2kO 


|39kQ 


|lkQ dz 0.005//F 


SIGNAL INPUT. 
Es. ±5V PK 


.-ISV 




NOTES: 1) Gain is XIO per vol 

2) Wideband (lOHz to 3( 
to a FS S/N ratio 

3) Noise referred to si( 

4) Bandwidth is DC to 


I of Ec. zero to 
)kHz) output no 
70dB. 

inal input, witr 
20kHz. -3dB. 


X50. 

se is 3mV rms. typ. corresponding 

Ec = ±5V. is 60/uV rms. typ. 
independent of gain. 
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Xi +Vs 

X2 OUT 

MPY534 
SF Zi 

Yi Z2 

Ya -Vs 




9kQ^ 
1kQ< 


: ±, 


+15V 




> 

L. 




VoUT — 






, A INPUT 






^ 




l±) 




-15V 










BINPU 
(POSITI 


r 

l/E ONLY) 









= jlOOV) 



FIGURE 10. Percentage Computer. 



FIGURE 7. Voltage-Controlled Amplifier. 



tOko 



>l8kn 



INPUT, ig ^^ 

TO +10V 



+Vs 



X2 OUT 

MPY534 
SF Z, 



4.3kfi ; 



-15V 



VouT = (10V) sin» 

WHERE 

d = (7r/2)(Ee/10V) 



FIGURE 8. Sine-Function Generator. 



INPUT. Y 
±10V FS • 



Xi +Vs 

X2 OUT 

IVIPY534 
SF Zi 



-•+15V 



VouT = ±5V PK 



= I10V) 



1+Y' 



WHERE Y'= 



-•-15V 



(lOV) 



FIGURE 11. Bridge-Linearization Function. 
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BURR -BROWN 





MPY634 



Wide Bandwidth 
PRECISION ANALOG MULTIPLIER 



FEATURES 

• WIDE BANDWIDTH: IQMHz typ 

• ±0.5% MAX FDUR-QUADRANT ERROR 

• INTERNAL WIDE-BANDWIDTH OP AMP 

• EASY TO USE 

• LOW COST 

• ENHANCED RELIABILITY SCREENING AVAILABLE 

APPLICATIONS 

• PRECISION ANALOG SIGNAL PROCESSING 

• MODULATION AND DEMODULATION 

• VOLTAGE-CONTROLLED AMPLIFIERS 

• VIDEO SIGNAL PROCESSING 

• VOLTAGE-CONTROLLED FILTERS AND OSCILLATORS 



DESCRIPTION 

The MPY634 is a wide bandwidth, high accuracy, 
four-quadrant analog multiplier. Its accurately laser- 
trimmed multiplier characteristics make it easy to 
use in a wide variety of applications with a minimum 
of external parts, often eliminating all external 
trimming. Its differential X, Y, and Z inputs allow 
configuration as a multiplier, squarer, divider, square- 
rooter, and other functions while maintaining high 
accuracy. 

The wide bandwidth of this new design allows signal 
processing at I.F., R.F., and video frequencies. The 
internal output amplifier of the MPY634 reduces 
design complexity compared to other high frequency 
multipliers and balanced modulator circuits. It is 
capable of performing frequency mixing, balanced 
modulation, and demodulation with excellent carrier 
rejection. 

An accurate internal voltage reference provides pre- 
cise setting of the scale factor. The differential Z 
input allows user-selected scale factors from 0.1 to 10 
using external feedback resistors. 



SF O- 



V0LTA6E 
REFERENCE 
AND BIAS 



T 



-O +Vs 



0-V8 

TRANSFER FUNCTION 



»...^«[ "'--y-'''' -(z,-z.,] 




PRECISION 
OUTPUT 
OP AMP 
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SPECIFICATIONS 



ELECTRICAL 

At Ta = +25''C and Vs = 



±15VDC unless otherwise specified. 



MODEL 


MPY634KP/KU 


MPY634AM 


MPY634BM 


MPY634SM 


UNITS 




MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MULTIPLIER 




























PERFORMANCE 

Transfer Function 




* 




(Xi-X2)(Yi-Y2) , 




* 






* 






Total Error"' 








10V ^ 

1 
















(-10V < X. Y < 4-10V) 






±2 






±10 






±0 5 
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% 


Ta = mm to max 




±2 5 






±15 






±1.0 
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Total Error vs Temperature 




±0 03 
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±0 02 
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Scale Factor Error 




























(SF = 10 OOOV Nominal)'^' 
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±0 01 






±0 01 
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%/°c 


Supply Rejection (±15V ±1V) 




* 






±0 01 
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% 


Nonlinearity 




























X (X = 20Vp-p, Y = 10V) 
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±0.4 






02 


±0.3 
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Y (Y = 20Vp-p, X = 10V) 
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±0 01 
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±0 1 




* 
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Feedthrough'^' 




























X (Y Nulled, Y = 20V 




























p-p, 50H2) 
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±0 3 




* 
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Y (X Nulled, Y = 20V 
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Both Inputs (500kHz, IV rms) 
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dB 


Output Offset Voltage 
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±30 




* 


±15 
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mV 


Output Offset Voltage Drift 




* 
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±500 


A»V/°C 


DYNAMICS 




























Small Signal BW, 




























(VouT = IV rms) 
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* 




6 


* 




MHz 


1% Amplitude Error 




























(Cload = lOOOpF) 
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Slew Rate (Vout = 20Vp-p) 
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Output Impedance (f < 1kHz) 
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Output Short Circuit Current 
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Amplifier Open Loop Gain 
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* 




dB 


INPUT AMPLIFIERS 




























(X, Y and Z) 




























Input Voltage Range 




























Differential V,n (Vcm = 0) 




* 






±12 






* 






* 




V 


Common-Mode Vin (Vdiff = 0) 




* 






±10 






* 






* 




V 


(see Typical Performance Cun/es) 




























Offset Voltage X, Y 




±25 


±100 




±5 


±20 




±2 


±10 




* 


* 


mV 


Offset Voltage Drift X, Y 




200 






100 






50 






* 




A<V/°C 


Offset Voltage Z 




±25 


±100 




±5 


±30 




±2 


±15 




* 


* 


mV 


Offset Voltage Drift Z 




* 






200 






100 








500 


AjV/°C 


CMRR 


* 


* 




60 


80 




70 


90 




* 


* 




dB 


Bias Current 




* 


* 




08 


2.0 




* 


* 




* 


* 


fJifi^ 


Offset Current 




* 






0.1 






* 






* 


20 


//A 


Differential Resistance 




* 






10 






* 






* 




MO 


DIVIDER PERFORMANCE 








-fT^II-- 
















transfer Function (Xi > Xa) 




* 






* 






* 






Total Error"' untrimmed 






















(X = 10V. -10V < Z < +10V) 




15 






±0.75 






±0.35 






±0 75 




% 


(X = 1V, -1V<Z<+1V) 




40 






±2 






±1.0 






* 




% 


(01V<X<10V.-10V< 




























Z<10V) 




50 






±2 5 






±10 






* 




% 



Burr-Brown IC Data Book 



5-42 



Vol. 33 



ELECTRICAL (CONT) 

At Ta = +25°C and Vs = ±15VDC unless otherwise specified 



MODEL 


MPY634KP/KU 


MPY634AM 


MPY634BM 


MPY634SM 


UNITS 




MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


SQUARE PERFORMANCE 

Transfer Function 

Total Error (-10V < X <10V) 




±1 2 




i^ 


10V -"^^ 

±0 6 




±0 3 






* 




% 


SQUARE-ROOTER 
PERFORMANCE 

Transfer Function (Zi < Z2) 
Total Error'^' (IV < Z < 10V) 




±2 








) + X2 




±0 5 






* 




% 


n/10V(Z2 - Zi 
1 ±1 


POWER SUPPLY 

Supply Voltage 
Rated Performance 
Operating 

Supply Current, Quiescent 


* 


* 


* 


±8 


±16 
4 


±18 
6 


* 


* 


* 


* 


* 


±20 


VDC 
VDC 
mA 


TEMPERATURE RANGE 

Specification 
Storage 


*<5> 

-40 




*(5) 

+85 


-25 
-65 




+85 
+150 


* 




* 


-55 




+125 

* 


°C 
°C 



* Specification same as for MPY634AM. 

NOTES: (1 ) Figures given are percent of full scale, ±10V (1 e , 0.01% = ImV). (2) May be reduced to 3V using external resistor between -Vs and SF 

component due to nonlinearity, excludes effect of offsets. (4) KP grade only (5) KP grade only 0°C to +70°C for KU grade 



(3) Irreducible 



MECHANICAL 



PLASTIC DUAL-IN-LINE 



jnuijCuSuiCiLCuS. 



"A V V V V W 

\ Denotes Pin 1 




y_-J*-D Seating Plan 



NOTE Leads in true 
position within 010" 
(0 25mm)RatMMCat 
seating plane 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


660 


785 


16 76 


19 94 


B 


220 


280 


5 59 


711 


C 


— 


200 


_ 


5 08 


D 


015 


023 


38 


58 


F 


030 


070 


76 


178 


G 


100 BASIC 


2 54 BASIC 1 


H 


030 


095 






J 


008 


015 


20 


38 


K 


100 


_ 


2 54 


_ 


L 


300 BASIC 


7 62 BASIC 1 


M 


_ 


15° 


_ 


15° 


N 


020 


050 


51 


127 



SMALL OUTLINE SURFACE MOUNT 




NOTE Leads in true position 
within 010" (0 25mm) R at MMC 
at seating plane 



DIM 


INCHES 


MILLIMETERS i 


MIN 


MAX 


MIN 


MAX 


A 


400 


416 


1016 


10 57 


Ai 


388 


412 


9 86 


10 46 


B 


?86 


302 


7 26 


7 67 


Bi 


.268 


286 


6 81 


7 26 


c 


093 


109 


2 36 


2 77 


D 


015 


020 


38 


51 


G 


050 BASIC 


1 27 BASIC 1 


H 


022 


038 


56 


097 


J 


008 


012 


20 


30 


L 


391 


421 


9 93 


10 69 


M 


5»TYP 


5° TYP 


N 


000 1 012 


000 1 030 



METAL TO-100 




nzin 



"i 1 NOTE' Leads in true position 
C 1 within 0.01" (0 25mm) Rat MMC 
at seating plane. 




DIM 


INCHES 


MILLIMETERS ] 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


C 


165 


185 


4 19 


4 70 


D 


016 


021 


41 


53 


E 


010 


040 


25 


102 


F 


010 


040 


25 


102 


G 


230 BASIC 


5 84 BASIC 1 


H 


028 


034 


71 


86 


J 


029 


045 


74 


1 14 


K 


500 


— 


12 70 


— 


L 


120 


160 


3 05 


4 06 


M 


36° BASIC 


36° BASIC 


N 


110 1 120 


2 79 1 3 05 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


MPY634AM/BM 


MPY634KP/KU 


MPY634SM 


Power Supply Voltage 


±18 


* 


±20 


Power Dissipation 


500mW 


* 


* 


Output Short-Circuit 








to Ground 


Indefinite 


* 


* 


Input Voltage (all X, 








Y and Z) 


±Vs 


* 


* 


Temperature Range- 








Operating 


-25/+85°C 


* 


-55/+125°C 


Storage 


-65/+150°C 


-40/+85°C 


* 


Lead Temperature 








(10s soldenng) 


+300°C 


* 


* 


SOIC 'KU' Package 




+260°C 





* Specification same as for MPY634AtVI/BM 
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ORDERING INFORMATION 



Basic Model Number- 
Performance Grade - 



MPY634 

1 



! 



U ilOM} 



K -25°C to +85°C ('U' package 0°C to +70°C)"' 

A -25°Cto+85°C 

B -25°Cto+85°C 

S -55°C to +125°C 



Package Code- 



M TO-100 metal 

P Plastic 14-pin DIP 

U 16-pinSOIC 

Enhanced reliability screening (/QM option) 

available on MPY634SM Contact your 
Burr-Brown representative for information 

NOTE (1) Performance grade identifier may not be marked 
Blank denotes "K" grade 



PIN CONFIGURATIONS (TOP VIEW) 




+Vs 
n 


NC 

n 


Out 

n 


2i 

n 


Z2 

n 


NC -Vs 


" 


13 


12 


11 


10 


9 8 


L 


2 


3 


4 


5 


6 7 


' LJ 


LJ 


u 


LJ 


LJ 


LJ LJ 



TO-100: MPY634AM/BM/SM 



Xi Xz NC SF NC Y, Yz 



DIP: MPY634KP 



X, Input 


1 


► 


16 


•Vs 


X2 Input 


2 




15 


NC 


NC 


3 




14 


Output 


Scale Factor 


4 




13 


Z' Input 


NC 


5 




12 


Z2 Input 


Yi Input 


6 




11 


NC 


Yz Input 


7 




10 


Vs 


NC 


8 




9 


NC 



SOIC: MPY634KU 



TYPICAL PERFORMANCE CURVES 

Ta = +25° C, Vs = ±15VDC unless otherwise noted 

FEEDTHROUGH VS FREQUENCY 



FREQUENCY RESPONSE AS A MULTIPLIER 




COMMON-MODE REJECTION RATIO 
VS FREQUENCY 



90 

80 

70 

_ 60 
m 
2. 50 

i 40 
O 



30 

20 

10 


100 













^. 


*i^ 
























X 


N 
















Tyf 


)ical 


for a 


II inpu 


ts / 


"^v 


! . 
























N 


























\ 


^ _ . 
























^. 











































































100M 

Frequency (Hz) 



-50 






FEEDTHROUGH VS TEMPERATURE 


























■— fin 






















1 








fY = 

Vx 


= 500k 
= nulU 


Hz 
5d 










Feedthroogh / 

1 


•V 












^^ 
















"d 


lulled 


it 25»C 








-80 










.^^ 













-40 -20 20 40 60 
Temperature (°C) 



100 120 140 



Burr-Brown IC Data Book 



5-44 



VoL 33 



TYPICAL PERFORMANCE 
CURVES (CONT) 

Ta = +25° C, Vs = ±15VDC unless otherwise noted. 



FREQUENCY RESP' ISE AS A DIVIDER 



NOISE SPECTRAL DENSITY 
VS FREQUENCY 



% 















\ 










^ 


- — 




— — 












) 











Frequency (Hz) 



INPUT/OUTPUT SIGNAL RANGE 
VS SUPPLY VOLTAGES 









/ 






Outpu 


t. Rl > 


V/ 


T^ 








/, 


A 


inputs, 


>F = 10 


/ 


/ 


7 










y 













10 12 14 16 18 20 

Positive or Negative Supply (V) 



BIAS CURRENTS VS TEMPERATURE 
(X, Y or Z inputs) 



800 
700 
600 
500 
400 
300 
200 
100 












































N 


•V 


^ 




















*^ 


•^ 


Seal 


ing vc 


Itage 


= 10V 




















^ 




— 


^ 




Sea 


ling V 


>ltage 


= 3V 














"■ 






— 




• 























-40 -20 20 40 60 80 100 120 140 
Temperature ("C) 




Frequency (Hz) 



INPUT DIFFERENTIAL-MODE/ 
COMMON-MODE VOLTAGE 




%% Functional -10 

%% Derated Accuracy 



THEORY OF OPERATION 



The transfer function for the MPY634 is: 

■ (X, - X2) (Y, - Y2) 



VouT = A 
where: 



[■ 



SF 



- (Z, - Z2) 



1 ^ 



A = open-loop gain of the output amplifier (typi- 
cally 85dB at DC). 
SF = Scale Factor. Laser-trimmed to 10 V but adjus- 
table over a 3V to lOV range using external 
resistors. 

X, Y, Z are input voltages. Full-scale input voltage is 
equal to the selected SF. (Max input voltage = 
±1.25 SF.) 

An intuitive understanding of transfer function can be 
gained by analogy to the op amp. By assuming that the 
open-loop gain, A, of the output operational amplifier is 
infinite, inspection of the transfer function reveals that 
any Vout can be created with an infinitesimally small 
quantity within the brackets. Then, an application cir- 
cuit can be analyzed by assigning circuit voltages for all 
X, Y and Z inputs and setting the bracketed quantity 
equal to zero. For example, the basic multiplier connec- 
tion in Figure 1, Zi = Vout and Z2 = 0. The quantity 
within the brackets then reduces to: 
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(Xi - X2) (Yi - Y2) 
SF 



(VouT-0) = 



RsF = 5.4kn 



This approach leads to a simple relationship which can 
be solved for Vout to provide the closed-loop transfer 
function. 

The scale factor is accurately factory adjusted to lOV 
and is typically accurate to within 0.1% or less. The scale 
factor may be adjusted by connecting a resistor or poten- 
tiometer between pin SF and the — Vs power supply. The 
value of the external resistor can be approximated by: 

Lio- sfJ 

Internal device tolerances make this relationship accu- 
rate to within approximately 25%. Some applications 
can benefit from reduction of the SF by this technique. 
The reduced input bias current, noise, and drift achieved 
by this technique can be likened to operating the input 
circuitry in a higher gain, thus reducing output contribu- 
tions to these effects. Adjustment of the scale factor does 
not affect bandwidth. 

The MPY634 is fully characterized at Vs = ±15V but 
operation is possible down to ±8V with an attendant 
reduction of input and output range capability. Opera- 
tion at voltages greater than ±15 V allows greater output 
swing to be achieved by using an output feedback atten- 
uator (Figure 1). 



X INPUT • 
±10V FS 
±12V PK . 



Y INPUT • 
±10V FS 
±I2VPK- 



Xi 



+Vs 



Xs OUT 

MPY634 
SF Zi 



Vout. ±12V PK 

= (X, - XdlY, - Ya) 

(SCALE = IV) 



-15V 



^90kQ 

OPTIONAL 
_t PEAKING 
5_T CAPACITOR 
^""^ Cf = 200pF 



FIGURE 1. Connections for Scale-Factor of Unity. 

As with any wide bandwidth circuit, the power supplies 
should be bypassed with high frequency ceramic capaci- 
tors. These capacitors should be located as near as prac- 
tical to the power supply connections of the MPY634. 
Improper bypassing can lead to instability, overshoot, 
and ringing in the output. 

BASIC MULTIPLIER CONNECTION 

Figure 2 shows the basic connection as a multiplier. 
Accuracy is fully specified without any additional user- 
trimming circuitry. Some applications can benefit from 
trimming of one or more of the inputs. The fully differ- 
ential inputs facilitate referencing the input quantities to 
the source voltage common terminal for maximum accu- 
racy. They also allow use of simple offset voltage trim- 
ming circuitry as shown on the X input. 



-pVouT. ±12V PK 

= (X, - X2)(Yi - Y,) , J 




H-15V 



OPTIONAL SUMMING 
INPUT. Z. ±10V PK 



FIGURE 2. Basic Multiplier Connection. 

The differential Z input allows an offset to be summed in 
Vout. In basic multiplier operation the Z2 input serves as 
the output voltage ground reference and should be con- 
nected to the ground of the driven system for maximum 
accuracy. 

A method of changing (lowering ) SF by connecting to 
the SF pin was discussed previously. Figure 1 shows an 
alternative method of changing the effective SF of the 
overall circuit by using an attenuator in the feedback 
connection to Zi. This method puts the output amplifier 
in a higher gain and is thus accompanied by a reduction 
in bandwidth and an increase in output offset voltage. 
The larger output offset may be reduced by applying a 
trimming voltage to the high impedance input, Z2. 
The flexibility of the differential Z inputs allows direct 
conversion of the output quantity to a current. Figure 3 
shows the output voltage differentially-sensed across a 
series resistor forcing an output-controlled current. Addi- 
tion of a capacitor load then creates a time integration 
function useful in a variety of applications such as power 
computation. 



X INPUT < 
±10V FS 
±12V PK . 



Y INPUT •" 
±10V FS 
±12V PK ^ 



+Va 



X2 OUT 

MPY634 
SF Z, 



»+15V 



loUT — 

(Xi - X2) (Y, - Y»| ^ 
10V 



\ 



CURRENT-SENSING =r= 



RESISTOR. Rs. 2kn »*7 

mil """* 
-^5V INTEGRATOR 

CAPACITOR 

(SEE TEXT) 



FIGURE 3. Conversion of Output to Current. 

SQUARER CIRCUIT (FREQUENCY DOUBLER) 

Squarer, or frequency doubler, operation is achieved by 
paralleling the X and Y inputs of the standard multiplier 
circuit. Inverted output can be achieved by reversing the 
differential input terminals of either the X or Y input. 
Accuracy in the squaring mode is typically a factor of 
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two better than the specified multiplier mode with maxi- 
mum error occurring with small (less than IV) inputs. 
Better accuracy can be achieved for small input voltage 
levels by reducing the scale factor, SF. 

DIVIDER OPERATION 

The MPY634 can be configured as a divider as shown in 
Figure 4. High impedance differential inputs for the 
numerator and denominator are achieved at the Z and X 
inputs respectively. Feedback is applied to the Y2 input, 
and Yi is normally referenced to output ground. Alterna- 
tively, as the transfer function implies, an input applied 
to Yi can be summed directly into Vqut. Since the feed- 
back connection is made to a multiplying input, the 
effective gain of the output op amp varies as a function 
of the denominator input voltage. Therefore, the band- 
width of the divider function is proportional to the 
denominator voltage (see Typical Performance Curves). 
Accuracy of the divider mode typically ranges from 
1 .0% to 2.5% for a 10 to 1 denominator range depending 
on device grade. Accuracy is primarily limited by input 
offset voltages and can be significantly improved by 
trimming the offset of the X input. A trim voltage of 



X INPUT < 
(DENOMINATOR) 
+10V FS 
+12V PK * 



OPTIONAL 
SUMMING INPUT 
±10V PK 
•-T 



^d 



+Vs 



Xa OUT 

MPY634 
SF Zi 



+15V 



OUTPUT. ±12V PK 
' _10V|Z2-Zi) 

•OUT + Yi 

A1 — A2 



^ Z INPUT 
(NUMERATOR) 
±10V FS. ±1ZV PK 



-•-15V 



±3.5mV applied to the "low side" X input (X2 for posi- 
tive input voltages on Xi) can produce similar accuracies 
over a 100 to 1 denominator range. To trim, apply a 
signal which varies from lOOmV to lOV at a low fre- 
quency (less than 500Hz). An offset sine wave or ramp is 
suitable. Since the ratio of the quantities should be con- 
stant, the ideal output would be a constant lOV. Using 
AC coupHng on an oscilloscope, adjust the offset control 
for minimum output voltage variation. 

SQUARE-ROOTER 

A square-rooter connection is shown in Figure 5. Input 
voltage is limited to one polarity (positive for the con- 
nection shown). The diode prevents circuit latch-up 
should the input go negative. The circuit can be config- 
ured for negative input and positive output by reversing 
the polarity of both the X and Y inputs. The output 
polarity can be reversed by reversing the diode and X 
input polarity. A load resistance of approximately lOkfl 
must be provided. Trimming for improved accuracy 
would be accomplished at the Z input. 



OPTIONAL 
SUMMING 
INPUT. X. 
±10V PK 



Xa OUT 

MPY634 



+15 V T 



OUTPUT. ±12V PK 
VouT = VlOVlZa - Z,) + X^ 



REVERSE ^ R, 

THIS AND X I (MUST BE 
INPUTS FORI PROVIDED) 
NEGATIVE ^ 
OUTPUTS V 



■^ Z INPUT 

10VFS 
^ 12V PK 



-15V 



FIGURE 4. Basic Divider Connection. 



FIGURE 5. Square-Rooter Connection. 



APPLICATIONS 



A sin (2 n lOMHz t) 



± 



8 sin (2 TT lOMHz t + e] 

m 



Xi 



+V 



Xa OUT 

MPY634 
SF Z, 



-+15V 

Vo = (AB/20) cos 6 




0.1/uF 



►-15V 



Multiplier connection followed by a low-pass filter forms phase detector useful in 
phase-locked-loop circuitry Rx is often used in PLL circuitry to provide desired 
loop-damping charactenstics 



FIGURE 6. Phase Detector. 



2kCi 2I(Q 



+• 

Es 




Minor gam adjustments are accomplished with the IkO variable resistor con- 
nected to the scale factor adjustment pin, SF Bandwidth of this circuit is limited 
by Ai, which is operated at relatively high gam 



FIGURE 7. Voltage-Controlled Amplifier. 



Burr-Brown IC Data Book 



5-47 



Vol. 33 



lOkn 



>18kn 



INPUT, E« 
TO +10V 



+Vs 



X2 OUT 

MPY634 
SF Z, 



H-15V 



4.7kO ; 



4.3kn 



-15V 



VouT = (10V) sin« 

WHERE 

e = (7r/2)(E,/10V) 



With a linearly changing 0— 10V input, this circuit's output follows 0' to 90° of a 
sine function with a 10V peak output amplitude. 



FIGURE 8. Sine-Function Generator. 



MODULATION 
INPUT. ±Em 



_r 



CARRIER INPUT 
Ec Sin ot 



Xi +Vs 

X2 OUT 

MPY634 

SF ly 



• +15V 



VoUT = 

1 ± IEm/IOV) Ec sin ot 



By injecting the input carrier signal into the output through connection to the Zs 
input, conventional amplitude modulation is achieved Amplification can be 
achieved by use of the SF pin, or Z attenuator (at the expense of bandwidth) 



FIGURE 9. Linear AM Modulator. 



A sin 6) t - 



Xi +V8 

X2 Vo 

MPY634 
SF Zi 



(AV20)C0S(2eat) 



~x 




Squaring a sinusoidal input creates an output frequency of twice that of the input. 
The DC output component is removed by AC-coupling the output. 



FREQUENCY OOUBLER 

INPUT SIGNAL- 20Vp-p, 200kHz 
OUTPUT SIGN^ .: lOVp-p, 400kHz 



FIGURE 10. Frequency Doubler. 



MODULATION 
INPUT. ±Em •" 



Si 



470kn 
CARRIER 
NULL 

+15V" -15V 

CARRIER INPUT 
Ec sin o){ 



+Vs 



X2 OUT 

MPY634 
SF Zi 



I. 

-Vs 



• +15V 



"1- 



-15V 



The basic multiplier connection performs balanced modulation. Carrier rejection 
can be improved by trimming the offset voltage of the modulation input. Better 
carrier rejection above 2MHz is typically achieved by interchanging the X and Y 
inputs (carrier applied to the X input). 




CARRIER: fc = 2MHz. AMPLITUDE = IVrms 
SIGNAL: fs = 120kHz. AMPLITUDE = 10V peak 



FIGURE 11. Balanced Modulator. 
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BURR -BROWN ® 



»!##! 



REF10 



^1 



Precision 
VOLTAGE REFERENCE 



FEATURES 

• +10.00V OUTPUT 

• HIGH ACCURACY. ±0.005V untrimmed 

• VERY-LOW DRIFT. 1ppm/<>C max 

• EXCELLENT STABILITY. lOppm/IOOOhrs typ 

• LOW NOISE. Oa/V, p-p typ. 0.1Hz to 10Hz 

• WIOE SUPPLY RANGE, up to 35V 



APPLICATIONS 

• PRECISION CALIBRATED VOLTAGE STANDARD 

• TRANSDUCER EXCITATION 

• D/A AND A/D CONVERTER REFERENCE 

• PRECISION CURRENT REFERENCE 

• ACCURATE COMPARATOR THRESHOLD REFERENCE 

• DIGITAL VOLTMETERS 

• TEST EQUIPMENT 



UJ 



R4 156kfi 




+Vcc 
2 

VOUT 

6 



+70 






TIME STABILITY 
















+50 
























5 +30 
^ +20 
i +10 
1 
O -10 






























^Specification Limit 


















^■"^^^ 








/ 


^^ 








^ 


. 


2 -20 
1 -30 














=^==^S^ 


^=^ 


















1 
























-70 















z 
o 



3 
LL 

H 

5 
o 

o 

(3 
O 

-I 
< 



DESCRIPTION 

The REFIO is a precision voltage reference which 
provides a + 10.00 V output. The drift is laser-trimmed 
to lppm/°C max (KM grade) over the full specifica- 
tion range. This is in contrast to some references 
which guarantee drift over a limited portion of their 
specification temperature range. The REFIO achieves 
its precision without a heater. This results in low 
quiescent current, fast warm-up, excellent stability, 
and low noise. 



Internitlonal Airport Industrial Park • P.O. Box 11400 - Tucson. Arizona 85734 • Tel. (602) 746-1111 • Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 



1000 2000 

Time (Hours) 



The output can be adjusted with minimal effect on 
drift or stability. Single supply operation over 13.5V 
to 35V supply range and excellent overall specifica- 
tions make the REFIO an ideal choice for the most 
demanding applications such as precision system 
standards, D/A and A/D references, transducer 
excitation etc. 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25" C and +15VDC power supply unless otherwise noted. 



MECHANICAL 



PARAMETER 


CONDITION 


REP10JM/KM/RM/SM 


UNITS 


MIN 


TYP 


MAX 


OUTPUT VOLTAGE 

Initial 

Trim Range"' 
vs Temperature""- KM 
JM 
SM 
RM 
vs Supply (line regulation) 
vs Output Current 
(load regulation) 
vs Time'^' 


Ta = -H25»C 

0»Cto+70°C 

O'Cto+ZO'-G 

-55°Cto+125''C 

-SS'C to -1-125'' C 

Vcc = 13.5 to 35V 

lu = to ±10mA 
Ta= +25«'C 


9.995 
-0.100 


10.000 

0.001 

0.001 
10 


10.005 
-1-0.250 

1 

3 

3 

6 
0.002 

0.002 
±50 


V 

V 
ppm/'C 
ppm/'C 
ppm/'C 
ppm/'C 
%/V 

%/mA 
ppm/1000 hrs 


NOISE 


0.1Hz to 10Hz 




6 


25 


A/Vp-p 


OUTPUT CURRENT 


Source or Sink 


±10 






mA 


INPUT VOLTAGE RANGE 




13.5 




35 


V 


QUIESCENT CURRENT 


IOUT = 




4.5 


6 


mA 


WARM-UP TIME 


To 0.1% 




10 




/iS 


TEMPERATURE RANGE 

Specification- JM, KM 
RM.SM 
Operating JM, KM 
RM.SM 
Storage 





-55 
-25 
-55 
-65 




+70 
+125 
+85 

+125 
+125 


»C 

»c 
«c 

°C 



NOTES (1) Trimming the offset voltage will affect the drift slightly. See Installation and Operating 
Instructions for details (2) The "box method" is used to specify output voltage drift vs temperature. See 
the Discussion of Performance section. (3) Sample tested with power applied continuously. 



ORDERING INFORMATION 



REF10 X M 



Basic Model Number 

Performance Grade Code - 
J, K: -0°Cto+70°C 
R,S: -55°Cto+125*»C 

Package Code 

TO-99 



J 



TO-99 PACKAGE 





1* ^ 








— B-^ 




i 




1 


u /'irr 




.J ' 


/ 8 




K 


Plane 


-a 


, 


D 




NOTE: 

Leads in true position within 0.010" 
(0.25mm) R at MMC at seating plane 
Pin numbers shown for reference only. 
Numbers not marked on package 
Pin material and plating composition 
conform to Method 2003 (solderability) 
of MIL-STD-883 (except paragraph 3.2). 



DIM 


INCHES 


MILLIMETERS j 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


C 


165 


185 


4 19 


4 70 


D 


016 


.021 


041 


53 


E 


010 


040 


25 


1 02 


F 


010 


040 


25 


1 02 


G 


200 BASIC 


5 08 BASIC 1 


H 


.028 


034 


071 


86 


J 


029 


045 


74 


1 14 


K 


.500 





127 





L 


110 


160 


2 79 


406 


M 


45° BASIC 


45° BASIC 1 


N 


095 105 


JLV.^.'^1 J 



WEIGHT: 1 gram 



ABSOLUTE MAXIMUM RATINGS 



Input Voltage 

Power Dissipation at +25° C 

Operating Temperature Range 

REF10JM/KIVI 

REF10RM/SIVI 

Storage Temperature Range . . 

Lead Temperature (soldering, 10s) 
Short-Circuit Protection at +25° C 

to Common or +15VDC 



... 40V 
200mW 



-25° C to +85° C 
-55°Cto+125°C 
-65°Cto+125°C 
+300°C 



Continuous 



PIN CONFIGURATION 






TOP VIEW 






TAB 






Ji^W-^ 




ucCT) 




(TJnc 


+Vcc(2) 




(yVouT 


•Vzlg^ 




jJyTRIM 


NC = No internal 


^"""■""0^^^ 




connection 


COMMON 





•Pin 3 is an unbuffered 6.3V output. Any load will affect the output 
voltage and drift. A load of 1//A on pin 3 will typically change the 
output voltage by SO/uV and the drift by Clppm/'C. 
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TYPICAL PERFORMANCE CURVES 



RESPONSE TO THERMAL SHOCK 



+20 
+15 
+10 

+5 


-5 
-10 
-16 

-20 



POWER TURN-ON RESPONSE 






JUL .Cp 




-- 


I - 






^^ 





— 


, 



L 



Power Turn-On 



+400 










-200 
Ta = 
+25<'C-«-^ 

-400 


rN 










Vj 


, 




Device immersed in +70° C 
/ fluorinert bath 
— Ta = +70»C| 



POWER SUPPLY REJECTION VS FREQUENCY 
100 



JUNCTION TEMPERATURE RISE 
VS OUTPUT CURRENT 




5 10 15 20 

Time (sec) 

QUIESCENT CURRENT VS TEMPERATURE 



6 3 




Ik 10k 

Frequency (Hz) 



5 2 
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OUTPUT VOLTAGE ADJUSTMENT vs Rs 
10.000 1 



2 4 6 

Output Current (mA) 



TYPICAL REF10 NOISE 

riri 



■ii2ooa/v huo^ 

■■!■■■■■ 




+6mV 
+4mV 
+2mV 

-2mV 
-4mV 
-6mV 



-50 -25 +25 +50 +75 +1 00 +1 25 
- Temperature (*»C) 



TYPICAL HEATED ZENER NOISE 

^^■■■■DOI 




LU 
DC 









;:; TYPICAL BANDGAP REFERENCE NOISE 
||20b!/uVl|iHHHOsT 



fc +2mV 

® 

a. 

» -2mV 

O) 

5 -4mV 

> -6mV 



Low Frequency Noise 
(see Noise Test Circuit) 



Low Frequency Noise 
(see Noise Test Circuit) 






Low Frequency Noise 
(see Noise Test Circuit) 
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NOISE TEST CIRCUIT 



Burr-Brown IC Data Book 



5-51 



Vol. 33 



THEORY OF OPERATION 

The following discussion refers to the diagram on the 
first page. 

In operation, approximately 6.3V is applied to the 
noninverting input of op amji) Ai by zener diode DZi. 
This voltage is amplified by Ai to produce the 10.00 V 
output. The gain is determined by Ri and R2: G= (Ri 4- 
R2)/ Ri. Ri and R2 are actively laser-trimmed to produce 
an exact lO.OOV output. The zener operating current is 
derived from the regulated output voltage through R3. 
This feedback arrangement provides closely regulated 
zener current. R3 is actively laser-trimmed to set the 
zener current to a level which results in low drift at the 
output of Ai. R4 allows user-trimming of the output 
voltage by providing for a small external adjustment of 
amplifier gain. Since the TCR of R4 closely matches the 
TCR of the gain setting resistors, the voltage trim has 
minimal effect on the drift of the reference. 

DISCUSSION OF 
PERFORMANCE 

The REFIO is designed for applications requiring a 
precision voltage reference where both the initial value at 
room temperature and the drift over temperature are of 
importance to the user. Two basic methods of specifying 
voltage reference drift versus temperature are in common 
usage in the industry — the "butterfly method" and the 
"box method." The REFIO is specified with the more 
commonly used box method. The "box" is formed by the 
high and low specification temperatures and a diagonal, 
the slope of which is equal to the maximum specified 
drift. 

For the REFIO each J and K unit is tested at temper- 
atures of 0°C, +25° C, +50° C, and +70° C and each R 
and S unit is tested at -55° C, -25° C, 0°C, +25° C, 
+50° C, +75° C, +100° C and +125° C. The minimum 
and maximum test voltages must meet this condition: 



(VoUTmax- VoUTm.n)/10V 



X 10^ < drift specification 



This assures the user that the variations of output 
voltage that occur as the temperature changes within the 
specification range Tow to Th,gh will be contained within a 
box whose diagonal has a slope equal to the maximum 
specified drift. Since the shape of the actual drift curve is 
not known, the vertical position of the box is not exactly 
known either. It is, however, bounded by Vupper Bound and 

VLower Bound (SCC FigUrC 1). 

Figure 1 uses the REFIOKM as an example. It has a drift 
specification of lppm/°C maximum and a specification 
temperature range of 0°C to +70° C. The "box" height 
(Vi to V2) is 700/iV and upper bound and lower bound 
voltages are a maximum of 700/uV away from the 
voltage at +25° C. 



+10.0007 






(Tiow) 



70 

(Thigh) 



Temperature (°C) 



FIGURE I. REFIOKM Output Voltage Drift. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

BASIC CIRCUIT CONNECTION 

Figure 2 shows the proper connection of the REFIO. To 
achieve the specified performance, pay careful attention 
to layout. A low resistance star configuration will reduce 
voltage errors, noise pickup^ and noise coupled from the 
power supply. Commons should be connected as indica- 
ted being sure to minimize interconnection resistances. 

OPTIONAL OUTPUT VOLTAGE ADJUSTMENT 

Optional output voltage adjustment circuits are shown 
in Figure 3 and 4. Trimming the output voltage will 
change the voltage drift by approximately 0.01ppm/°C 



TANTALUM 



::^ 



\A" 
2 



REFIO 



^ 







"' V 

NOTES: 

1. Lead resistances here of up to a few ohms have negligible effect on performance. 

2. A resistance of 0.1 in series with these leads will cause a ImV error when the 
load current is at its maximum of tOmA. This results in a 0.01% error of 10V. 



FIGURE 2. REFIO Installation. 
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per mV of trimmed voltage. In the circuit in Figure 3 any 
mismatch in TCR between the two sections of the 
potentiometer will also affect drift but the effect of the 
ATCR is reduced by a factor of 40 by the internal 
resistor divider. A high quality potentiometer, with good 
mechanical stability, such as a cermet, should be used. 
The circuit in Figure 3 has a range of approximately 
+250mV to — lOOmV. The circuit in Figure 4 has less 
range but provides higher resolution. The mismatch in 
TCR between Rs and the internal resistors can introduce 
some slight drift. This effect is minimized if Rs is kept 
significantly larger than the 156kft internal resistor. A 
TCR of 100ppm/°C is normally sufficient. 




FIGURE 3. REFIO Optional Output Voltage Adjust. 



il+Vcc 



REFIO 



TANTALUM 



VOUT 

6 



SEE INFORMATION IN 

TYPICAL PERFORMANCE CURVES 



The TCR of Rs can affect Vout 
drift if Rs Is made smalL 



VrniM 

5 , 



20I(CV 
OUTPUT 
VOLTAGE 
AOJUST 



-MOV 

9 



*Rs typically 4Mn 



'Higher resolution, reduced range. 



FIGURE 4. REFIO Optional Output Vohage Fine 
Adjust. 
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^ ^^ VOUT = +10V 
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V/F 


1.8Hz 



FIGURE 5. Precision Reference with Filtering. 
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APPLICATION INFORMATION 

High accuracy, extremely-low drift, and small size make 
the REFIO ideal for demanding instrumentation and 
system voltage reference applications. Since no heater is 
required, low power supply current designs are readily 
achievable. Also the REFIO has lower output noise and 
much faster warm-up times than heated references, 
permitting high precision without extra power or addi- 
tional supplies. It should be considered that operating 
any integrated circuit at an elevated temperature will 
reduce its MTTF. 

A variety of application circuits are shown in Figures 5 
through 11. 




Ul 
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FIGURE 6. ±10V Reference. 
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FIGURE 7. Positive Precision Current Source. 
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35VT0S5V 
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REFIO 
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+20V 
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+IOV 
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N01 
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10V. 

wnllan 


ticked to obtain voltages in 

1 •hmilil ha kaluiaan inn J-K 



T 



and lOn +25 where n it the number of REFIO's. 
3. Output current of each REFIO must not exceed its 
rated output current of ±10mA. This includes the 
current delivered to the lower REFIO. 



FIGURE 8. Stacked References. 




11 



REFIO 



/f^ 



X 



+5V OUT 



-5V OUT 




FIGURE 10. H-5V and +10V Reference. 



REFIO 



+Vcc = 24V 
820n 



aoon 



600n 



2-^ 



+10V 



-AV- 



T 



600n 



aoon 



At 10.0V, the 600Q bridge requires 16.7mA. An 820n resistor connected directly 
from the bridge to the positive supply provides the bulk of the bridge currenl 
The REFIO need only supply an error current to keep the bridge at 10.0V. Since 
the REFIO can sink or source up to 10mA, the circuit shown can tolerate supply 
variations of up to 24V, ±8V. or bridge resistance drift from 400n to 1400Q. 



FIGURE II. +10V Reference with Output Current 
Boost Using a Resistor to Drive 
a 600n Bridge. 



FIGURE 9. ±5V Reference. 
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FEATURES 

• +10.00V OUTPUT 

• HIGH ACCURACY. ±0.005V 

• VERY LOW DRIFT. 1ppm/oC max 

• EXCELLENT STABILITY. 50ppm/1000hrs. 

• LOW NOISE. 6mV. p-p typ. 0.1 Hz to 10Hz 

• WIDE SUPPLY RANGE, up to 35V 

• LOW QUIESCENT CURRENT. 6mA max 

• USEFUL MATCHED RESISTOR PAIR INCLUDED 



APPLICATIONS 

• PRECISION CALIBRATED VOLTAGE STANDARD 

• TRANSDUCER EXCITATION 

• D/A AND A/D CONVERTER REFERENCE 

• PRECISION CURRENT REFERENCE 

• ACCURATE COMPARATOR THRESHOLD REFERENCE 

• DIGITAL VOLTMETERS 

• TEST EQUIPMENT 



DESCRIPTION 

The REFlOl is a precision voltage reference which 
provides a + 10.00 V output. The drift is laser-trimmed 
to lppm/°C max (KM grade) over the full spec- 
ification range. This is in contrast to some references 
which guarantee drift over a limited portion of their 
specification temperature range. The REFlOl 
achieves its precision without a heater. This results in 
low quiescent current (4.5mA typ), fast warm-up 
(1msec to 0.1%), excellent stability (50ppm/ lOOOhrs 
typ), and low noise (25/x V, p-p max, 0. 1 Hz to lOHz). 
The output can be adjusted with minimal effect on 
drift or stability. Additionally, the REFlOl contains 
a matched pair of user-accessible precision 20kn 
resistors which are useful in a variety of applications. 
Single supply operation over 13.5V to 35V supply 
range and excellent overall specifications make the 
REFlOl an ideal choice for the most demanding 
applications such as precision system standards, 
D/ A and A/ D references, transducer excitation etc. 



International Airport Industrial Park - P.O. Box 11400 - Tucson. Arizona 85734 - Tel. |602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP • Telex: 66-6491 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25°C and +15VDC power supply unless otherwise noted. 



NOTES. 

1 . Trimming the offset voltage will affect the drift slightly. See Installation and 
Operating Instructions for details. 

2. The "box method" is used to specify output voltage drift vs temperature. See the 
Discussion of Performance section. 



MECHANICAL 



PARAMETER 


CONDITION 


REF101JM/KM/RM/SM 


UNITS 


MIN 


TYP 


MAX 


OUTPUT VOLTAGE 












Initial 


Ta = +25°C 


9 995 


10 000 


10.005 


V 


Trim Range(i) 




-0.100 




+0 250 


V 


vs Temperature(2) 












KM 


(PC to +70OC 






1 


ppm/oQ 


JM 


0°Cto+70oC 






2 


ppm/^C 


SM 


-550c to +1 250c 






3 


ppm/°C 


RM 


-55oCto+125°C 






6 


ppm/^C 


vs Supply (line regulation) 


Vcc = 13 5to35V 




001 


002 


%/V 


vs Output Current 












(load regulation) 


lL = 0to±10mA 




001 


0.002 


%/mA 


vs Time 


Ta = +25<'C 




50 




ppm/IOOOhrs 


NOISE 


0.1Hz to IOH2 




6 


25 


//Vp-p 


OUTPUT CURRENT 


Source or Sink 


±10 






mA 


INPUT VOLTAGE RANGE 




13.5 




35 


V 


QUIESCENT CURRENT 


lOUT = 




4.5 


6 


mA 


WARM-UP TIME 


To 01% 




10 




^sec 


UNCOMMITTED RESISTORS 












Resistance 






20 




kn 


Match 






±0.01 


±0.05 


% 


TOR 






50 




ppm/°C 


TOR Tracking 






2 




ppm/^C 


TEMPERATURE RANGE 












Specification 












JM. KM 









+70 


°C 


RM.SM 




-55 




+125 


°C 


Operating 












JM.KM 




-26 




+85 


°C 


RM.SM 




-55 




+125 


°C 


Storage 




-65 




+125 


oc 



tu 



TO-99 PACKAGE 




"73 



NOTE- 

Leads in true position within 0.010" 

(0.25mm) R at MMC at seating plane 

Pin numbers shown for reference only 
Numbers not marked on package. 

Pin material and plating composition 
conform to Method 2003 (solderabilityi 
of MIL-STD-883 (except paragraph 3.2) 



DIM 


INCHES 


MILLIMETERS j 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


8 


305 


335 


7 75 


8 51 


c 


165 


185 


4 19 


4 70 


D 


016 


021 


041 


53 




010 


040 


25 


1 02 


F 


010 


040 


02s 


1 02 


G 


200 BASIC 


5 08 BASIC 1 


H 


028 


034 


071 


86 


J 


029 


045 


74 


1 14 


K 


500 




12 7 




L 


110 


160 


2 79 


4 06 


M 


45° BASIC 


45° BASIC 1 


N 


095 1 105 


241 1 267 



WEIGHT: 1 gram " 
ORDER: REF101JM. REF101KM 
REF101RM.REF101SM 
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Basic Model Number 

Performance Grade Code- 
J. K-25«>Cto+850C 
R,S-55oCto+125°C 

Package Code 

TO-99 



ABSOLUTE MAXIMUM RATINGS 



Input Voltage 


40V 


Power Dissipation at +25<>C ..... 


200mW 


Operating Temperature Range 




REF101JM/KIVI 


.-25oCto+85°C 


REF101RM/SM 


-55°Cto+125°C 
-65°Cto+125°C 


Storage Temperature Range 


Lead Temperature (soldering, 10sec) +300oC | 


Short-circuit Protection at -Has^C 




To Common or -H1 5VDC 


Continuous 



PIN CONFIGURATION 




(TOP VIEW) 



.FEEDBACK 



20kftt OPTIONAL 
VOLTAGE 
TRIM 
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REFlOl 3)- 
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:^ 



VOLTAGE 
ADJUST 



*10V 
p 



*Se8 Output Voltage Adjustment vs R3 Curve. 



NOISE TEST CIRCUIT 



OPTIONAL OUTPUT VOLTAGE FINE ADJUSTMENT CIRCUIT. 



TYPICAL PERFORMANCE CURVES 



TYPICAL REF101 NOISE 



TYPICAL HEATED ZENER NOISE 





MlliilP'-' 



Low Frequency Noise 
(see Noise Test Circuit) 



Low Frequency Noise 
(see Noise Test Circuit) 



RESPONSE TO THERMAL SHOCK 
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THEORY OF OPERATION 

The following discussion refers to the diagram on the first 
page. 

In operation, approximately 6.3V is applied to the 
noninverting input of op amp Ai by zener diode DZi. 
This voltage is amplified by Ai to produce the lO.OOV 
output. The gain is determined by Ri and R2: G = (Ri + 
R2)/ Ri. Ri dnd R2 are actively laser-trimmed to produce 
an exact lO.OOV output. The zener operating current is 
derived from the regulated output voltage through R3. 
This feedback arrangement provides closely regulated 
zener current. R3 is actively laser-trimmed to set the zener 
current to a level which results in low drift at the output of 
Ai . The adjustment of output voltage and zener current is 
interactive and several iterations may be used to achieve 
the desired results. R4 allows user-trimming of the output 
voltage by providing for a small external adjustment of 
amplifier gain. Since the TCR of R4 closely matches the 
TCR of the gain setting resistors, the voltage trim has 
minimal effect on the drift of the »-eference. 



DISCUSSION OF 
PERFORMANCE 

The REFlOl is designed for applications requiring a 
precision voltage reference where both the initial value at 
room temperature and the drift over temperature are of 
importance to the user. Two basic methods of specifying 
voltage reference drift versus temperature are in common 
usage in the industry — the "butterfly method" and the 
"box method". Neither of these methods is entirely 
satisfactory in cases where the drift versus temperature is 
relatively nonlinear as is the case with most voltage 
references. The REFlOl is specified with the more 
commonly used box method. The "box" is formed by the 
high and low specification temperatures and a diagonal, 
the slope of which is equal to the maximum specified 
drift. 

For the REFlOl each J and K unit is tested at temp- 
eratures of 0°C, +25°C, +50°C, and +70°C and each R 
and S unit is tested at -55°C, -25°C, 0°C, +25°C, +50°C, 
+75°C, + 1 00°C and -I- 1 25°C. The minimum and maximum 
test voltages must meet this condition. 

[ (VoUT max - VoUT min, 
1 high ~ 1 low 



:)/10V 



X 10 < drift specification 



This assures the user that the variations of output voltage 
that occur as the temperature changes within the spec- 
ification range Tiow to Thigh will be contained within a box 
whose diagonal has a slope equal to the maximum 
specified drift. Since the shape of the actual drift curve is 
not known, the vertical position of the box is not exactly 
known either. It is, however, bounded by Vupper Bound and 

VLower Bound (SCC FigUrC 1). 

Figure 1 uses the REFlOl KM as an example. It has a 
drift specification of lppm/°C maximum and a spec- 



ification temperature range of 0°C to -l-70°C. The "box" 
height (Vi to V2) is 700/LtV and upper bound and lower 
bound voltages are a maximum of 700/iV away from the 
voltage at +25X. 
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FIGURE 1. REFlOl KM Output Voltage Drift. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

BASIC CIRCUIT CONNECTION 

Figure 2 shows the proper connection of the REFlOl . To 
achieve the specified performance, pay careful attention 
to layout. A low resistance star configuration will reduce 
voltage errors, noise pickup, and noise coupled from the 
power supply. Commons should be connected as indi- 
cated being sure to minimize interconnection resistances. 



VccS 




NOTE^: 

1 . Lead resistances here of up to a few ohms have negligible effect on performance. 

2. A relatively constant current of approx. 2mA at SOppm/^C flows In this lead. 

1 n In this lead would Introduce about 2mV error (adjustable to zero) with about 
0.1ppm/»C drift at the output. 

3. A resistance of 0.1 n In series with these leads will cause a ImV error when the 
load current is at Its maximum of 10mA. This results In a 0.01% error of 10V. 



FIGURE 2. REFlOl Basic Circuit Connection. 
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OPTIONAL OUTPUT VOLTAGE ADJUSTMENT 

Optional output voltage adjustment circuits are shown in 
Figures 3 and 4. Trimming the output voltage will change 
the voltage drift by approximately 0.01ppm/°C per mV 
of trimmed voltage. In the circuit in Figure 3 any 
mismatch in TCR between the two sections of the 
potentiometer will also affect drift but the effect of the 
ATCR is reduced by a factor of 40 by the internal resistor 
divider. A high quality potentiometer, with good me- 
chanical stability, such as a cermet, should be used. The 
circuit in Figure 3 has a range of approximately +250mV 
to -lOOmV. The circuit in Figure 4 has less range but 
provides higher resolution. The mismatch in TCR 
between Rs and the internal resistors can introduce some 
slight drift. This effect is minimized if Rs is kept 
significantly larger than the 165kn internal resistor. A 
TCR of 100ppm/"C is normally sufficient. 
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FIGURE 3. REFlOl Optional Output Voltage Adjust. 
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FIGURE 4. REFlOl Optional Output Voltage 
Fine Adjust. 



APPLICATION INFORMATION 

High accuracy, extremely-low drift, and small size make 
the REFlOl ideal for demanding instrumentation and 
system voltage reference applications. Since no heater is 
required, low power supply current designs are readily 
achievable. Also the REFlOl has lower output noise and 
much faster warm-up times ( 1 msec to 0. 1 %) than heated 
references, permitting high precision without extra power 
from additional supplies. It should be considered that 
operating any integrated circuit at an elevated temp- 
erature will reduce its MTTF. 

A variety of application circuits are shown in Figures 5 
through 19. 
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FIGURE 5. Precision Reference with Filtering. 
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FIGURE 6. ±10V Reference. 
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FIGURE 7. 4-lOV and +5V Reference. 
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FIGURE 8. Stacked References. 
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FIGURE 9. Digitally-Controlled Bipolar Precision 
Reference. 
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FIGURE 10. +10V Reference with Boosted Output 
Current to 100mA. 




FIGURE 1 1. +10V Reference with Input Voltage Boost 
for 48V Operation. 
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FIGURE 12. Positive Precision 1mA Current Source. 
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FIGURE 13. 4mA to 20mA Precision Current 
Transmitter. 
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FIGURE 14. Precision Voltage Calibrator. 
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At 1 0.0V, the 600n bridge requires 1 &7mA. An 820n resistor connected directiy 
from tlie bridge to the positive suppiy provides the bu\k of the bridge current. The 
REF101 need only suppiy an error current to l(eep the bridge at 10.0V. Since the 
REF101 can sinl( or source up to 10mA, the circuit shown can tolerate supply 
variations of up to 24V. ±8V, or bridge resistance drift from 400n to 1400n. 



FIGURE 15. +10V Reference with Output Current 
Boost Using a Resistor to Drive 
a 600n Bridge. 
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FIGURE 16. Linear Bridge Circuit Using Internal 

Precision Resistors of the REFlOl as the 
Bridge Completion Network. 
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FIGURE 17. ±5V Reference. 
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FIGURE 18. +10V and +20V Reference. 
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FIGURE 19. Bipolar Input Voltage to Frequency 
Converter. 
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FEATURES 

• COMPLETELY FLOATING: 
No Common Connection 

• HIGH ACCURACY: 100^iA±0.5% 

• LOW TEMPERATURE COEFFICIENT: 
±25ppm/°C 

• WIDE VOLTAGE COMPLIANCE: 

2.5V TO 40V 

• ALSO INCLUDES CURRENT MIRROR 



DESCRIPTION 

The REF200 combines three circuit building-blocks on 
a single monolithic chip — two 100|xA. current sources 
and a current mirror. The sections are dielectrically iso- 
lated, making them completely independent. The per- 
formance of each section is individually measured and 
laser-trimmed to achieve high accuracy with low cost. 

The sections can be pin-strapped for currents of SOjiA., 
lOOjiA, 200iaA, 300|iAor400nA. External circuitry can 
be used to obtain virtually any current. These and many 
other circuit techniques are shown in the Applications 
section of this Data Sheet. 

The REF200 is available in plastic 8-pin mini-DIP, TO- 
99, and SOIC packages. Die are also available. 



APPLICATIONS 

• SENSOR EXCITATION 

• BIASING CIRCUITRY 

• OFFSETTING CURRENT LOOPS 

• LOW VOLTAGE REFERENCES 

• CHARGE-PUMP CIRCUITRY 

• HYBRID MICROCIRCUITS 
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SPECIFICATIONS 

ELECTRICAL 

T^ = aS^C, Vg = 15V unless otherwise noted. 





REF200AM, AP, AU 




PARAMETER 


CONDITION 


MIN 


TYP 


MAX 


UNITS 


CURRENT SOURCES 












Current Accuracy 






±0.1 


±0.5 


% 


Current Match 






±0.05 


±0.5 


% 


Temperature Drift 


Specified Temp Range 




25 




ppm/^O 




2.5V to 40V 


20 


100 




Mft 




3.5V to 30V 


200 


500 




MCI 


Noisie 


BW = 0.1Hz to 10Hz 




1 




nAp-p 




f=10kHz 




20 




pA/VHz 


Voltage Compliance (1%) 


^MiNtoT^^ 




See Curves 






Capacitance 






10 




PF 


CURRENT MIRROR 


1 s 100pA unless 
otherwise noted. 










Gain 




0.995 


1 


1.005 




Temperature Drift 






25 




ppmrC 


Impedance (output) 


2V to 40V 


40 


100 




MQ 


Nonlinearity 


UOuA to 250mA 




0.05 




% 


Input Voltage 






1.4 




V 


Output Compliance Voltage 






See Curves 






Frequency Response (-3dB) 


Transfer 




5 




MHz 


TEMPERATURE RANGE 












Specification 












AP, AU. AM 




-25 




+85 


»C 


Operating 












AP.AU 




-40 




+85 


OC 


AM 




-55 




+125 


°C 


Storage 












AP.AU. 




-40 




+125 


••c 


AM 




-60 




+150 


'"C 



AP AND AU 

SPECIFICATIONS 

ARE PRELIMINARY 

AND SUBJECT TO 

CHANGE 



ORDERING INFORMATION 



ABSOLUTE MAXIMUM RATINGS 



Model (^> 


Package 


Temperature 
Range 


REF200AM 
REF200AP 
REF200AU 


TO-99 
Plastic DIP 
Plastic SOIC 


-25«'Cto+85''C 
-25°C to +85°C 
-25«CtO+85''C 


BURN-IN SCREENING OPTION 

See text for details. 


Model <^> 


Package 


Burn-lr» 
Temp(160h)»> 


REF200AM-BI 
REF200AP-BI 
REF200AU-BI 


TO-99 
Plastic DIP 
Plastic SOIC 


+125°C 
+85°C 
+85'>C 



NOTE: (1) Grade designation "A" may not be marked. Absence of grade 
designation indicates A grade. (2) Or equivalent combination of time and 
temperature. See text. 



Applied Voltage 

Reverse Current 

Voltage between any two sections .. 
Operating Temperature 

M Package 

P and U Packages 

Storage Temperature 

M Package 

P and U Packages 



..-«Vto+40V 

-350mA 

±80V 



..-65oCto+150*'C 
....-40*'C to +85''C 



..-65*C to +150*0 
..-40*'pto+125°C 



BURN-IN SCREENING 

Bum-in screening is available on the REF200. Bum-in dura- 
tion is 160 hours at +85**C (+125°C for M package), or at an 
equivalent combination of time and temperature according to 
the Arrhenius equation using leV activation energy. 

All units are tested after bum-in to ensure that grade specifi- 
cations are met. To order bum-in, add "-BI" to the base model 
number. 
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PIN CONFIGURATION 



Top View 





P, U Packages 
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Top View 
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2)ljLow 
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MECHANICAL 



M Package — Metal TO-99 



<. 


A- 


— 




^B- 


—- 


ii. 




t 
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'/HI 
/ n 1 1 


fJ 

K 


Seating 
Plane 




" 


"HF 


D 






INCi^ 


ES 


MILUMETERSI 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


.335 


.370 


8.51 


9.40 


B 


.305 


.335 


7.75 


8.51 


C 


.165 


.185 


4.19 


4.70 


D 


.016 


.021 


0.41 


p.53 


E 


.010 


.040 


0.25 


1.02 


F 


.010 


.040 


0.25 


1.02 


G 


.200 BASIC 


5.08 BASIC 1 


H 


.028 


.034 


0.71 


0.^6 


J 


.029 


.045 


0.74 


1.14 


K 


.500 


_ 


12.7 


— 


L 


.110 


.160 


2.79 


4.06 


M 


45« BASIC 


45» BASIC 


N 


.095 .105 


2.41 1 2.67 



NOTE: Leads in tnie 
position within O.or 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only- 
Numbers may not be 
marked on package. 
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P Package — 8-Pin Plastic DIP 


fe 


^ 






NOTE: Leads In true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 


h Ai H 

P-/| ^'^ 
^^Pin1 




INCH 


ES 


MILU^ 


ETERS 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


.355 


.400 


9.03 


10.16 


Ai 


.340 


.385 


8.65 


9.80 


B 


.230 


.290 


5.85 


7.38 


Bi 


.200 


.250 


5.09 


6.36 


C 


.120 


.200 


3.05 


5.09 


D 


.015 


.023 


0.38 


0.59 


F 


.030 


.070 


0.76 


1.78 




r--* 


1 


G 


.100 BASIC 


2.54 BASIC 




t-'^ 
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.025 


.050 


0.64 


1.27 




f\ 


^■D ^Seating 
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.008 
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0.20 


0.38 
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1. 
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MECHANICAL 



U Package — 8-Pin SOIC 
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Pin1 -J l*-H 
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INCHES 


MILLIMETERS 1 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


.185 


.201 


4.70 


5.11 


Ai 


.178 


.201 


4.52 


5.11 


B 


.146 


.162 


3.71 


4.11 


Bi 


.130 


.149 


3.30 


3.78 


C 


.054 


.145 


1.37 


3.69 


D 


.015 


.019 


0.38 


0.48 


G 


.050 BASIC 


1.27 BASIC 1 


H 


.018 


.026 


0.46 


0.66 


J 


.008 


.012 


0.20 


0.30 


L 


.220 


.252 


5.59 


6.40 


M 


0° 


10° 


0° 


10° 


N 


.000 


.012 


0.00 


0.30 



NOTE: Leads in true 
position within 0.01 " 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 



TYPICAL PERFORMANCE CURVES 



T^ = +25°C, Vg = +15V unless othenwise noted. 
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TYPICAL PERFORMANCE CURVES 



T^ » +25°C, Vg « +15V unless otherwise noted. 
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APPLICATIONS INFORMATION 

The three circuit sections of the REF200 are electrically 
isolated from one another using a dielectrically isolated fab- 
rication process. A substrate connection is provided (pin 6), 
which is isolated from all circuitry. Still, this pin should be 
connected to a defined circuit potential to assure that rated 
performance is achieved. The preferred connection is to the 
most positive constant potential in your system. In most 
analog systems this would be +Vg. 

Although sections of the REF200 may be left unconnected, 
they should preferably be connected to ground or the positive 
power supply. Connect one or all terminals of an unused 
section to an appropriate node. 

Drift performance is specified by the "box method," as illus- 
trated in the Current vs Temperature plot of the typical 
performance curves. The upper and lower current extremes 
measured over temperature define the top and bottom of the 
box. The sides are determined by the specified temperature 
range of the device. The drift of the unit is the slope of the 
diagonal— typically 25ppm/°C from -25*'C to +85°C. 

If the current sources are subjected to reverse voltage, a pro- 
tection diode may be requhed. A reverse voltage circuit model 
of the REF200 is shown in the Reverse Current vs Reverse 
Voltage Curve. If reverse voltage is limited to less than 6V or 
reverse current is limited to less than 350fiA, no protection 
cu-cuitry is required. A parallel diode (Figure 2a) will protect 
the device by limiting the reverse voltage across the current 
source to approximately 0.7V. In some applications, a series 
diode may be preferable (Figure 2b) because it allows no 
reverse current. This will, however, reduce the compliance 
voltage range by one diode drop. 

Applications for the REF200 are limitless. A collection of 
circuits is shown to illustrate some techniques. 
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FIGURE 1. Simplified Circuit Diagram. 
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FIGURE 2. Reverse Voltage Protection. 




FIGURE 3. 50|iA Current Source. 
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HGURE 4. 200mA, SOOmA, and 400iaA Hoating Current Sources. 
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HGURE 5. 50|jA Current Sinks. 
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FIGURE 6. Improved Low- Voltage Compliance. 



FIGURE 7. lOOjoA Current Source— 80V Compliance. 
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by FET breal«Jown. 
High 



-Vs (b) Compliance to Wg - 5 V. 



IN4148 iN4148 




4oi<i2 s i: 0-oihf 



0.01 nF: 




lOOpA 
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O- <40kQ 



Q 



IOOmA 



(c) Floating 200mA 
current source. 



IN4148 



IN4148 (d) Bidirectional 200mA 

cascoded current source. 



NOTES: 

(1) FET cascoded current sources offer Improved output Impedance and high frequency operation. Circuit in (b) also provides improved PSRR. 

(2) For current sinks (Circuits a & b only), invert circuits and use "N" channel J FETS. 



FIGURE 8. FET Cascode Circuits. 
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Note:(1) For N Op Amps, use Potentiometer Resistance » N .100A. 



FIGURE 9. Op Amp Offset Adjustment Circuits. 
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FEATURES: 

(1) Adjustable to values above or 

below current reference value. 



Examples: 
NR R U 
lOOn 10MQ in A* 
lOka 1mQ IpA 
lOka IkQ 1mA 
*UseOPA128 0pAmp 



IOOmA 
Reference 



Io=Nx100mA 




lo» N X lOOnA 



(a) 



(b) 



CM 
LL 
LU 
IT 



lOOnA 



0.01 jiF: 




FEATURES: 

(1) Zero volts shunt compliance. 

(2) Adjustable only to values above 
reference value. 

NOTE: 

Cunrent source/sink swing to the 
"Load Retum" rail is limited only 
by the op amps input common 
mode range and output swing ca- 
pability. Voltage drop across "R" 
can be tailored for any amplifier to 
allow swing to zero volts from rail. 

Examples: 

R NR l^ 



I(, = (N + 1)100mA| 



0.01 ^F 



1i(a 4kQ SOOmA 
Ika 9ka 1mA 
lOOWi 9.9ka 10mA 




(c) 



= (N + 1)100nA 



Io = (N + 1)100mA 



(d) 



lOOpA 
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0.01MF SnR 



T 



Iq = lOO^A (N + 1). Compliance « 
3.6V with 0.1V across R^Max 1^ 
limited by FET. For 1^ = 1A, R = 
0.iaNR = 1kfi. 



(e) 



FIGURE 10. Adjustable Current Sources. 
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FIGURE 11. RTD Excitation With Three Wire Lead Resistance Compensation. 
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FIGURE 12. Precision Triangle Waveform Generator. 
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FIGURE 13. Precision Duty-Cycle Modulator. 
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UAF11 
UAF21 



UNIVERSAL ACTIVE FILTERS 



FEATURES 

• SAVES DESIGN TIME 

User-tuneable frequency, Q-factor, gain 
Calculate only three resistance values 
Design directly from this data sheet 
Completely characterized parameters 

• IMPROVED PERFORMANCE 

Wide frequency ranges 

UAF1 1-0.001 Hz to 20kHz 

UAF21-0.001Hzto200l(Hz 

1% frequency accuracy 

Q range of 0.5 to 500 

Reliable hybrid construction 

NPO capacitors and thin-film resistors 



DESCRIPTION 

The UAFll's and UAF2rs are low cost universal 
active filters. These versatile units can easily be 
tailored to any active filter application using the 
extensive information provided in this data sheet. 
UAF's are excellent choices for use in communi- 
cations equipment, test equipment (engine analyzers, 
aircraft and automotive test, medical test, etc.), servo 
systems, process control equipment, sonar and many 
others. 

The UAFl I's and UAF2rs are complete two-pole 
active filters with the addition of four external 
resistors that provide the user easy control of the 



APPLICATIONS 

• FILTER CONFIGURATIONS 
Butterworth 



Chebyschev 

• FILTER FUNCTIONS 
Low pass 
High pass 



Band reject 



Q-factor, resonant frequency and gain. Any complex 
filter response can be obtained by cascading these 
units. Three separate outputs provide low-pass, high- 
pass, and bandpass transfer functions. A band-reject 
(notch) transfer function may be realized simply by 
summing the high-pass and low-pass outputs. 
Since these UAF's are so versatile and flexible, they 
can be stocked by the user in quantity for use as 
building blocks whenever the requirement arises. 
This means instant availability and the UAF pur- 
chases may be made in volume to take advantage of 
quantity price discounts. 
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SPECIFICATIONS 

ELECTRICAL 

Typical at -l-25°C and with rated supply unless otherwise noted. 



MECHANICAL 



MODEL 


UAF11 


UAF21(i) 


UNITS 1 


INPUT 1 


Input Bias Current 


±100 


±15 


nA 


Input Voltage Range 


±10 


±10 


V 


Input Resistance 


100k 


100k 


n 


TRANSFER CHARACTERISTICS | 


Frequency Range (to) 


001 to 20k 


001 to 200k 


Hz 


fo Accuracy(2) 


±1 


±1 


% 


to Stability(3) (over temp range) 


±0.005 


±0.005 


%/OC 


Q Range(4) 


5 to 500 


5 to 500 


~ 


Q Stability(5) 








atfoQ^104 


±0 025 


±0 01 


%/°C 


atfoQ^IOS 


±0 1 


±0 025 


%/°c 


Gam Range 


1 to 50 


1 to 50 


~ 


OUTPUT 1 


Slew Rate 


06 


60 


V/Msec 


Peak-to-Peak Output Swmg(6) 








fo^ 10kHz 


20 


20 


V 


fo < 20kHz 


10 


20 


V 


fo^ 100kHz 


2 


20 


V 


Output Offset 








(at low-pass output with unity gam) 


±10 


±10 


mV 


Output Impedance 


2 


10 


n 


Noise(7) 


200 


200 


/nV, rms 


Output Current(8) 


10 


10 


mA 


POWER SUPPLIES 1 


Rated Power Supplies 


±15 


±15 


V 


Power Supply Range(9) 


±5 to ±18 


±5 to ±18 


V 


Supply Current at ±15V (Quiescent) 


±12, max 


±12, max 


mA 


TEMPERATURE RANGE | 


Specification: Epoxy 


-25 to +85 


-25 to +85 


"C 


Storage. Epoxy 


-40 to +85 


-40 to +85 


»c 



EPOXY PACKAGE 

NOTE 

Leads in true position within 10" 
25mm i R at MMC at seating plane 

ORDER NUMBER 

UAF11 

UAF21 

WEIGHT 3 4 Grams 

CONNECTOR 

0145MC 



Denotes Pin 1 



Ei[ 



rT 
c 



Pin numbers shown for 
reference only 
Note 1 ^ Numbers may not be 
marked on package 



If " 



Note 1 Pin 
presence optional 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


790 


810 


20.07 


20,67 


B 


490 


510 


12 46 


12.9B 


c 


.190 


.260 


4.83 


6.60 


D 


.018 


.021 


46 


53 


G 


100 BASIC 


2 54 BASIC 1 


H 


.080 


.115 


2 03 


2 92 


K 


130 


300 


3 30 


7 62 


L 


.300 BASIC 


7 62 BASIC 


R 


080 1 115 


2 03 I 2 92 



CM 



IL 

< 
3 



NOTES 

1 The UAF21 includes two internal 002mF power supply capacitors 

2 Repeatibility of fo using O 1% frequency determining resistors 

3 T C R of external frequency determining resistors must be added to this figure 

4 Derated 50% from maximum - see Typical Performance Curves 

5 Q stability varies with both the value of Q and the resonant frequency fo 

6 Low-pass output - see Typical Performance Curves 

7 Measured at the bandpass output with Q = 50 over DC to 50kHz 

8 The current required to drive Rfi and Rf2 (external) as well as Ci and C2 must come from 
this current 

9 For supplies below ±10\/, max will decrease slightly, filters will operate below ±5V 



(0 

o 

o 

z 
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U. 

5 
o 

DC 

O 

O 
O 



PIN CONNECTIONS 


Pm 1 High-Pass Output 


Pm 8 Frequency Adjust 


Pin 2 Optional Pin 


Pm 9 -Supply 


Pm 3. Bandpass Output 


PinIO Frequency Adjust 


Pm 4 Q Adjust Point 


Pm 11 Optional Pm 


Pm 5 Common 


Pm 12 Input 1 


Pm 6 +Supply 


Pin13 Input 2 


Pm 7 Low-Pass Output 


Pm 14 Input 3 
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TYPICAL PERFORMANCE CURVES 




QMAX VS RESONANT FREQUENCY 
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2 3 4 5 6 78 10 15 20 30 40 60 80 100 
UAF11 
10 20 30 40 60 80100 200 300 400 600 1000 

UAF21 
Frequency (kHz) 



100 Ik 10k 100k 

UAF11 
Ik 10k 100k 1M 

UAF21 
Resonant Frequency i Hz . 



APPLICATIONS INFORMATION 

TRANSFER FUNCTION 

The U AF2 1 uses the state variable technique to produce a 
basic second order transfer function. The equation 
describing the three outputs available are: 

Alpcoq 



TABLE I. Useful References. 



T( Low-Pass) = 

T( Bandpass) = 

T( High-Pass) = 
where Wo = 27rfo. 



s' + (coo/Q)s + a>o 
AbpCcoo/ Q)s 

s' + (£Oo/Q)s + a>o' 

Ahp s^ 
s' + (a>o/Q)s + a>o' 



1 Tobey, Gene, et al, O perational Amplifiers . Desi g n and A p plications , 
Chapter 8, McGraw-Hill Book Company, 1971 

2 Wong, Yu Jen, and William Ott Function Circuits ' Des ign and 
Ap plications , Chapter 6, McGraw-Hill Book Company, 1976 

3 Daniels, Richard W Ap proximation Methods for Electronic Filter 
Design, McGraw-Hill Book Company, 1974 

4 Zyerev, Anatol I Handbook of Filter Synthesis , John Wiley and Sons, 
1967 

5 Temes, GaborC ,andSanjitK Mitra Modern Filter Theory and Desi gn, 
John Wiley and Sons, 1973 



To obtain band reject characteristics the low-pass and 
high-pass outputs are summed to form a pair of jco axis 
zeros: 

A (s' + a>o') 
T( Band- Reject) =-^ — r 

^ s' + (o>o/Q)s + a)o 

where Alp = Ahp = A. 

The state variable approach uses two op amp integrators 
and a summing amplifier to provide simultaneous low- 
pass, bandpass and high-pass responses. One UAF is 
required for each two poles of low-pass or high-pass 
filters and for each pole-pair of bandpass or band-reject 
filters. 

DESIGN PROCEDURE SUMMARY 

These procedures give the design steps for the proper 
application of a UAF and for the selection of the external 
components. More detailed information on filter theory 
pertinent to some of the steps can be found in the 
reference sources listed in Table L 



Burr-Brown also manufactures a line of completely self- 
contained active filters called the ATF76 series. These are 
available in most popular transfer functions with from 
2- to 8-pole responses. They contain all necessary com- 
ponents and do not require any user design effort. 

DESIGN STEPS 

1 . Choose the type of function (low-pass, bandpass, etc.), 
type of response (Butterworth, Bessel, etc.), number of 
poles, and cutoff frequency based on the particular 
application. 

If the transfer function is band-reject see Band-Reject 
Transfer Function before proceeding to step 2. 

2. Determine the normalized low-pass filter parameters 
(fn and Q) based on the type of response and number of 
poles selected in step 1. See Normalized Low-Pass 
Parameters. 

3. If the actual response desired is low-pass go to step 4. 
For other responses a transformation of variables 
must be made (low-pass to bandpass or low-pass to 
high-pass). See Low-Pass Transformation. 
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4. Determine the actual (denormalized) cutoff frequency, 
fo, by multiplying fn by the actual desired cutoff 
frequency. See Denormalization of Parameters. 

5. Pick the desired UAF configuration (noninverting, 
inverting or bi-quad). See Configuration Selection 
Guide and UAF Configurations and Design Equations. 

6. Decide whether to use design equations "A" or "B'\ 
See Design Equations "A" and "B'\ 

7. Calculate Rpi and Rf2. See Natural Frequency and 
UAF Configurations and Design Equations. 

8. Determine Qp. See Qp Procedure. 

9. Select the desired gain for each UAF and calculate the 
corresponding Rg and Rq. See Gain (A) and UAF 
Configurations and Design Equations. 

BAND-REJECT TRANSFER FUNCTION 

The band-reject is achieved by summing the high-pass 
and low-pass UAF outputs. Either of the configurations 
in Figures 2 and 3 can be used to provide the band-reject 
function if they are used as shown in Figure 1 . 

The 15kn resistor is adjusted for maximum rejection. 
The circuit in Figure 3 is applicable when using design 
equations "A" (Alp = Ahp). When design equations "B" 
are used (Alp = IOAhp), the resistor at pin 7 must be 10 
times the resistor at pin 1 to obtain equal pass-band gains 
above and below fn. 

In either case, the four external UAF resistors (Rg, Rq, 
Rfi and Rf2) should be calculated for fo and Q of the 
band-reject filter desired and for Alp to equal the desired 
pass-band gain. An input constraint is that the input 
voltage times Abp must not exceed the rated peak-to-peak 
voltage of the bandpass output, or clipping will result. 



Input 
Signal 



UAF with Four 
External Resistors 



lOkn 



lOkn 




FIGURE 1. Band-Reject Configuration. 

NORMALIZED LOW-PASS PARAMETERS 

Usual active filter design procedure involves using normal- 
ized low-pass parameters. Table II is provided to assist in 
this step for the more common filter responses. Table III 
is a FORTRAN program which allows fn and Q to be 
calculated for any desired ripple and number of poles for 
the Chebyschev response. Program inputs are the number 
of poles (N) and the peak-to-peak ripple (R). Program 
outputs are fn and Q, which are used exactly as the values 
taken from Table II. 



TABLE n. Low-Pass Filter Parameters. 






Number 
of Pole! 


Butterworth 


Bessel 


Chebysev | 


5 dS Ripple 


2dBR.pple 1 


fndi b 


fnd) 


Q 


fn(2) 


6 


fn(2) 


Q 


2 


10 


7071 1 


1 2742 


57735 


1 23134 


86372 


907227 


1 1286 


3 


10 


-. 


1 32475 


_ 


626456 


_ 


368911 


_ 




10 


10 


144993 


69104 


1 068853 


17062 


941326 


2 5516 


4 


1 


54118 


1 43241 


52193 


597002 


70511 


470711 


9294 




10 


13065 


1 60594 


80554 


1 031270 


2 9406 


963678 


4 59388 




1 




1 50470 


.. 


362320 




218308 


_ 


5 


1 


61805 


1 55876 


56354 


690483 


1 1778 


627017 


177509 




10 


1 61812 


1 75812 


91652 


1 017735 


4 5450 


97579 


7 23228 




10 


51763 


160653 


51032 


396229 


68364 


31611 


9016 


6 


10 


70711 


1 69186 


61120 


768121 


18104 


730027 


2 84426 




10 


1 93349 


190782 


10233 


1011446 


6 5128 


982828 


10 4616 




10 




1 68713 


_ 


256170 


- 


155410 


- 




10 


55497 


1 71911 


53235 


503863 


10916 


460853 


164642 


7 


10 


80192 


1 82539 


66083 


822729 


2 5755 


797114 


4 11507 




10 


2 2472 


2 05279 


1 1263 


1 008022 


8 8418 


987226 


14 2802 




10 


50980 


1 78143 


50599 


296736 


67658 


237699 


89236 


8 


10 


60134 


1 85314 


55961 


598874 


16107 


671925 


2 5327 


10 


89998 


195645 


71085 


861007 


3 4657 


842486 


5 58354 




1 


2 5629 


2 19237 


1 2257 


1 005984 


1 1 5308 


990142 


18 6873 



1 -3d B frequency 

2 Frequency at which amplitude response passes through the npple band. 

TABLE III. Low-Pass Chebyschev Program. 



Pl=3.1 41 5926536 

COMPLEX P(10) 

READ 5, N. R 
5 FORMAT (I2,F8 6) 

A=SQRT(EXP(R/4 3429448 )-1 ) 

B=1/A 

AN=ALOG(B+SQRT( 8**2.1 )) 

AN=AN/FLOAT(N) 

J=MOD(N, 2)+N/2 

DO10K=1,J 

RP=SINH(AN)*SIN(PrFLOAT(2*K-1)/FLOAT(2*N)i 

XiP=COSH(AN)*COS(PI*FLOAT(2*K-1)/FLOAT(2*N)) 

WN=SQRT(RP**2+XIP**2) 

Q=-WN/(2*RP) 

P(K)=CMPLX(WN.Q) 

IF(MOD(N,2).NE AND K EQ J)GO TO 15 

PRINT 20, P(K) 

GO TO 10 
15 F=REAL(P(K)) 

PRINT 30, F 
10 CONTINUE 

20 FORMAT (2X"FN="E20 8"Q="E20 8 
30 FORMAT (2X"FN = "E26 8) 

STOP 

END 



NOTE Language variations between 
computers may require modification 
of this program 



Note that for bandpass and high-pass filters complex 
conjugate pole pairs in the actual filter correspond to 
single poles in the normalized low-pass model. Thus four 
poles in Table II would correspond to four-pole pairs in a 
bandpass or high-pass filter. 

Filters with an odd number of poles show one fn with no 
corresponding Q value. This represents a simple RC 
network that is required for odd pole filters. This RC 
network with a cutoff frequency equal to fn times the 
overall filter cutoff frequency should be placed in series 
with the first UAF two-pole section. An external op amp 
and RC network can be used for this purpose. 
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The cutoff frequency determined by the Table II filter 
parameters is (1) the -3dB frequency of the Butterworth 
response and of the Bessel response and (2) the frequency 
at which the amplitude response of the Chebyschev filters 
passes through the maximum ripple band (to enter the 
stop band). 

LOW-PASS TRANSFORMATION 

Low-Pass to High-Pass 

The following simple transformation may be used for 
high-pass filters: j 

fn (high-pass) = f„ (low-pass) 
Q (high-pass) = Q (low-pass) 
Low-Pass to Bandpass 

The low-pass to bandpass transformation to generate fn 
(bandpass) and Q (bandpass) is much more complicated. 
It is tedious to do by hand but can be accomplished with 
the FORTRAN program given in Table IV. This program 
automates the tranformation 

s = p/2± V(p/2)'-l. 

TABLE IV. Low-Pass to Bandpass Transformation 
Program. 



COMPLEX P.S.U 

READ 5. FN. Q, QBP 
5 FORMAT (3F12.5) 

Y=FN*SQRT( 1 .-1 ( ./(Q*2. ) ) "2 ) 

X=-FN/Q*2.) 

P=CMPLX(X,Y) 

U=CONJG(P) 

DO 30 1=1 .2 

S=P/(2*QBP) 

P=S"2-1 

T=ATAN2(AIMAG(P),REAL(P)) 

IF(T.GE.0.)GOTO10 

T=2.*3.14159+T 
10 T=T/2. 

A=SQRT(CABS(P))*COS(T) 

B=SQRT(CABS{P) )*SIN(T) 

S=S+CMPLX(A,B) 

FN=CABS(S) 

Q=-FN/{2.*REAL(S)) 

PRINT 20.FN.Q 
20 FORMAT (2X"FN="F12.5"Q="F12 5) 

IF(AIMAG(U) EQ.0.)GO TO 40 

30 P=U 

NOTE. Language variations between 

40 STOP computers may require modification 

END of this program. 



Program Inputs 

1. fn - From Table II for the low-pass filter of interest 

2. Q - From Table II 

3. Qbp - Desired Q of the bandpass filter 

For filters with an odd number of poles a Q of 0.5 should 
be used where Q is not given in Table II. Enter 10^ for Q 
when transforming zeros on the imaginary axis. 
The program transforms each low-pass pole into a 
bandpass pole pair. Thus a three-pole low-pass input. 



would result in the pole positions for a three-pole pair 
bandpass filter requiring three UAF stages. 

DENORMALIZATION OF PARAMETERS 

Table II shows filter parameters for many 2- to 8-pole 
normalized low-pass filters. The Q and the normalized 
undamped natural frequency, fn for each two-pole section 
are shown. The Q values do not have to be denormalized 
and may be used directly as described in the Design 
Procedure Summary, fn must be denormalized by multi- 
plying it by the desired cutoff frequency of the actual 
overall filter to obtain the required frequency, fo for the 
design formulas. As an example, consider a 4-pole low- 
pass Bessel filter with a cutoff frequency of lOOOHz. The 
first stage would be designed to an foof 1432.41 Hz and a 
Q of 0.52193 while the second stage would have an fo of 
1605.94Hz and Q of 0.80554. To combine the two stages 
into the composite filter the low-pass output of the first 
stage (pin 9) would be connected to the input resistors 
(Rg) of the second stage. 
CONFIGURATION SELECTION GUIDE 

It is possible to configure the UAF three different ways. 
Each configuration produces features that may or may 
not be desirable for a specific application. The selection 
guide in Table V is given to assist in determining the most 
advantageous configuration for a particular application. 

UAF CONFIGURATIONS AND 
DESIGN EQUATIONS 
Noninverting Configuration 

For applications requiring a bandpass gain of 1 V/ V, the 
internal resistor Rjrmay be used (input at pin 14) as the 
gain resistor Rg; thus, only three external resistors are 
needed to configure the filter. 

To use equations "B" connect an 1 Ikfl resistor between 
pins 12 and 1. Use equations **B" for frequencies above 
8kHz or when Rq from equations "A*' becomes a negative 
value. 

SIMPLIFIED DESIGN EQUATIONS "A" 

f„ < 5kHz (UAFl I) or 50kHz (UAF21) 
I.Rf. = Rf2= I0'/oio=1.59xI0Vfo 

2. Abp = QAlp = QAhp 
3.Rq=10V(2Qp-Abp-1) 

4 R(, = (20p-ABP+l)iaVABP 

SIMPLIFIED DESIGN EQUATIONS "B" 

fo > 5kHz (UAFI 1) or 50kHz (UAF21) 

1 Rfi = Rf2 = 3. 16 X I0*/a>o = 5.03 x lO'/fo 

2 Abp = Q/3.16Alp = 3.16QAhp 

3. Rq=10V(3.48Qp-Abp-1) 

4. R<, = (3.48Qp - Abp + I) \0' I Mp 

Inverting Configuration 

SIMPLIFIED DESIGN EQUATIONS "A" 

fa< 5kHz (UAFI 1) or 50kHz (UAF2I) 
1 Rfi = Rf2 = I0'/(«o = 1.59 X lO^/fo 

2. Abp = Q Alp = Q Ahp 

3. Re. = 10' Qp/ Abp 

4. Rq = 2x10V(2Qp + Abp-1) 
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NONINVERTING INPUT 


INVERTING INPUT 


BI-QUAD 


Outputs Available 


BP. LP and HP 


BP. LP and HP 


BP and LP 


Inverted Outputs 


BP 


HP and LP 


BP and LP 


Q & Gam Independent of 
Frequency Resistors'? 


Yes 


Yes 


No 


Type of Q Variation 
With Changes in Rf 


Constant 


Constant Q 


Constant bandwidth 


Other Advantages 


May be used with only three external 
resistors ( use internal R3 as Rg ) 




Rg and Rq are small at 
high frequencies 


Parameter Limitations 


2Qp-Abp>1 (fo<8kHz) 
3 48Qp-ABP>1 (fo>8kH2) 


2Qp + ABP>1 (fo<8kHz) 
3 480p + Abp > 1 (fo> 8kH2) 


None 


Summary The Bi-Quad filter is particularly useful as a bandpass filter if the filter bandwidth must be kept constant as the center frequency is varied If 
Q must be kept constant ( i.e , constant Q of a bandpass or maintaining constant response of a low-pass or high-pass) one of the other two 
configurations should be used The Bi-Quad also has the advantage that Rg and Rq are smaller than Rg and Rq of the other two 
configurations (this is especially useful at high frequencies ). The noninverting input configuration has the advantage that for Abp = 1 , Rg = 
100kn, therefore R3 (internal) may be used so that only three external resistors are needed (Rfi, Rf2. Rq) 
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FIGURE 2. Noninverting Configuration. 
SIMPLIFIED DESIGN EQUATIONS "B" 

fo > 5kHz (UAFI I) or 50kHz (UAF2I ) 

1. Rfi - Rf2 = 3.16 X IO*/<Wo = 5.03 x lO'/fo 

2. Abp=Qp/3 16=3.160pAhp 

3. R(, = 3.16x10* Qp/ Abp 

4. Rq = 2 X I0'/(3.48Qp + Abp - I) 

BI-QUAD Configuration 

SIMPLIFIED DESIGN EQUATIONS "A" 

f„ < 5kHz (UAFI I) or 50kHz (UAF2I) 
I Rfi = Rf2 = I0'/«»o = 1.59 X IO*/fo 

2. Q Alp = Abp 

3. Rq = QpRfi 

4. Ro = Rq/Abp 

SIMPLIFIED DESIGN EQUATIONS "B** 

f„ > 5kH7 (UAFI I) or 50kH7 (UAF2I) 
I Rfi = Rf2 = 3.16 X IO*/coo = 5.03 x lO^fc 

2. Q Alp = Abp 

3. Rq = 3.I6QpRfi 

4. Rg = Rq/Abp 

Design Equations "A" and "B" 

1 . For fo below 8kHz, either of equations "A" or "B" may 
be used. 

2. For fo above 8kHz, equations "B" must be used. If 
equations "A" were used above 8kHz, the filter could 
become unstable. 

3. Equations "A" are for the U AF as it is supplied. When 
using equations "B", a 1 1 kH resistor must be placed in 
parallel with R2 (between pins 12 and 1). 
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FIGURE 3. Inverting Configuration. 
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FIGURE 4. Bi-Quad Configuration. 

4. The values of Rfi and Rf2 calculated with equations 
"B" are approximately one-third of those calculated 
with equations "A". Thus there may be an advantage 
in using equations "B" at low frequencies. Using 
equations "B" would require use of one more resistor, 
but that would not alter or affect filter performance in 
any manner. 

5. Using the negative gain values for Alp or Ahp or Abp 
could result in the negative values for resistors Rg and 
Rq. So the absolute value of the gain should always be 
used in the equations. 

6. Under some circumstances the value of Rq using 
equations "A" will be negative. If this occurs, use 
design equations "B". 

Natural Frequency ((q) 

1 . fo for each one pole-pair bandpass filte r is the center 
frequency (fc). fc is defined as fc = \/fi^ where fi is the 
lower -3dB point and ii is the upper -3dB point of the 
pole-pair response. 
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To obtain fo below lOOHz using practical resistor 

values, capacitors may be paralleled with C 1 and C2 to 

reduce the size of Rfi and Rf2. If capacitors are added 

in parallel, 

lOOOpF 

Rfi (new) = Rf2 (new) = Rfi (old) 

C + lOOOpF 



where Rf (new) is the new lower value frequency 
resistor, C is the value of the two external capacitors 
placed across CI and C2 (between pins 10 and 3 and 
pins 8 and 7 and Rfi (old) is the value calculated in the 
simplified design equations. 

Q-Factor f„ 

1 . For bandpass filters Q = 3dB bandwidth 

2. When designing low-pass filters of more than two 
poles, best results will be obtained if the two pole 
sections with lower Q are followed by the sections with 
higher Q. This will eliminate any possibility of clipping 
due to high gain ripple in high Q sections. 

Qp Procedure 

1. If the "fo times Q" product is greater than lO"* (or 10^ 
for the U AF2 1 ), it is possible for the measured filter Q 
to be different from the calculated value of Q. This 
effect is the result of nonideal characteristics of 
operational amplifiers. It can be compensated for by 
introducing the parameter Qp into the design equations. 

2. Calculate the fo Q product for the filter. If the product 
is above lO^Hz (or 10' for the UAF21), locate the 
corresponding foQp product on the curve in Figure 5. 
Divide foQ? by fo to obtain Qp. Use Qp as indicated in 
the design equations. For foQ products below 10"^ Hz 
(or 10' for the UAF21), Qp = Q. 
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FIGURE 5. QpDetermination. 

Gain (A) 

1 . The gain (V/ V) of each filter section is: 
Alp - for low-pass output - gain at DC 
Abp - for bandpass output - gain at fo 



Ahp - for high-pass output- gain at high frequencies. 
2. Refer to the Typical Performance Curves for full 
power response. When selecting the gain, insure the 
limits of the curve are not exceeded for the desired 
voltage range. 

DETAILED TRANSFER FUNCTION EQUATIONS 

The following equations show the action of all the 
internal and external UAF filter components. They are 
not required for the regular design procedure but could 
be used if a detailed analysis is required. 



NONINVERTING INPUT CONFIGURATION 

I.a)o^ = R2/(R. RfiCi RF2C2) 
2.Q= I+f 

3. Re=10' + I0'Rq/(10' + Rq) 

4. Q Alp = Q Ahp Ri/ R: = Abp|/R.Ri iC./CR.RnG) 

5. Abp= 10' (2+ iaVRQ)/Ro 



/(R, Rfi Ci RF2C2) 

f/^\ ( -±-\ (I + IO'/Rq) \^K 
(Ro)\R, + R2) y^ R,R,2C2 



INVERTING INPUT CONFIGURATION 

I.COo^ = R2/(R|RfiC,Rf2C2) 

2.Q=Rp(I+2xI0'/Rq)/RfiC,/(R,R2Rf2C2) 

3. Q Alp = Q Ri Ahp/ R2 = Abp^/RiRfiC,/(R2Rf2C2) 

4. Abp =^RiR2Rf2C2/(RfiCi) Q/ Rc. 

5. I/Rp= I/R, + I/R2+I/R0 



BI-QUAD CONFIGURATION 

1.0>o' = R2/(RiRfiC,Rf2C2) 

2. Q = RqC2 «>o 

3. Ai p/(w„Ri 2C2) = Abp = Ry/ R<. 



Offset Error Adjustment 

DC offset errors will be minimized by grounding pin 5 

through a resistor equal to 1 /2 the value of Rfi or Rf2. 

The DC offset adjustment shown here may be used if 

required. 

Offset errors will increase with increases in Rp. 



+Supply 



IMn* 



-Supply 



To pin 8 for bandpass output 
To pin 10 for low-pass or high-pass output 
'May be adjusted for best sensitivity 



Design Example 

It is desired to design a 5-pole Bessel, Low-Pass Filter 
with fo = 3.3kHz and Alp = 1 . We will use the U AFl 1 to 
implement this filter. 

From Table II the following values of fn and Q are 

obtained. 

Complex Poles: 

fn= 1.55876'" 

Q = 0.56354. 

fn= 1.75812' 

Q = 0.91652. 
Simple Pole: 

fn= 1.50470 
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Using the above shown values of fn and Q, we now will 
proceed to design the three stages of filter separately. 

Any one of the three configurations can be used. We will 
select inverting configuration. 

For Stage 1 . 

fo = 3.3kHz X fn = 3.3kHz x 1 .55876 = 5144Hz 

Since f,, >5kHz, equations "B" would be used, thus an 
1 1 kn resistor must be connected between pins 12 and 1 . 

R,, = R,,. 1^=97780 

foQ = 5144 X 0.56354 = 2.9 x lO' 

foQ<10\.-.Qp = Q = 0.56354 



.=a 

3.16 



L A,p = Qy?^^^x 1=0.17834 



3.16 



o ^ 3.l6xl0^Q,> ^ 3.16x10^x0.56354 _ go oc^o 
Ah,. 0.17834 -99.85kn 



2x 10' 



2x 10' 



*^Q ~ 3.48Qp + Abp-1 ~ 3.48 x 0.56354 + 0.17834 -1 = 
175.52kn 

For Stage 2. 

fo = 3.3kHz X fn = 3.3kHz x 1.75812 = 5802Hz 



Since fo >5kHz, equations "B" would again be used, and 
an 1 1 kn resistor would be connected between pins 1 2 and 
1 of the second UAF stage. 

Rn = RF2 = 5:^^= 8669(1 

foQ = 5802 X 0.91652 = 5.32 x lO' 

foCKlO', .-. Qp = Q = 0.91652 

Qp A _ 0.91652 



^"""m^ 



3J6 



X 1 = 0.29004 



^<' = 3.16xlO'Qp = 3.16x10^x0.91652 = 99.86kn 
Abp 0.29004 

2 X 10' 2x10' 

Rg = (3.48Qp-hABP-l) = (3.48 x 0.91652 + 0.29004 -1 ) = 

80.66kn 

For Stage 3. 

f= 3.3kHz X fn = 3.3kHz X 1 .50470 = 4966Hz 



For the simple pole, 

27rf In X 4966 



CM 



a. 
< 

3 



= 3.2049 X 10 



3300pF (or any convenient value) 
3.2049 X 10" 



R = 



3300 X 10' 



= 9.71kn 



9778n 



9778n 



Input Rg 

O — VA- 



99.851(11 
175.53k( 






p^ r^ 



LP 



10 

Stage 1 
5 9 6 
_L'l5V +15V 



99.861(11 



8669n 8669n 



riiL. 

^_£80.66l(fi 



10 
Stage 2 

LP 
5 9 6 



II I 
-15V +15V 



9.711(11 



Stage 3 
K^B3527AM 

/T«.33a0pF 



(0 

o 

H 
O 

Z 
3 
U. 

O 

o 

(D 
O 

-I 
< 

z 
< 



FIGURE 6. Overall Circuit. 
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BURR -BROWN 




UAF41 





UNIVERSAL ACTIVE FILTER 



FEATURES 

• LOW COST 

• SMALL SIZE 

Single wide DIP pacicage 

• FULLY CHARACTERIZED PARAIMETERS 

• HYBRID CONSTRUCTION 

• IWIPROVED PERFORMANCE 

1% frequency accuracy 

Q range of 0.5 to 500 

NPO capacitors and thin-film resistors 

Uncommitted op amp included 



BENEFITS 

• SAVES PRINTED CIRCUIT BOARD SPACE 

• SAVES DESIGN TIME 

Calculate only four resistance values 
Design directly from this data sheet 
Versatile building block for filter design 

• HIOH RELIABILITY 

• HIGH STABILITY 
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DESCRIPTION 



The UAF41 is a versatile two-pole active filter. It uses a 
three operational amplifier double integrator feedback 
loop to generate a complex pole pair (two conjugate 
poles). The location of the poles in the complex plane 
(and thus the natural frequency and Q) are determined by 
external, user supplied resistors. Either three or four 
resistors are used depending on the particular 
configuration chosen. 

The UAF41 produces three transfer functions 
simultaneously - low-pass, high-pass, and bandpass - 
which are available at three separate outputs. The fourth 
basic transfer function - the band-reject or notch - can be 
obtained simply by summing the high-pass and low-pass 
outputs using the uncommitted amplifier (A4) contained 
in the U AF4 1 . The uncommitted op amp can also be used 
to add a single-pole response for complex filters requiring 
an odd number of poles. 



More complex higher-order filters can readily be 
obtained by cascading U AF*s. This is easily done with the 
UAF41 since the high input impedance and low output 
impedance associated with the operational amplifiers 
used prevents the series connected stages from interacting 
(e.g., no frequency pull due to following stage loading). 
This data sheet contains the design procedures for an easy 
selection of resistor values for the stagger tuning of 
cascaded stages. 

The versatility of the UAF41 makes it a general purpose 
building block for a wide variety of active filter 
applications. Its universal nature, ease of use, small size, 
and low cost allows the user the convenience of keeping 
units on hand for immediate use whenever a filter 
requirement arises. 



TRANSFER FUNCTION 



The U AF41 uses the state variable technique to produce a 
basic second order transfer function. The equations 
describing the three outputs available are: 



T( Low-Pass) = 



AlpWo 



s' + (<Wo/Q)s + 0>o^ 



high-pass outputs are summed to form a pair of ja> axis 

zeros: 

A (s^ + coo') 

T( Band- Reject) = -; ; 

s' + (coo/Q) s + a>o' 

where Alp = Ah? = A. 



T( Bandpass) = 



T(High-Pass) = 



Abp {(OoI Q)s 
S^ + (o>o/Q) S + CUo^ 



Ahps' 



s' + (a>o/Q) s-f-coo 
To obtain band-reject characteristics the low-pass and 



The state variable approach uses two op amp integrators 
(A2 and A3 in the simplified schematic below) and a 
summing amplifier (AI) to provide simultaneous low- 
pass, bandpass, and high-pass responses. One UAF41 is 
required for each two poles of low-pass or high-pass 
filters and for each pole-pair of bandpass or band-reject 
filters. 
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FIGURE 1. UAF41 Schematic. 
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SPECIFICATIONS 



ELECTRICAL 



MECHANICAL 



Typical at 25oC and with rated supply unless otherwise noted 



MODEL 


UAF41 1 


INPUT 1 


Input Bias Current 


±40nA 


input Voltage Range 


±10V 


Input Resistance(i) 


50kn 


TRANSFER CHARACTERISTICS | 


Frequency Range (fo) 


0.001Hz to 25kHz 


fo Accuracy(2), max 


±1% 


fo StabilityO) 


±0.002%/«C 


Q Range(4) 


0.5 to 500 


Q Stability{5) 




@ fo Q < 104 


10 01%/oC 


@ fo Q < 105 


±0.025%/oC 


Q Repeatability at fo Q < 105 


±10% 


Gam Range 


1V/Vto50V/V 


OUTPUT 1 


Peak-to-Peak Output Swing(6) 


20V 


Output Off8et(7) 




(at LP. output with unity gam) 


±20mV 


Output Impedance 


in 


Noise(8) 


200mV, rms 


Output Current(9) 


5mA 


UNCOMMITTED AMP CHARACTERISTICS | 


Input Offset Voltage 


5mV 


Input Bias Current 


40nA 


Input Impedance 


IMO 


Large Signal Voltage Gam 


85dB 


Output Current 


5mA 


POWER SUPPLIES 1 


Rated Power Supplies 


±15VDC 


Power Supply Range(io) 


±5VDCto±18VDC 


Supply Current @ ±15V (Quiescent), max 


7mA 


TEMPERATURE RANGE | 


Specification Temperature Range 


-250C to +850C 


Storage Temperature Range 


-25°C to +850C 



NOTES: 

1. For noninverting input configuration with Abp * 1. 

2. The tolerance of external frequency determining resistors must be added 
to this figure. 

3. T.C.R. of external frequency determining resistors must be added to this 
figure. 

4. See Performance Curves for Qmax vs F curve. 

5. Q stability varies with both the value of Q and the resonant frequency fo 

6. See Performance Curves for full power response curve. 

7. Rfi = Rf2 < lOOkn at low-pass output with unity gain. 

8. Measured at the bandpass output with Q @ 50 over DC to 50kHz. 

9. The current required to drive Rn and Rf2 (external) as well as CI and C2 
must come from this current. 

10. For supplies below ±10V, Qmax will decrease slightly; filters will operate 
below ±5V. 



14-Pin Plastic DIP Package 



jeLJija_iij2L£ui 



- Denotes P 




E 



D \— Seating Plane 




NOTE 
Leads in l 
@)MMC a 



vithin 010" ( 25mm) R 



DIM 


INCHES 


MILLIMETERS j 


MIN 


MAX 


MIN 


MAX 


A 


660 


785 


16 76 


19 94 


B 


220 


280 


5 59 


7 11 


C 


_ 


200 


_ 


5 08 


D 


015 


023 


38 


58 


F 


030 


070 


76 


1 78 


G 


100 BASIC 


2 54 BASIC 1 


H ^ 


030 


095 






J 


008 


015 


20 


38 


K 


100 


- 


2 54 


- 


L 


300 BASIC 


7 62 BASIC 1 


M 


_ 


15*" 


- 


15° 


N 


020 


050 


051 


1 27 



ROW SPACING: 7 63mm (0.300") 
WEIGHT 1 1 grams max 



Pm material and plating composition 
conform to method 2003 (solderabillty) 
of MIL-STD-883 (except paragraph 3.2) 



PIN CONNECTIONS 



Pm 


1 - LOW-PASS OUTPUT 


Pin 


2 - FILTER INPUT 3 


Pm 


3 - FILTER INPUT 2 


Pm 


4 - AUXILIARY AMP + INPUT 


Pin 


5 - AUXILIARY AMP - INPUT 


Pm 


6 - AUXILIARY AMP OUTPUT 


Pm 


7 - BANDPASS OUTPUT 


Pm 


8 - FREQUENCY ADJUST 


Pin 


9 - NEGATIVE SUPPLY 


Pm 10 - POSITIVE SUPPLY 


Pmll -COMMON 


Pm 12 - FILTER INPUT 1 


Pm 13 - HIGH-PASS OUTPUT 


Pm 14 - FREQUENCY ADJUST 
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TYPICAL PERFORMANCE 
CURVES 

FULL POWER RESPONSE 
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DESIGN PROCEDURE SUMMARY 

This summary gives the design steps for the proper 
application of UAF41s and for the selection of the 
external components. More detailed information on 
filter theory pertinent to some of the steps can be found in 
the reference sources listed on last page. 

DESIGN STEPS: 

1 . Choose the type of function (low-pass, bandpass, etc.), 
type of response (Butterworth, Bessel, etc.), number of 
poles, and cutoff frequency based on the particular 
application. 

If the transfer function is band-reject see Band-Reject 
Transfer Function before proceeding to step 2. 

2. Determine the normalized low-pass filter parameters 
(fn and Q) based on the type of response and number of 
poles selected in step 1. See Normalized Low-Pass 
Parameters. 

3. If the actual response desired is low-pass go to step 4. 
For other responses a transformation of variables 
must be made (low-pass to bandpass or low-pass to 
high-pass). See Low-Pass Transformation. 

4. Determine the actual (denormalized) cutoff 
frequency, fo, by multiplying fn by the actual desired 
cutoff frequency. See Denormalization of Parameters. 

5. Pick the desired UAF configuration (noninverting, 
inverting or bi-quad) see Configuration Selection 
Guide and UAF41 Configuration and Design 
Equations. 

6. Decide whether to use design equations "A" or **B". 
See Design Equations "A" and "B". 

7. Calculate Rfi and Rf2. See Natural Frequency and 
UAF Configurations and Design Equations. 

8. Determine Qp. See Qp Procedure. 

9. Select the desired gain for each UAF and calculate the 
corresponding Rg and Rq. See Gain (A) and UAF41 
Configurations and Design Equations. 



NORMALIZED LOW-PASS PARAMETERS 

Usual active filter design procedure involves using nor- 
malized low-pass parameters. Table- I is provided to 
assist in this step for the more common filter responses. 
Table II is a BASIC program which allows fn and Q to be 
calculated for any desired ripple and number of poles for 
the Chebyschev response. Consult the reference on. last 
page for other information. 

Note that for bandpass and high-pass filters, complex 
conjugate pole pairs in the actual filter correspond to 
single poles in the normalized low-pass model. Thus four 
poles in Table I would correspond to four-pole pairs 
(eight poles) in a bandpass or high-pass filter. 



< 
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Filters with an odd number of poles show one ft, with no 
corresponding Q value. This represents a simple RC 
network that is required for odd pole filters. This RC 
network with a cutoff frequency equal to fn times the 
overall filter cutoff frequency should be placed in series 
with the first UAF two-pole section. The uncommitted 
internal op amp with an external RC network can be used 
for this purpose. 

TABLE I. Low-Pass Filter Parameters. 



The cutoff frequency determined by the Table I filter 
parameters is (1) the -3dB frequency of the Butterworth 
response and of the Bessel response and (2) the frequency 
at which the amplitude response of the Chebyschev filters 
passes through the maximum ripple band (to enter the 
stop band). A filter that is designed as a low-pass filter 
will not give the corresponding response as a band-pass 
filter. 













CHEBYSCHEV | 


NUMBER 
OF POLES 


BUTTERWORTH 


BESSEL 


0.5dB RIPPLE 


2dB RIPPLE 1 


fn(l) 


Q 


fn(l) 


Q 


fn(2) 


Q 


fn(2) 


Q 


2 


1.0 


0.70711 


1.2742 


0.57735 


1.23134 


0.86372 


0.907227 


1.1286 


3 


1.0 





1.32475 





0.626456 





0.368911 


-, 




1.0 


1.0 


1.44993 


0.69104 


1.068853 


1.7062 


0.941326 


2.5516 


4 


1.0 


0.54118 


1.43241 


0.52193 


0.597002 


0.70511 


0.470711 


0.9294 




1.0 


1.3065 


1.60594 


0.80554 


1.031270 


2.9406 


0.963678 


4.59388 


5 


1.0 





1.50470 





0.362320 





0.218308 







1.0 


0.61805 


1.55876 


0.56354 


0.690483 


1.1778 


0.627017 


1.77509 




1.0 


1.61812 


1.75812 


0.91652 


1.017735 


4.5450 


0.97579 


7.23228 


6 


LO 


0.51763 


1.60653 


0.51032 


0.396229 


0.68364 


0.31611 


0.9016 




1.0 


^ 0.70711 


1.69186 


0.61120 


0.768121 


1.8104 


0.730027 


2.84426 




1.0 


1.93349 


1.90782 


1.0233 


1.011446 


6.5128 


0.982828 


10.4616 


1 7 


1.0 





1.68713 





0.256170 


-r- 


0.155410 







1.0 


0.55497 


1.71911 


0.53235 


0.503863 


1.0916 


0.460853 


1.64642 




1.0 


0.80192 


1.82539 


0.66083 


0.822729 


2.5755 


0.797114 


4.11507 




1.0 


2.2472 


2.05279 


1.1263 


1.008022 


8.8418 


0.987226 


14.2802 


8 


1.0 


0.50980 


1.78143 


0.50599 


0.296736 


0.67657 


0.237699 


0.89236 




1.0 


0.60134 


1.83514 


0.55961 


0.598874 


1.6107 


0.571925 


2.5327 




l.O 


0.89998 


1.95645 


0.71085 


0.861007 


3.4657 


0.842486 


5.58354 




1.0 


2.5629 


2.19237 


1.2257 


1.005984 


11.5305 


0.990J42 


18.6873 



(1) -3 dB I'requency 

(2) l-requency at which aniphtude response passes through the ripple hand. 



NORMALIZED LOW-PASS CHEBYSCHEV 

Table II gives a BASIC program for the determination of 
fn and Q for a general normalized Chebyschev low-pass 
filter of any ripple and number of poles. Program inputs 
are the number of poles (N) and the peak-to-peak ripple 
(R). Program outputs are fn and Q, which are used 
exactly as the values taken from Table I. 



BAND-REJECT TRANSFER FUNCTION 

The band-reject is achieved by summing the high-pass 



and low-pass UAF outputs. Either of the configurations 

in Figures 3 and 4 can be used to provide the band-reject 

function if they are used as shown in Figure 2. 

The ISkn resistor is adjusted for maximum rejection. 

The circuit in Figure 2 is applicable when using design 

equations "A" (Alp = Ahp). When design equations "B" 

are used (Alp — 10 Ahp), the resistor at pin 1 must be 10 

times the resistor at pin 13 to obtain equal pass-band 

gains above and below fn. 

In either case, the four external UAF resistors (Rg, Rq, 

Rfi and Vttn) should be calculated for fo and Q of the 
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band-reject filter desired and for Alp to equal the desired 
pass-band gain. An input constraint is that the input 
voltage times Abp must not exceed the rated peak-to-peak 
voltage of the bandpass output, or clipping will result. 
Note that the band-reject function is suitable only for a 
single UAF section. In a multi-section filter the inputs to 
successive stages are "preconditioned" by the preceding 
stages. 

TABLE II. Low-Pass Chebyschev Program. 

no REM THIS IS A NOPMALIZED LOU-PASS CHEBYSCHEV PROGRAH 

120 REH BY BARRY A. EHRriAN 

130 PRINT -MORMALLIZED CHEBYSCHEV" 

140 PRINT -LDH-PASS FILTER" 

150 PRIHT 

160 PRIHT "BY BARRY A. EHRMAM" 

170 PRIHT 

180 PRIHT 

183 PI-3. 1415927 

190 PRIHT -NUMBER OF POLES?" 

200 INPUT H 

210 PRIHT 

220 PRINT -PEAK-TO -PEAK RIPPLE IN DB?" 

230 INPUT R 

240 PRINT 

250 A«S0R<EXP<RX4.3429448>-1) 

260 B-l/A 

270 AN«L06<B-»-S0R<B'^2*l>> 

280 AM-AHxH 

290 L-IHT<H^2> 

300 J«IHT<<H*1)^2> 

310 FOR K-1 TO J 

32 RP« < <fXP ^AH> -EXP f-AH) > ^2) ♦$ IH <P I ♦ < <2*K> - 1 > x <2»«> > 

330 XIP- < <£yP <AH> ♦EXP <-AH> > y2> ♦COS <PI* < <2*K> -1>/' <2*H> > 

340 WN»S0R<RP''2*XIP^2> 

350 0«WHX<2»RP> 

360 IF LOJ AND K-J THEN 410 

370 PRINT -FN- -«UH 

330 PRIHT -Q • -IQ 

390 PRIHT 

400 GOTO 430 

410 PRINT -FN- -JUH 

420 PRIHT -Q - RC POLE " 

430 NEXT K 

440 END 



HP 



■<Ai 



MOkn 




fiSkn 



r" 



UAF with 
External Rssittors 



Uncommitted Amp 



S:^- 



Output 



lOlcn 



OFFSET ERROR ADJUSTMENT 

DC offset errors will be minimized by grounding pin 3 
through a resistor equal to 1/2 the value of Rfi or Rf2. 
The DC offset adjustment shown here may be used if 
required. 

Offset errors will increase with increases in Rf. 



Supply 



Supply T- 



iMn« 

to pin 14 for bandpata output 

to pin 8 for low-paaa or high-pass output. 

*May be adjusted for beat sensitivity. 



LOW-PASS 
TRANSFORMATION 

LOW-PASS TO HIGH-PASS 

The following simple transformation may be used, for 
high-pass filters: 

f„ (high-pass) = f^(J.p^,,) 

Q (high-pass) = Q (low-pass) 

LOW-PASS TO BANDPASS 

The low-pass to bandpass transformation to generate fn 
(bandpass) and Q (bandpass) is much more complicated. 
It is tedious to do by hand but can be accomplished with 
the BASIC program given in Table III. This program 
automates the transformation 

s = p/2±V(p/2)^-I. 

TABLE III. Low-Pass to Bandpass BASIC Transfor- 
mation Program. (See last page of this 
PDS). 
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PROGRAM INPUTS: 

1 . fn - From Table I for the low-pass filter of interest 

2. Q - From Table I 

3. Qbp - Desired Q of the bandpass filter 

For filters with an odd number of poles a Q of 0.5 should 
be used where Q is not given in Table I. Enter 10^ for Q 
when transforming zeros on the imaginary axis. 
The program transforms each low-pass pole into a 
bandpass pole pair. Thus a three-pole low-pass input, 
would result in the pole positions for a three-pole pair 
bandpass filter requiring three UAF stages. 

DENORMALIZATION OF PARAMETERS 

Table I shows filter parameters for many 2- to 8-pole 
normalized low-pass filters. The Q and the normalized 
undamped natural frequency, fn for each two-pole section 
are shown. The Q values do not have to be denormalized 
and may be used directly as described in the Design 
Procedure Summary. f„ must be denormalized by 
multiplying it by the desired cutoff frequency of the 
actual overall filter to obtain the required frequency, fo 
for the design formulas. As an example, consider a 4-pole 
low-pass Bessel filter with a cutoff frequency of lOOOHz. 
The first stage would be designed to an fo of 1432.41Hz 
and a Q of 0.52193 while the second stage would have an 
fo of 1605.94Hz and a Q of 0.80554. To combine the two 
stages into the composite filter the low-pass output of the 
first stage (pin 1) would be connected to the input 
resistors (Rg) of the second stage. 

DESIGN EQUATIONS "A" AND "B* 

1 . For fo below 8kHz, either of equations ** A" or "B" may 
be used. 

2. For fo above 8kHz, equations "B" must be used. If 
equations **A" were used above 8kHz, the filter could 
become unstable. 

3. Equations "A" are for the UAF as it is supplied. When 
using equations '*B*\ a 5.49kn resistor must be placed 
in parallel with R2 (between pins 12 and 13). 

4. The values of Rfi and Rf2 calculated with equations 
"B" are approximately one-third of those calculated 
with equations "A". Thus there may be an advantage 
in using equation "B" at low frequencies. Using 
equation "B" would require use of one more resistor, 
but that would not alter or affect filter performance in 
any manner. 

5. Using the negative gain values for Alp or Ah? or Abp 
could result in the negative values for resistors Rg and 
Rq. So the absolute value of the gain should always be 
used in the equations. 



When selecting the gain, insure that the limits of the 
curve are not exceeded for the desired voltage range. 

NATURAL FREQUENCY (f^ 

1. fo for each one pole-pair bandpass filter is the center 
frequency (fc). fc is defined as fc = \/fif7 where fi is the 
lower -3dB point and (2 is the upper -3dB point of the 
pole pair response. 

2. To obtain fo below lOOHz using practical resistor 
values, capacitors may be paralleled with C 1 and C2 to 
reduce the size of Rfi and Rf2. If capacitors are added 
in parallel, 

Rfi (new) = Rf2 (new) = Rfi (old) 



lOOOpF 
C + lOOOpF 



where Rf (new) is the new lower value frequency 
resistor, C is the value of the two external capacitors 
placed across CI and C2 (between pins 7 and 8 and 
pins I and 14 and Rfi (old) is the value calculated in 
the simplified design equations. 



Q-FACTOR 

1 . For bandpass filters Q = 



fo 



3dB bandwidth 



2. When designing low-pass filters of more than two 
poles, best, results will be obtained if the two pole 
sections with lower Q are followed by the sections with 
higher Q. This will eliminate any possibility of clipping 
due to high gain ripple in high Q sections. 

3. Q repeatability (Q change from unit-to-unit) is 
typically ±5% for foQ products less than I0^ The Q 
repeatability error increases as the foQ product 
increases to approximately ±10% for foQ products 
near 10^ 

Qp PROCEDURE 

1. If the "fo times Q" product is greater than 10^ it is 
possible for the measured filter Q to be different from 
the calculated value of Q. This effect is the result of 
non-ideal characteristics of operational amplifiers. It 
can be compensated for by introducing the parameter 
Qp into the design equations. 

2. Calculate the foQ product for the filter. If the product 
is above lO'Hz, locate the corresponding foQp product 
in the Performance Curves. Divide foPpby fo to obtain 
Qp. Use Qp as indicated in the design equations. For 
foQ products below 10^ Hz, Qp = Q. 



GAIN (A) 

1. The gain (V/ V) of each filter section is: 
Alp - for low-pass output - gain at DC 
Abp - for bandpass output - gain at fo 

Ahp - for high-pass output - gain at high frequencies. 

2. Refer to Performance Curves for full power response. 
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CONFIGURATION SELECTION GUIDE 

It is possible to configure the U AF41 three different ways. Each configuration 
produces features that may or may not be desirable for a specific application. 
This selection guide is given to assist in determining the most advantageous 
configuration for a particular application. 





NONINVERTING INPUT 


INVERTING INPUT 


Bl QUAD 


Outputs Available 


BP, LP and HP 


BP, LP and HP 


BP and LP 


Outputs Inverted with respect 
to tiie Input 


BP 


HP and LP 


BP and LP 


Q & Gain independent of 
Frequency Resistors? 


Yes 


Yes 


No 


Type of Q Variation 
With Changes in Rp 


Constant Q 


Constant Q 


Constant 
Bandwidth 


Other Advantages 


May eliminate one external 
resistor (use internal R3 as Rq) 




Rg and Rq are 
small at high fre- 
quencies. Easy 
single-supply 
operation. 


Parameter Limitations 


2Qp-ABP>l(Eqns."A") 
3.48 Qp- Abp > 1 (Eqns. "B") 


2Qp + ABP>l(Eqns."A") 
3.48 Op + Abp >1 (Eqns."B") 


No HP 

Output 


Summary: The Bi-Quad filter is particulary useful as a bandpass filter if the filter bandwidth must be kept constant as the 
center frequency is varied. If Q must be kept constant (i.e., constant Q of a bandpass or maintaining a constant response of a 
low-pass or high-pass) one of the other two configurations should be used. The Bi-Quad also has the advantage that Rg and Rq 
are smaller than with the other two configurations (this is especially useful at high frequencies). The noninverting input 
configuration has the Advantage that for Abp = 1, Rg = 50kft; therefore R3 (internal) may be used so that only three external 
resistors are needed (Rfi, Rf2, Rq). For single supply operation of the UAF41 in bi-quad filters, bias pin 3 and pin 11 to 1/2 
+Vcc. 



UAF41 CONFIGURATIONS AND DESIGN EQUATIONS 
NONINVERTING INPUT CONFIGURATION 



SIMPLIFIED DESIGN BQUATIONS "A" 
10' 1.592 X 10' 

1. Rfi = Rf2=137= ?; 

2 Agp = Q Alp= Q A|^p 
S.Ox 10^ Q 



Rg = 



AgpQp 
5 Ox 10* 



Q" AopQp 

SIMPLIFIED DESIGN EQUATIONS "B" t 
Must be used for {q > 8kHz 

ytOx 10* _ 5.033 X 10*^ 



1 R, 



Fi = "^Fa 



Rp, =- 



3 Rg 

4. Ro 



pQp 




13 

SOkn T ^ 

-VA — <► 



SOkn 
"1 



"FI 



7 14 

lOOOpF T Rf2* 



lOOOpF T Rf2* T ^""«*^ ^ 

'' — !' — '' '' — J' — '"^ 



O" 



* Extirnil RMittars 



FIGURE 3. Noninverting Input Configuration. 
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SIMPLIFIED DESIGN EQUATIONS "A" 
10* 1.592 X 10* 



2 Agp = Op Alp = Op Ah 

5.0 X 10* Op 
3. Rr,= : -IE 



Q 2Qp+Abp-I 

SIMPLIFIED DESIGN EQUATIONS "B" t 
Must be used for Tq >8kHz 

■s/Tox 10* _ 5.033 X lo'^ 



1. Kp, = Kp2 = 

Qp 
^- ^BP ''irnT'^LP - 3 16 Op Ahp 



^BP 
5.0 X 10* 
* ^Q = 3.48 Op ♦ Ag, 



SIMPLIFIED DESIGN EQUATIONS "A" 
lo' 1.592 X 10* 



1 Rf|-'*F2-cj7 

2 Agp = Alp 

3 RQ=QpRF, • 

Rq 
4. Rg=7- 

^BP 



SIMPLIFIED DESIGN EQUATIONS "B" t 
Must be used for fo > 8kHz 

yiOx 10* 5.033 X 10"^^ 



i KFI-Kpj- 

2 Abp = 3 16QAlp 
3. RQ=3.16 0pRp, 

4 Rg~ 
^BP 



f« 



INVERTING INPUT CONFIGURATION 




7 Rf2* ^* 



2 h 
M/c soicn 

J- — VA ' 



* 12 R2 lOOOpF lOOOpF 1 

^ a — -VA ' 



"1 



*Extirnal RMistors 



FIGURE 4. Inverting Input Configuration. 
BI-QUAD CONFIGURATION 




"F2* 



12 
Rl 



lOOOpF 



SOka 



13 Rfi* 8 
"2 

-Wv — t 
SOkn 



>ut> t> 



lOOOpF 



*Externil Resistors 



FIGURE 5. Bi-Quad Configuration. 



t To use equations "B" connect a 5.49kft resistor between pins 12 and 13. 
Equations "B" are also valid for frequencies below 8kHz. 



DETAILED TRANSFER FUNCTION EQUATIONS 

The following equations show the action of all the internal and external UAF41 
filter components. They are not required for the regular design procedure but could 
be used if a detailed analysis is required. 



NONINVERTING IMPUT CONFIGURATION 



'"O R, Rp, RpjC.C 



Fl •*F2'-I ^2 



R4 (Rq * *^q) 



3. Q Alp = Q A„p ( Ji ) = Aep (^^^J)^ 

4. A. p = I 11 



.•5» 



A„p = s^ A, I 



ahp=r^ ''LP — i7~r~i7 

Rg^Rg+Rq + r^) 

6. A„p=5^ 



INVERTIN6 INPUT CONFIGURATION 



*i "^Fi "^Fa^i ^2 



= (, + Jl)— J J J— ( 

*0 * — — -L > Rl R^Ri 
^ R. + R^ + Rr- • 2 ' 



Rn c, 

) 

F2C2 



R ^1 ^Vl ^1 1/ 

3. Q Alp = Q Ahp (r^) = Abp ^Rj Rj.,^ Cj ^ ' 



4. A.p=-- 



5. Ahp= —■ Alp-- 



Abp = (i+5J^) 



"^^R, ^ R2^Rg 



BI-QUAD CONFIGURATION 



° RiRptR|,.jCiC 



Fl •*F2'-I *-2 



-2 Q=RqC2Wo 
QA.p 
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ACTIVE FILTER DESIGN EXAMPLES USING THE DESIGN 
PROCEDURE OUTLINED IN DESIGN STEPS SECTION. 



Example 1 . 

It is desired to design a three-pole, 0.5dB ripple, 

Chebyschev High-Pass Filter; the cutoff frequency fc = 

2kHz, Gain Ahp = +1. 

Step_j. 

The type of transfer function (high-pass), the type of 

response (Chebyschev), number of poles (3), and the cut 

off frequency (fc) are chosen depending upon the 

particular application and are stated in the example. 

Step 2. 

Normalized low-pass filter parameters fn and Q are 

obtained from Table I (or from program shown in Table 

II). 

Complex Poles: 

f„= 1.0688531 

Q = 1.7062 J 

Simple Pole: 

f„ = 0.626456 

Step_3. 

Now, since the actual response desired is high-pass, the 

low-pass to high-pass transformation must be made as 

previously discussed in Low-Pass Transformation. 



f„ (high-pass) = 



1 



fn (low-pass) 



, Qhp — Qlp 



fn = 



For Complex Poles: 
1 



1.068853 



= 0.935582 



andQ= 1.7062 

For Simple Pole: fn = 



1 



0.626456 



1.596281 



Step_4. 

Now, determine the actual (denormalized) frequency. 

fo = fc X fn = 2kHz X 0.935582 = 1871.2Hz 

Step 5. 

Refer to the Configuration Selection Guide. Since the 
gain required is positive, the HP output is not inverted 
with respect to the input. Therefore, the noninverting 
input configuration must be selected. Note that the HP 
output is not available with the Bi-Quad configuration. 



Step 6. 

Since fo < 8kHz, Equations "A" would be used. 

Step 7. 

For the Complex Poles Stage of the filter, using the 

equations **A". 



1.592 X 10* 
Rfi = Rf2 = jg^j ^ = 85.08kn 



Step 8 . 

fo Q = 1871.2 X 1.7062 = 3.19 x lO' 

.-. fo Q < 10' 

/. Qp=Q= 1.7062 

Step 9 . 

Abp = Qp X Ahp = 1.7062 x 1 = 1.7062 
5.0 X 10' X 1.7062 



Rg = 

Rq = 



1.7062 X 1.7062 
5.0 X 10' 



2x 1.7062- 1.7062- 1 



29.3kn 

70.8kn 



The above obtained resistor values are for the complex 
pole pair of the first stage of the required active filter. The 
simple pole obtained as outlined below, using the 
uncommitted op amp in the UAF41 makes the second 
stage of the required filter. 

For the simple pole fn was obtained in step 3. 
fn= 1.596281 

The actual (denormalized) frequency = fc x fn 
= 2kHz X 1.596281 = 3192.6Hz 



IJL 

< 



Now, f = 



1 



27rRC 

.-. RC = -!— = ^—1-7-= 4.9851 X 10'' 

27rf 27rx 3192.6 

Choosing C = 2200pF (or any convenient value). 



R=- 



4.9851 X 10' 



-=22.66kn 



2200 X 10-'2 
Note : 

R and/ or C may be chosen in any convenient manner to 
obtain the desired RC product. 
The overall circuit for the required filter is shown below: 



-15V ^15V 
Q 



85.081(0 85.08kn 
3 87 Ml 



In Rq 
29.3kn 

Rq ^ 71.43kn 



13 H^ 



2200PF , 




T 




(0 

z 
o 

H 

o 

z 

3 
U. 



3 
O 

oc 

o 

o 
o 

< 
z 
< 



FIGURE 6. Overall Circuit - Example 1. 



Burr-Brown IC Data Book 



5-91 



Vol. 33 



Example 2 . 

It is desired to design a 4-pole Butterworth, Bandpass 

Filter, with Q = 25, fc = 19kHz and.Aep = 1. 

Using the computer program shown in Table III, the 

following values of fn and Q are obtained. 

f„= 1.0142435, Q = 35.36541 
and 

f„ = 0.9859565, Q = 35.35886 

Using the above shown values of Q and fn, we now will 
proceed to design the two stages of filter separately. 
Composite gain will be <1. Any one of the three configu- 
rations shown in the Configuration Selection Guide can 
be used. We will select the nonin verting input configura- 
tion. 

For Sta g e 1 . 

fo = 19kHz X fn = 19kHz x 1.0142435 = 19270.6Hz 

Since fo > 8kHz, equations "B" would be used. 

foQ = 19270.6 X 35.36541 = 6.815136 x 10^ 

Since foQ > 10^ locate the corresponding foQp from the 
Performance Curves. 



Divide foQ 


P by fo to obtain Qp. 


Thus Qp = 


48.78 


_5.0x 


10' X 35.36541 


Kg - 


1 X 48.78 ~ -^^ 




5.0 X 10' 


Rq- 

3.48 


48.78., 
^^^'^^ 35.37 


For Stage : 


> 



298.7n 



Following the same procedure as shown for Stage 1 
above, the values shown below are obtained. 

foQ = 6.624 X 10^ using the Performance Curves; 

Qp = 48.04 

Rfi = Rf2 = 2.6867kn 

Rg = 36.8kn 

and Rq = 303.40 

The overall circuit for the required filter is shown below. 



15V «isv 
QQ 




Example 3. 

It is desired to design a 5-pole Bessel, Low-Pass Filter 

with fc = 3.3kHz and Alp = 1. 

From Table I the following values of fo and Q are 

obtained. 

Complex Poles: 

f„= 1.55876 1 
Q = 0.56354 J 
f„= 1.75812 1 
Q = 0.91652 J 
Simple Pole: 
f„= 1.50470 

Using the above shown values of fn and Q, we now will 
proceed to design the three stages of filter separately. 
Any one of the three configurations can be used. We will 
select inverting configuration. 

For Sta g e 1 . 

fo = 3.3kHz X fn = 3.3kHz x 1.55876 = 5144Hz 

Since fo < 8kHz, equations "A" would be used. 

Rf 



1.592x10" ,^^^, ^ 
Rf2 = rm = 30.95kft 



5144 

foQ = 5144 X 0.56354 = 2.9 x lO' 
foQ < 10', .-. Qp = Q = 0.56354 
Abp = Qp Alp = 0.56354 x 1 = 0.56354 

5 X 10' X 0.56354 



Rg = 



Rq = 



0.56354 

5x 10' 



50kn 



2 X 0.56354 + 0.56354 - 1 



■■ 72.4kn 



For Sta g e 2 . 

fo = 3.3kHz X fn = 3.3kHz x 1.75812 = 5802Hz 

Since fo > 8kHz, equations "A" would be used. 

foQ = 5802 X 0.91652 = 5.32 x 10' 

foQ > 10', .-. Qp = Q = 0.91652 

Abp = Qp Alp = 0.91652 x 1 = 0.91652 

5 X 10' X 0.91652 
Rg = = 50kn 



Ro=- 



0.91652 
5x 10' 



= 28.58kn 



FIGURE 7. Overall Circuit - Example 2. 



2x0.91652 + 0.91652- 1 

For Sta g e 3 . 

f = 3.3kHz X f„ = 3.3kHz x 1.50470 = 4966Hz 

For the simple pole, 

RC = TT=^5 ^7^Zr= 3.2049 x lO' 

27rf 27r x 4966 

3300pF (or any convenient value) 
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„ 3.2049x10' ^^.,^ 
3300 X 10 '^ 

The overall circuit is shown below. 
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LPlU//^ 



11 10 9 



"0 ? 28.58kn JTiSmSv 



J 3300pF 



rH^ 



U 
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Stage 3 



FIGURE 8. Overall Circuit - Example 3. 
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LE III. Low-Pass to Bandpass BASIC Transfor- 


+15V 








mation Program. 






Ri 
46.4kO 
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INPUT "FN. Q. AND Q(BANDPASS) "iF.Q.QBP 
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— Wv j 
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11kHz OUTPUT 
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30 
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y=F*SQR(1-(1/(2»Q))^2) 
X= -F/(2*0) 


3 
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UAF41 


PX=X:PY=Y 

FOR 1= 1 TO 2 

SX=PX/(2*QBP):SY=PY/(2*QBP> 


- 








80 
90 
95 


PX=(SX'^2-SY^2)-1 :PY=2*SX*SY 




9 




13 8 
— VA 


T=ATN(PY/PX) 
T=T-3.1415926# 






Ra 

4.02kn 




100 


iF T >0 THEN 120 


-15V 


TrimRafo 
Trim R, fo 


r frequency. 

r minimum distortion. 


110 
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130 
140 


T = 2*3.1416926# -K T 

T=T/2 

A=SQR(SQR(PX'^2 -1- PY'^2))*COS(T) 

B=SQR(SQR(PX^2 -h PY^2))*SIN(T) 


FIGURE 9. Using the UAF41 as an Osc 


illator. 








150 


SX=SX-hA:SY=SY-l-B 








160 


F=SQR(SX^2 -l-SY^2) 








170 


Q= -F/(2*SX) 








180 


PRINT "FN=":F;"Q=';Q 








190 


IF Y=0 THEN 220 








200 


PX=X:PY= -Y 








210 


NEXT 1 








220 


STOP 












230 


END 
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BURR- BROWN ^ 




4085 



HYBRID MICROCIRCUIT PEAK DETECTOR 



FEATURES: 

• STORES TRANSIENT VOLTAGES 

• COMPLETELY SELF-CONTAINED 

• ACCURATE TO ±0.01% 

• LOW DROOP ERRORS 

• SMALL DIP PACKAGE 



DESCRIPTION 



The 4085 is a specialized sample/ hold amplifier that 
tracks an input signal until a maximum amplitude is 
reached. That maximum value is held at the analog 
output, and the digital Status output indicates that a 
peak has been detected. The unit can then be 
commanded to hold that value, ignoring additional 
peaks, or reset to a user-specified reference voltage. 
The 4085 detects positive-going peaks from -lOV to 
+10V and is available in a hermetic metal package 
and a low-cost ceramic package. Three models are 
available, specified for temperature ranges to 
-H70^C (4085KG), -25X to +85X (4085BM), and 
-55"Cto+125T(4085SM). 
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SPECIFICATIONS 

ELECTRICAL 

Specification at Ta = +25°C and ±15VDC and +5\/DC power supplies unless otherwise noted 



MODEL 


4085 


UNITS 


MODEL 


4085 


UNITS 


MIN 1 TYP 


MAX 


MIN 


TYP 


MAX 


ANALOG INPUT 


ANALOG OUTPUT | 


Signal Inputs 










Voltage Range 


±10 


|Vcc|-3 




V 


Operating Range 


±10 


|Vcc|-3 




V 


Output Current 


5 






mA 


Absolute Maximum Range 






±vcc 


V 


Output Resistance 




02 


05 


11 


Input Offset Voltage 










Output Noise 10Hz to 100kHz 




30 




/uV, rms 


(adjustable to zeroi 






2 


mV 


Output Load Capacitance 


50 


100 




pF 


Input Offset Voltage Drift 
Input Bias Current 




15 


50 


mV/oQ 














15 


50 


pA 












Input Resistance 
Input Capacitance 




1 
8 




Gn 

PF 


STATUS OUTPUT 










Collector-emitter Voltage 
Collector Current 
DC Current Gain 


50 


100 


+30 
20 


V 

mA 
mA/mA 


DIGITAL INPUT 














Logic Levels 










Vbe 




65 




V 


Logic "1" 


+2 4 at 
50nA, max 
























V 












Logic "0" 

Truth Table 
Peak Detect Mode 






+0 8 at 
lOOiuA. max 


V 


REFERENCE VOLTAGE 










Operating Range 
Absolute Maximum Range 
Discharge Currently) 


±10 
5 


|Vcc|-3 


±Supply 
30 


V 
V 
mA 


Logic Input A 


Logic Input B 


1 





Hold Mode 


















Reset 





1 












TRANSFER CHARACTERISTICS 


POWER SUPPLY REQUIREMENTS | 


Voltage Gam 




10 


1 v/v 


Rated Voltage 




±15 




V 


ACCURACY 


Current Dram ilouT = Oi 
Rated Logic Supply Voltage(5) 






±20 


mA 
V 


DC Voltage Gam Error 






±0 01 


%ofFSR(i) 




+5 ±0 5 


Dynamic Accuracy to 300Hz 




±0 01 


±0 02 


% of FSR 


Logic Supply Current 










Dynamic Accuracy to 100Hz 






±0 01 


% of FSR , 


(Logic A & B highi 




3 0+03 




mA 


Temperature Coefficient of 










iLogic A &B = OVi 




4 4 ±0 5 




mA 


Gam Error 
Feedthrough 
Droop 1 all units at Ta = +25°C )(2) 




±3 


±0 05 
+0 06 


ppm/°C 
% of Step 
mV/msec 












TEMPERATURE RANGE 










Ta = +70°C, 4085KG 






±0 5 


mV/msec 


Specification 










Ta = +85°C, 4085BM 






±1 2 


mV/msec 


4085KG 







+70 


°C 


Ta = +125°C. 4085SM 






±12 


mV/msec 


4085BM 


-25 




+85 


°C 


Power Supply Sensitivity, ±Vcc 






±0 005 


%/% 
Supply 


4085SM 
Operating 


-55 




+125 


°C 










Variation 


4085KG 


-25 




+85 


°C 


Logic Supply 






±0 005 


%/% 


4085BM 


-55 




+90 


°C 










Supply 


4085SM 


-55 




+125 


°C 










Variation 


Storage 
4085KG 
4085BM 


-30 
-60 




+90 
+100 


°C 
°C 


DYNAMIC PERFORMANCE 














Acquisition Time (BM. SMi 
Acquisition Time iKGi 






500 
800 


/usee 
/Lisec 


4085SM 


-60 




+150 


°C 












Slew Rate 




05 




V/;xsec 












Charge OffsetO) 




05 


1 


mV 












Status Delay at 500Hz 




07 


1 


msec 












Status Delay at 100Hz 




12 


2 


msec 













NOTES 

1 FSR = Full Scale Range. 20V for the 4085 



lOOpA X 2 



F^fP-) 



2. Equation for droop. Droop (mV/msec) = 

3300pF + CEXT(pF) 

3 Charge Offset is the charge transferred from the holding capacitor when the 4085 is switched to the hold mode 

4 Any circuitry connected to the reference pin should be capable of sinking the desired discharge current of the internal 3300pF holding capacitor plus 
any external capacitor The discharge current range is the current limit imposed by an internal FET switch it does not imply that the loss of external circuitry 
must be designed to limit current to this range 

5. Logic Supply, pin 8, may be connected to higher supply voltages for operation with MOS or CMOS logic. Refer to "Operating Instructions" 
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MECHANICAL 



iizfel 



Pm numbers shown for reference only. 
s Numbers may not be marked on package. 

oooooooooooo j ^^ 

NOTE- 

Leads in true position .010" (0.25mm) 

R at MMC at seating plane. 



v. 



»oeoeooa 



f 



■L' 



f. 



TTTTTTTTTI 



3=E 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1 310 


1 360 


33 27 


34 54 


B 


770 


810 


19 56 


20 57 


C 


150 


210 


381 


5 33 


D 


018 


021 


46 


53 


F 


035 


050 


89 


1 27 


G 


100 BASIC 


2 54 BASIC i 


H 


110 


130 


2 79 


3 30 


K 


150 


250 


381 


6 35 


L 


600 BASIC 


15 24 BASIC 1 


N 


002 


010 


05 


25 


R 


085 


105 


2 16 


2 67 



ORDER NUMBER 
4085KG 

CASE. Black Ceramic (alumina) 
MATING CONNECTOR: 245MC 
WEIGHT: 8.4 grams (0.3 oz) 



i "1 


T" 






L 


"t 'i^ 

24 13 








1 





Pm numbers shown for reference only. 
Numbers may not be marked on package 

NOTE: 

Leads in true position .010" (0.25mm) 

R at MMC at seating plane. 




1£ 



!i™!!!rn 



ORDER NUMBER: 
4085BM 
4085SM 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1.36S 


1385 


34.67 


35.18 


B 


790 


810 


20.07 


20.57 


C 


.170 


.250 


4.32 


6.35 





016 


.021 


41 


0.53 


G 


.100 BASIC 


2 54 BASIC 1 


H 


.125 


150 


3.18 


3.81 


K 


150 


.300 


3.81 


7 62 


L 


.600 BASIC 


15 24 BASIC 


R 


080 1 .110 


2 03 1 2 79 



CASE Kovar, Gold or Nickel 
plated 
MATING CONNECTOR- 245MC 
WEIGHT- 8 4 grams (0.3 oz) 
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THEORY OF OPERATION 

In the Peak Detect Mode (SI closed, S2 open), the analog 
output tracks the analog input until a peak value is 
reached. When the input voltage falls below the magni- 
tude of the peak voltage, CRl becomes reversed biased, 
and the feedback loop between Al and A2 is broken. At 
this point, the status output transistor turns on and the 
magnitude of the peak voltage is held on the analog 
output. In the Hold Mode (SI open, S2 open), the current 
charging path from the output of Al to the capacitor is 
opened. The output voltage is equal to the voltage stored 



in the capacitor even though the input voltage may 
become larger than the peak voltage. In the Reset Mode 
(SI open, S2 open), the voltage on the capacitor will 
charge to whatever voltage is applied to the reference 
voltage input. If both SI and S2 are closed at the same 
time, the output of A 1 will be connected to the reference 
voltage input through a low impedance. This represents 
an illegal mode of operation, but will cause no damage to 
the unit. 
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1. Pin 21 internally connected to esse on 408SBM and 4085SIW. 

2. Pin 13 must be connected to either power supply comnion or a user-specified reference voltage. Refer to Application section for details. 

3. External capacitor: use polystyrene (up to ■»65<*C). polyproplene. or teflon. 
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FIGURE 1. 4085 Functional Diagram and Pin Configuration. 
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FIGURE 2. Timing Diagram For Peak- Detect Operation. 
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OPERATING INSTRUCTIONS 



OFFSET VOLTAGE ADJUSTMENT 

The ±2mV input offset voltage of the 4085 may be nulled 
to zero by using the circuit shown in Figure 3. With the 
4085 in the Peak Detect Mode (logic input A = " 1 ", logic 
input B = "0") apply zero volts to pin 1. Adjust the 
potentiometer until the output voltage is zero volts. 
Disconnect pin 12 after adjustment is made. 




FIGURE 3. Offset Adjust Circuit. 
POWER SUPPLY CONSIDERATIONS 

The 4085 will operate as specified with power supplies 
from ±8 VDC to ±1 8 VDC. To minimize noise pickup, the 
supply inputs should be decoupled with l/uF tantalum 
capacitors located physically close to the unit. 



"Noninverting'* means logic "1" = peak has been de- 
tected. 



•► TonL(fiiniut = tO| 




FIGURE 5. Inverting TTL (CMOS) Status Output. 



lOkn 




-O +5VDC 



l.5kn 






To TTL 
(fiii-out = 2) 



FIGURE 6. Noninverting TTL Status Output. 



DIGITAL INPUTS AND LOGIC SUPPLY 

The digital inputs may be driven with TTL or CMOS 
logic. Pin 8 should be tied to the logic supply. The logic 
supply voltage (Vl) may also be provided by connecting 
pin 8 through a resistor of value R (kO) = 1.67 (Vcc 
-Vl)/Vl to the +Vcc (Vcc > Vl). The logic threshold 
voltage is equal to 0.4Vl - 0.7V. 

INPUT FREQUENCY BANDWIDTH LIMITING 

It is recommended that the input bandwidth be limited as 
much as possible by an RC section such as that shown in 
Figure 4. This is to limit noise spikes at the input that may 
cause erroneous readings. If detecting large pulse heights, 
a 5)usec time constant should be used. This will not 
degrade acquisition time or tracking accuracy for fre- 
quencies up to 500Hz. For input frequencies greater than 
500 Hz, a smaller time constant may be used. 



Ikn 



^ 4700pF 



-O PInl 



FIGURE 4. Input Bandwidth Limiting. 

STATUS OUTPUT CHARACTERISTICS 

The open-collector, open-emitter output transistor is a 
small signal, medium speed switching transistor similar 
to a 2N2222. To facilitate driving a variety of devices, the 
configuration of the status output has been left to the 
user's discretion. 

The internal comparator shown in the block diagram 
(Figure 1) has an output characteristic as follows. Input 
signal track: Zout **«»; peak hold: Vout = +Vcc - 0.5V. 
Several configurations are illustrated in Figures 5, 6, and 
7. "Inverting" means logic "0" = peak has been detected. 



lOk n y — (17^— O 
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FIGURE 7. Noninverting CMOS Status Output. 

DESIGNING IN HYSTERESIS 

It may be desirable in some situations to have hysteresis 
in the circuit such that small peaks will not be detected, 
eliminating jitter in the Status output. This is possible 
through external components connected as shown in 
Figure 8. After a peak is detected, the input voltage must 
be slightly greater (determined by R1/R2) than the* 
previous peak to cause the output to resume tracking the 
input. This hysteresis voltage is expressed by: 



Vh = 



(V.n-VE-0.9V)R1 

Rl + R2 



The emitter voltage of the status transistor should be tied 
to a voltage sufficiently lower than the lowest expected 
peak to allow proper operation. 
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FIGURE 8. Hysteresis. 
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APPLICATIONS 

PEAK CATCHER 

This circuit detects and holds the first peak it encounters. 
After the first peak is detected, it automatically is 
switched to the Hold Mode. To reset the circuit for 
catching another peak, a 10/xsec or longer positive logic 
pulse should occur at the Release Input. This will reset 
the peak detector to the desired voltage and put it in the 
peak-detect mode. 




FIGURE 9. Peak Catcher. 

NO-RIPPLE, FAST-SETTLING RMS-DC 
CONVERTER 

If a waveform is known, the rms value of the signal may 
be computed from the peak value. In this circuit, the rms 
value is computed by the output amplifier from the peak 
value held by the 4085. The output in the circuit shown is 
updated manually. It may be updated automatically by 
replacing the switch circuit with an oscillator plus timing 
logic. 




FIGURE 10. RMS-DC Converter. 

INTERFACING TO A/D CONVERTER 

Interfacing to an A/ D converter is straightforward. The 
gating of the A/ D converter command allows a conver- 
sion only if a peak has been detected and permits 
completion of each conversion. If a peak occurs while the 
A/ D is converting, it will not be detected. 



Detect/Hold 




Oo — ^ -<<F 



FIGURE 11. A/D Converter Interface. 
PEAK-TO-PEAK DETECTOR 

Figure 12 shows a circuit that will display the peak-to- 
peak voltage of an input waveform. The Status Output 
indicates that both positive and negative peaks have been 
detected and that the output is valid. The resistors around 
A3 should be matched to insure good common-mode 
rejection. 




FIGURE 12. Peak-to-Peak Detector. 

REFERENCE VOLTAGE 

In the Reset Mode the voltage applied to pin 1 3 places an 
initial charge on the holding capacitor at the input to A2 
(see Figure 1). This threshold voltage may be any value 
between positive and negative 10 volts. For most appli- 
cations pin 1 3 will be tied to power supply common. This 
sets VRef to volts. The 4085 will then capture peaks 
greater than volts. 

Pin 13 must be connected to either power supply 
common or to a user-specified reference voltage. If this 
connection is not made the 4085 will appear to have 
excessive droop. 
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4115/04 



WINDOW COMPARATOR 



FEATURES 

• ADJUSTABLE LIMITS FOR "HIGH". "LOW". AND "00" 

• UP TO 200niA LOAD CAPABILITY (each output) 

• INPUT PROTECTION 

DESCRIPTION 

Model 41 15/04 is a hybrid IC window comparator in 
a double width DIP. The unit has three inputs - one 
for a voltage that sets the upper limit, another for a 
voltage that sets the lower limit, and a signal input. 
There are three mutually exclusive outputs - HIGH, 
LOW and GO. When an output is ON it will sink up 
to 200mA of current. This input diode protected 
device is designed to work with input voltages of up 
to ±10VDC, and will not be harmed by voltages to 
±15VDC. The 41 15/04 will drive a variety of loads 
including lamps, relays, MOS circuitry, and high 
noise immunity logic as well as DTL and TTL 
devices. 

INSTALLATION 

Separate connections should be made from each 
power supply common (-f 15VDC, -15VDC and Vr) 
to the 4115/04 common (pin 8). 
To avoid unwanted pickup or chattering it may be 
necessary to include bypass capacitors from the 
±15VDC supply pins (13 and 14) to the module 
common pin (8). 



APPLICATIONS 

• PRODUCTION LINE TESTING 

• TEMPERATURE CONTROLS 

• INDUSTRIAL ALARMS 

• LEVEL DETECTORS/CONTROLS 



j 4115/04 

, Window Comparator 



Typical Load 
n +Vo 



HIGH 



Upper 
Limit ^ 
Input 



Input 



I 



n> 



4;;z,'^>oY*^' 



Lower 5 i 
Limit tLOV/^ 
Input I 



Vm/ I GO 



m>\i^ 



!«U 



ILOW^ 

rO 
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I 





Eu<E, 


El<E|<Eu 


E,<El 


HIGH 


ON 


OFF 


OFF 


GO 


OFF 


ON 


OFF 


LOW 


OFF 


OFF 


ON 



Model 41 15/04 Transfer Characteristics. 
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ELECTRICAL SPECIFICATIONS 

Typical performance at 25"C and with rated supply unless otherwise noted. 


MODEL 


4115/04 


Units 


INPUT 

All Inputs 
Maximum Safe Input 


±10V into 6lcn (mm) 
±15 


V 


ACCURACY 

D.C. Resolution (min) 

Voltage Offset (referred to input) 

at ZS'C (max) 

vs Temperature (max) 

Over Temperature Range (max) 

vs Power Supply 
Switching Speed 

Total Switching Time at 30mV 

Overdrive 


±0.2 

±2 
±30 
±7 
±50 

300 


mV 

mV 

mV/"C 
mV 

mV/v 

Msec 


OUTPUT 

Impedance to COMMON from all Outputs 

OFF state 

ON state 
Load Supply Voltage (Vr) 
Load Current 

Steady State 
Transient (absolute maximum) 

1 Second Duration 
Saturation- Voltage (Vti.) (max) 

at 200mA 


> 1 

3 

to +30 

+200 

+400 

0.7 


Mn 
n 

V 

mA 
mA 
V 


TEMPERATURE RANGE 

Rated Specifications 
Derated Performance 
Storage 


-25 to +85 
-40 to +85 
-55 to +100 


"C 
"C 

"C 


POWER SUPPLY REQUIREMENTS 

Rated Supply Vohage 
Derated Performance 
Quiescent Drain (max) 


±15 

±12 to ±18 

±30 


VDC 
VDC 

mA 


To achieve best results use stable quiet reference sources and drive signal input from low 
resolution of the device. 



MECHANICAL 
SPECIFICATIONS 
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WEIGHT 24OZ (6.80 grams) 

MATERIAL Black Exoxy 

PIN Pin material and plating composition conform to 

Method 2003 (soiderabihty) of Mil-Std-883 (except 

paragraph 3 2) 
CONNECTOR Fits any commercial dual-m-lme connector 
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4127 



LOG AMPLIFIER 

wmmi 

4127KG 



LOGARITHMIC AMPLIFIER 



FEATURES 

•ACCEPTS INPUT VOLTAGES OR CURRENTS OF 
EITHER POLARITY 

•WIDE INPUT DYNAMIC RANGE 
6 Decades of current 
4 Decades of voltage 

•VERSATILE 

Log, antllog. and log ratio capability 

•SMALL SIZE 
Double wide DIP 

•LOW COST 



DESCRIPTION 

Packaged in a ceramic double wide DIP, the 4 127 is 
the first hybrid logarithmic amplifier that accepts 
signals of either polarity from current or voltage 
sources. A special purpose monolithic chip, 
developed specifically for logarithmic conversions. 



functions accurately for up to six decades of input 
current and four decades of input voltage. In 
addition, a newly developed current inverter and a 
precise internal reference allow pin programming of 
the 4127 as a logarithmic, log ratio, or antilog 
amplifier. 

To further increase its versatility and reduce your 
system cost, the 4127 has an uncommitted 
operational amplifier in its package that can be used 
as a buffer, inverter, filter, or gain element. 
The 4127 is available with initial accuracies (log 
conformity) of 0.5% and 1 .0%, and operates over an 
ambient temperature range of -10"C to +70"C. 
With its versatility and high performance, the 4127 
has many applications in signal compression, 
transducer linearization, and phototube buffering. 
Manufacturers of medical equipment, analytical 
instruments, and process control instrumentation 
will find the 4127 a low cost solution to many signal 
processing problems. 
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SPECIFICATIONS 



ELECTRICAL 

Typical specifications at +25**C with rated supplies unless otherwise noted. 



MODEL 1 4127KQ | 4127JQ 


ACCURACY(i), %of FSR 


Current Source Input. 1nA to 1mA 
Voltage Input. ImVto 10V 


0.5% max 
0.5% max 


1%max 
1%max 


INPUT 1 


Current Source Input, Pin 4 
Current Source Input, Pin 7 
Reference Current Input. Pin 2 
Absolute Maximum Inputs 


+1nAto+1mA 

-InAto-lmA 

+lMAto+1mA 

±10mA or ±Supply Volts 


OUTPUT 1 


Voltage 
Current 
Impedance 


±10V 
±5mA 

ion 


FREQUENCY RESPONSE 1 


-3dB Small Signal at Current Input 

of 100m A 

of 10m A 

of ImA 

of lOOnA 

of lOnA 
Step Response to within ±1% of 

Final Value (lR = ImA. A = 5) 


90kHz 
50kH7 

5kHz 
250Hz 

80Hz 

10msec 


STABILITY 1 


Scale Factor Drift (AA/^C) 
Reference Current Drift (AIr/°Ci 

Input Offset Current Drift {Als/°C) 
Input Offset Voltage Drift 
Accuracy vs. Supply Variation 

Reference Current 

Input Offset Voltage 
Input Noise - Current Input 
Input Noise - Voltage Input 


±0.0005A/oC 

±0.001 lR/°CforlR>lMA 

±0.003 Ir/°C for 400nA < Ir < VA 

lOpA at +25»C. Doubles Every lO^C 

±10mV/oC 

±0 001Ir/V 

±300mV/V 

1pA, rms. 10Hz to 10kHz 

IOmV. rms, 10Hz to 10kHz 


UNCOMMITTED OP AMP CHARACTERISTICS 1 


Input Offset Voltage 
Input Bias Current 
Input Impedance 
Large Signal Voltage Gam 
Output Current 


5mV 
40nA 
IMn 
85dB 
5 mA 


TEMPERATURE RANGE | 


Specification 

Operating 

Storage 


0°C to +60OC 
-10°C to +70'>C 
-55°C to +1250C 


POWER SUPPLY REQUIREMENTS 1 


Rated Supply Voltages 

Supply Voltage Range 

Supply Current Dram 

at Quiescent, max 

at Full Load, max 


±15VDC 
±14VDC to ±16VDC 

±20mA 
±26 m A 



MECHANICAL 



f 


♦ ...*. .♦♦...! 


1 

B 

1 L- 


24 13l| 
1 I2I 


-' 1 


t-"^ 


• A • 



Pin numbers shown 
'for reference only 
NufTibers may not be 
marked on package 



n[1 



fr 



oJL- 



NOTE 

Laadt in tru« 
( 25mm) R fl 



t 






hin 010" 
ting plane 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1 310 


1 360 


33 27 


34 54 


B 


770 


810 


19 56 


20 57 


c 


150 


210 


3 81 


5 33 


D 


018 


021 


46 


53 


F 


035 


050 


89 


1 27 


G 


100 BASIC 


2 54 BASIC 1 


H 


110 


130 


2 79 


3 30 


K 


150 


250 


3 81 


6 35 


L 


600 BASIC 


15 24 BASIC 1 


N 


002 


010 


05 


25 


R 


085 


105 


2 16 


2 67 



CASE: Ceramic 

MATING CONNECTOR 245MC 
WEIGHT 56 grams (2 oz ) 
ORDER NUMBER 4127KG 
4127JG 



CM 



PIN CONNECTIONS 



NOTE 

1 Log conformity at 25°C 



1 


Iref OUTPUT 


2 


IREF INPUT 


3 


NO PIN PRESENT 


4 


+1 INPUT * 


5 


CURRENT INVERTER OUTPUT* 


6 


NO PIN PRESENT 


7 


CURRENT INVERTER INPUT 


8 


NO PIN PRESENT 


9 


OP AMP +INPUT 


10 


OP AMP -INPUT 


11 


OP AMP OUTPUT 


12. 


NO PIN PRESENT 


13. 


MAKE NO CONNECTION 


14. 


NEGATIVE SUPPLY 


15 


NO PIN PRESENT 


16. 


NO PIN PRESENT 


17 


NO PIN PRESENT 


18. 


LOG OUTPUT 


19 


GAIN ADJUST 


20 


NO PIN PRESENT 


21 


COMMON 


22 


POSITIVE SUPPLY 


23. 


iREF BIAS 


24 


NO PIN PRESENT 


*Pins 4 and 5 are internally 


connected 
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TYPICAL PERFORMANCE CURVES 



RELATIONSHIP OF REFERENCE CURRENT Ip 
AND EXTERNAL RESISTOR R^ 
100m A 



RELATIONSHIP OF SCALE FACTOR "A" 
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TO GAIN-SETTING RESISTOR Rj 
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LOG RELATIONSHIP OF !Is[aND OUTPUT 

'r 
voltage in terms of "a" 



Output 
Voltage 



4V- 
2V 



E, = -Alog,o'is! 

'r 




0.001 0.01 0.1 



Hsl 

RELATIONSHIP OF -f- TO OUTPUT VOLTAGE 
'R 

FOR Ir = IjuA AND A = 5V AND 10V 



Output I 

Voltage ^n = A log 1.^ 

° IjLlA 

A= 10V 



Input 
Current 




A = 5V 



Iq 



-T ^ 

O.OIjuAO.ImA ImA lOjLiA IOOmA 

Range 

ustment 



\V Rang. 

\ ^Adjus 



. 40dB- 
- 80dB - 
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DISCUSSION OF SPECIFICATIONS 



ACCURACY 

The deviation from the ideal output voltage defined as a per- 
cent of the full scale output voltage. 

INPUT/OUTPUT RANGE 

The log relationships of -A log -^ and -A log 7-% are sub- 

ject to the constraints specified. The 4127 can be operated 
with inputs lower than those given, but the accuracy will be 
degraded. 

FREQUENCY RESPONSE 

The small-signal frequency response varies considerably with 
signal level and scaling, so the frequency response is specified 
under several different operating conditions. 



STABILITY 

The use of a monolithic transistor quad and low-drift op 
amps minimizes drift, but some drift remains in the scale- 
factor, reference current, and input offset. Input offset con- 
sists of a bias current plus the op amp input voltage offset 
divided by the signal source resistance. Also, there is some 
slight drift in conformity to the log function and in output 
ampUfier offset, but this is generally negligible. 
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THEORY OF OPERATION 

The 4127 is a complete logarithmic amplifier that can be 
pin-programmed to accept input currents or voltages of 
either polarity. By making use of the internal current 
inverter, reference current generator, log ratio element, 
and uncommitted op amp, you can generate a variety of 
logarithmic functions, including the log ratio of two 
signals, the logarithm of an input signal, or the antilog of 
an input signal. The unique FET-input current-inverting 
element removes the polarity limitations present in most 
conventional log amplifiers. 

Utilizing the inherent exponential characteristics of 
transistor functions, the 4127 calculates accurate log 
functions for input currents fjom InA to 1mA, or input 
voltages from ImV to lOV. Carefully matched 
monolithic quad transistors and temperature sensitive 
gain elements are used to produce a log amplifier with 
excellent temperature characteristics. 

A functional diagram of the 4127 circuit is shown in 
Figure 1. In addition to the basic log amplifier, the 4 127 
contains a separate internal current source, a current 
inverter, and an uncommitted operational amplifier. The 
current inverter accurately converts negative input 
current to a positive current of equal magnitude. 

The 4127 is capable of accurately logging input current 
over a 120dB range but to use this full range, good 
shielding practice must be followed. A current source 
input is, by definition, a high impedance source and is 
therefore subject to electrostatic pickups. 

The input op amps Ai and A3 have FET input stages for 
low noise and very-low input bias current. The op amp Ai 
will make the collector current of Qi equal to the signal 
input current Is, and the collector current of Q2 will be the 
reference input current Ir. 

From the semiconductor junction characteristics, the 
base-to-emitter voltage will be 



VgE « ^^^ Jcfi -^ ' where Iq - Collector current 

q II II =" Reverse saturation current 

q, m, K = Constants 
T = Absolute temperature 

^1 ILI ^ ' q Il2 

If the transistors Qi and Q2 are at the same temperature 
and have matched characteristics then 

-mKT fi Is 



E2 = 



-JU- 



The output op amp A2 provides a voltage gain of 
approximately (Rj + R2)/Rt, and the value of (mKT)/ q 
is about 26mV at room temperature. Since resistor Rt 
varies with temperature to compensate for gain drift, the 
output voltage Eo expressed as a log will be 



ar 

whereA^^ll^ (26 mV) 
Rj 



0.434 



Rj ^ 520i^ 



The external resistor Ri sets the reference current Ir and 
resistor R2 sets the scale-factor "A". Ri and R2 must be 
trimmed to the desired values, but the approximate 
relationships are shown in Typical Performance Curves. 
The relationship between the input current Is and the 
output voltage Eo in terms of the externally adjusted 
parameters Ir and "A" is illustrated in Typical 
Performance Curves. This relationship is, of course, 
restricted to values of Is between InA and 1mA and 
output voltages of less than ±10V. 
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FIGURE 1. Functional Diagram. 
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CHOOSING THE OPTIMUM 
SCALE FACTOR AND 
REFERENCE CURRENT 

To minimize the effects of output offset and 
noisp, it is usually best to use the full + lOV 
output range. Once an output range of + 10V 
has been chosen, then "A" and Ir can be 
determined from the min/max of the input 
current I^. 

Eq = -A log Is , where Ij^in < Is < ^max 

The output range of + lOV for an input range 



+10 = -A log hm and -10= -A log Im^ 
IR Ir 



Adding these two equations together 



log!mM!min = o,orlR= /WW 

ir 

The value for A can be found from: 



10 = Alog;=^ 



J 'max 'n 



In terms of the input current range for Ig, the 
values for Ir and A that will provide a full 
+ 1 OV output swing are : 



lR=/lmaxWn andA= j 



10 



ing ^max 
IR 



Example: Assume that Ijnj^ is +10nA and 
Imaxis+IOOM. 

This is an 80dB range. 

'r ~ V *maxWn = 

y(10-4) (10-8)= 10-6, or i^A. 



I^=ig=ioo 



loglHlEE=2 SoA=5 
IR 

For an Ir of IjuA and A of 5, 



E^.-SJot 



ImA 



CONNECTION DIAGRAMS 



Transfer function is Eg = -A log^ where Ij is a positive input current 

and Ir is the resistor-programmed internal reference current (see 
Figure 2). 



Reference 
Current 



tISVDCO -_. O 



ISVDC 



f tOko 



4127 



^ — ^ 



^ < Gain 
J9>— 3 "2 



*Needed only 
if li <10nA 



+15V0C 



•15V0C 



FIGURE 2. Transfer Function When Ij is Positive. 
ADJUSTMENT PROCEDURE 

1. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 

2. Apply Ii = Ir, adjust Rj such that Eq = 0. 

3. Apply Ij = Imax' adjust R2 for the proper output voltage. 

4. Repeat steps 2 and 3 if necessary. 

5. Ignore this step if Iimin ^ lOnA. Otherwise, apply Ij = InA, 
make R3 = lkMJ2 and adjust R4for the proper output voltage. 

Transfer function is Eq = -A logLU where Ij is a negative input current 

'r 

and Ir is the resistor-programmed internal reference current (see 
Figure 3). 



Reference 
Current 



+1SV0C Q I 1 

4127 



-15VDC 



(f9)-i 



mlm. *l 



Gain 
«2 



-OEfl 






Needed oniy 
if 1^ <10nA 



»15VDC R4 * -15VDC 



FIGURE 3. Transfer Function When Ij is Negative. 

ADJUSTMENT PROCEDURE 

1. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 

2. Apply |li| = Ir adjust Rj such that Eq = 0. 

3. Apply |Ii| = Ijnax' adjust R2 for the proper output voltage. 

4. Repeat steps 2 and 3 if necessary. 

5 . Ignore this step if 1 1 j mi^ | > 1 OnA. Otherwise, apply 1 1 1 1 = 1 nA, 
make R3 = IkM^l and adjust R4 for the proper output voltage. 

* Single resistor recommended. Voltage divider network 
difficult to use due to amplifier offset voltage. RFSOO-108, 
iGn resistor available from Burr- Brown. 
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CONNECTION DIAGRAMS [CONT] 

Transfer function is Eq = -A log — L , where Ej is a positive input voltage and Ir is the resistor-programmed internal 



reference current (see Figure 4). 



R4lR 



Current 



lOkn ±1% 
El O— V^r— ^ 
R4 



1-15VDC 
O— 




tOkn 



ADJUSTMENT PROCEDURE 

1. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 

2. Apply Ej = Ir (10kS2), adjust Rj such that Eq = 0. 

3. Apply Ej = Ej^^, adjust R2 for the proper output voltage. 

4. Apply Ej = Ej^jj, adjust R3 for the proper output. 

5. Repeat steps 2 through 4 if necessary. 



FIGURE 4. Transfer Function When Ej is Positive. 



Transfer function is Eq = -A log i— li , where Ej is a negative input voltage and Ir is the resistor-programmed internal 



reference current (see Figure 5), 
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ADJUSTMENT PROCEDURE 

1. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 

2. Apply |Ei| = Ir (lOkn), adjust Ri such that E^ = 0. 

3. Apply |Ej| = ^max' ^^j^st R2 for the proper output voltage. 

4. Apply |Ej| = Ejjiijj, adjust R3 for the proper output. 

5. Repeat steps 2 through 4 if necessary. 



FIGURE 5. Transfer Function When Ej is Negative. 



Transfer function is Eq = -A logLl'with Ij and I2 negative; 
|l2| 



+15V0C 




•MSVDC 



|ll| > InA, |l2[> ImA (see Figure 6). 



ADJUSTMENT PROCEDURE 

1. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 

2. No further adjustment is necessary if Ij min > lOnA, 
otherwise connect the R3 and R4 network, with R4 =10kfi 
and R3 = 10^12. Adjust R4 for proper output voltage 
after adjusting gain errors. Since the voltage at pin 4 is in 
the range of +5mV, it is not practical to use a T - network 
to replace R3. 
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FIGURE 6. Transfer Function When I j and I2 are Negative. 
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Transfer function is Eg = -A logLl'with Ij negative, I2 positive; |li |> InA, I2 > l/xA (see Figure 7). 
'2 



+15VDC 




Needed only 
ifll|l<10nA 



lOkn R4* 



ADJUSTMENT PROCEDURE 

1. Refer to Choosing The Optimum Scale Factor and 
Reference Current. 

2. No further adjustment is necessary if|li|ihin > lOnA, 
otherwise connect the R3 and R4 network, with R4 = lOkfi 
and R3 = 109i7. Adjust R4 for proper output vohage after 
adjusting gain errors. Since the voltage at pin 4 is in the 
range of + 5mV, it is not practical to use a T - network 

to replace R3. 



FIGURE 7. Transfer Function When I j is Negative, 
I2 is Positive. 



Transfer function is Eg = -A log -1 with Ij and I2 positive; Ij > InA, I2 > IjuA (see Figure 8). 
'2 
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ADJUSTMENT PROCEDURE 

1 . Refer to Choosing the Optimum Scale Factor and 
Reference Current. 

2. No further adjustment is necessary if Ij min > lOnA, 
otherwise connect the R3 and R4 network, with R4= lOkfi 
and R3 = 109j2. Adjust R4 for proper output voltage after 
adjusting gain errors. Since the voltage at pin 4 is in the 
range of t5mV, it is not practical to use a T - network 

to replace R3. 



FIGURE 8. Transfer Function When Ij and I2 are Positive. 



ANTILOG OPERATION 

The 4127 can also perform the antilog function. The 
output is connected through a resistor Rq into the current 
input, pin 4. The input signal is connected through a gain 
resistor to pin 19 as shown in Figure 9. 

These connections form an implicit loop for computing the 
antilog function. From the block diagram of Figure 1 , the 
voltage at the inverting input of the output amplifier A2 
must equal E2, so 

Since the output is connected through Rq to pin 4, the 
current Ig will equal Eq/Rq and E2 will be 

mKTJ^ Eq 
2 q VR 

Combining expressions for E2 gives the relationship 

_^]_„ mKT^ E„ 



where 



Rt + R9 1 



Eo = RoIr Antilog -%_ 
A 
Setting Rq and Ir will set the scale factor. For example, an 
Rq of 1MI2 and Ir of IjuA will give a scale factor of unity and 

Eq = Antilog--^ 
A 







IO.OIA1F 
Pin 18 and Pin 19 if the 
unit oscillates. 



15VDC lOkii -tSVDC 

Offset Adjust 



FIGURE 9. Antilog Operation. 
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BURR -BROWN® 




4302 



Low Cost 
MULTIFUNCTION CONVERTER 



CM 
O 
CO 



FEATURES 

• LOW COST 

• SMALL PACKAGE - Oual-in-line 

• RELIABLE HYBRID CONSTRUCTION 
•VERSATILE 



FUNCTIONS 


ACCURACY 


MULTIPLY 


±0.25% 


DIVIDE 


±0.25% 


SQUARE 


±0.03% 


SQUARE ROOT 


±0.07% 


EXPONENTIATE 


±0.15% (m = 51 


ROOTS 


±0.2% (m = .2) 


SINEd 


±0.5% 


COSINE d 


±0.8% 


TAN -' (Y/Xl 


±0.6% 


/X^ + Y^ 


±0.07% 



Typical accuracies expressed as a % of output full scale (+10VDC) at 2S°C 

DESCRIPTION 

Burr-Brown's multifunction converter model 4302 is 
a low cost solution to many analog conversion needs. 
Much more than just another multiplier/ divider, the 
4302 out performs many analog circuit functions 
with a very high degree of accuracy at a very low total 
cost to the user. 
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SPECIFICATIONS 



Performance typical at 2S<>C and with rated supply unless otherwise noted. 



ELECTRICAL 


MODEL 


4302 


TRANSFER FUNCTION 


Eo = Vv(^) 


RATED OUTPUT 

Voltage 
Current 
INPUT 


+ 10.0 V 
5 mA 


Signal Range 
Absolute Maximum 
Impedance (X/Y/Z) 


0^(Vx,Vy,Vz)^ + 10V 

(Vx,Vy,Vz)<±18V 

100kl2/90kr2/100kn 


EXPONENT RANGE 

Roots(0.2<m< 1) 

Powers (1< m<5) 
(m=l) 


m = ^2 Refer to 
^1 "^ ^2 Functional 
Ri + R^ Diagram 

"^■" R^ ^ below 

Rl = n, R2 not used 


POWER REQUIREMENTS 

Rated Supply 
Range 
Quiescent Current 


±15 VDC 

±12to±18VDC 

±10mA 


TEMPERATURE RANGE 

Operating 
Storage 


-25X to +85°C 
-25'»C to +85«C 



MECHANICAL 




0.51mm 
(0.020") 



Row Spacing: 7.6mm (0.300") 
Weight: 3.4 grains (0.12 oz.) 
Connector: 14-pin DIP 
0145MC 

Pin material and plating composition 
conform to Method 208 (solderability) 
of MII-Std-202. 



PIN CONNECTIONS 



+ 15 VDC 
Y Input 



Common 
Make No Conn. 



Z Offset Adj. 



^14 i<:^ 

M2 3^ 



X Input 
Output 
-15 VDC 



^B "^11 ^ ' Make No Conn. 
-<i>10 5<i>^ X Offset Adj. 



™A 
Z Input 



(BOTTOM VIEW) 



General specifications for the Model 
4302 Multifunction Converter are pre- 
sented on this page. These specifica- 
tions characterize the 4302 as a versatile 
three input multifunction converter. 

The following pages are appUcations 
oriented to help you apply the 4302 
to your particular circuit function need. 
These pages contain dedicated circuit 
configurations in order to produce the 
functions of: multiplication, division, 
exponentiation, square rooting, squar- 
ing, sine, cosine, arctangent, and vector 
algebra. 

It is the purpose of this product data 
sheet to enable you to apply the 4302 
to your analog conversion needs quickly 
and efficiently. 



4302 FUNCTIONAL DIAGRAM 



,o— LaVv-hO- 



VxO- 
VzO- 






A A^ j? 



5 VDC 



LOG 
RATIO 



■""*??V ANTI- 
-V£r" LOG 




ROOTS 



POWERS 



(0.2 < m< 1) 



(1< m< 5) 



(m=l) 



9 ?^ ^1 @ 1^2 R2 ® Rl ® © © ® © 



Rj + R2< 200 n 



Many of the following circuit configurations using the 4302 re- 
quire a reference voltage for scaling purposes. The reference 
voltage is shown to be +15 VDC <+l 5 VDC REF.) since in 
most cases the +15 VDC power source for the 4302 has suf- 
ficient time and temperature related stability to achieye the 
specified typical accuracies. 



If the particular supplies which are available for powering the 
4302 do not have the necessary stability for the required con- 
version accuracy, an additional + 1 5 VDC precision supply may 
be required. 



Burr-Brown IC Data Book 



5-UO 



VoL 33 



MULTIPLIER/DIVIDER FUNCTIONS 
MULTIPLIER 



In multiplier applications the 4302 provides high accuracy 
at a low cost. The 4302 accepts inputs up to +10 VDC and 
provides a typical accuracy of ±0.25% of full scale. 



FIGURE 1 




©-0 



OIJ 



(1) Set Rj so that with Ej = E2 = +10.00 VDC, Eq = +10.00 VDC. 





10 




Transfer Function 




ACCURACY 






Total Errors 






Typical at +25°C 


±25 mV 




Maximum at +25°C 


±50 mV ^ 
r i0.03V<Ei < 10 V 
0.01 V<E2< 10 V 




(for input range) 




vs. Temperature 


±1 mV/Oc 




Offset Errors (Ej = E, = 0) 
Output Offset (at 25 OC) 






±10 mV 




vs. Temperature 


±0.2 mV/Oc 




NOISE (10 Hz to 1 kHz) 


1 00 mV rms 




BANDWIDTH (E J, Ej) 







Small Signal ( -3 dB) 


500 kHz 


Full Output 


60 kHz 







DIVIDER 



As a divider, the 4302 outperforms many of the multiplier/ 
dividers on the market at a much lower cost. In the divider 
configuration the 4302 boasts a typical conversion accuracy 
of ±0.25% of full scale. 




Transfer Function 


Eo = +10(Ei/E3) 


ACCURACY 
Total Errors 

Typical at +25°C 

Maximum at +25**C 

(for Ej < E3 and input range) 

vs. Temperature 

Offset Errors (Ej = 0, E3 = +10 V) 

Output Offset (at 25<*C) 

vs. Temperature 


±25 mV 

±50 mV ^ 
f 0.03V <Ei< 10 V 
\ 0.1 V<E3< 10 V 

±1 mV/^C 

±10 mV 
±1 mV/OC 


NOISE (10 Hz to 1 kHz) 
E3 = +10 V 
E3 = +0.1 V 


100 nV rms 
300 jLiV rms 


BANDWIDTH (Ej,E3) 
Small Signal (-3 dB) 
Full Output 
(E3 = +10V) 


500 kHz 
60 kHz 



+ 15 VDC 
REF 



( f (H) (6 ) 



25 kn 49.9 kn^^ 
E3O — 



2^ 

10 



J 47 Mn ^ 47 Mn U^^ 



O 

z 

LL 



-15 VDC 10 kn +15 VDC -15 VDC 10 kn +15 

VDC 



NOTES: 
(1) Set Ri 



so that with E, = E^ 



(2) Set R2 so that with Ej = 

(3) Set R3 so that with Ej = 



= +10.00 VDC, Eq = +10.00 VDC. 
= +0.10 VDC, E_ = +10.00 VDC. 



= +0.01 VDC and with E3 = +0.10 VDC, 
Eo = +1.00 VDC. 
(4) Repeat steps 1 through 3 as necessary to achieve the specified 
output voltages. 



The input voltage may be extended below 0.03V by connecting a 0.047 )uF capacitor between pins 1 
causing a slight reduction in bandwidth. (Multiply and Divide Modes). 



[ and 5, 



3 
O 
DC 

O 

O 
O 

< 

< 



EXPONENTIAL FUNCTIONS 



Model 4302 may be used as exponentiator over a range of 
exponents from 0.2 to 5. The exponents 0.5 and 2, square 
rooting and squaring respectively, are often used functions 
and are treated below. Other values of exponents (m) may 
be useful in terms of linearization of nonlinear functions or 
simply for producii;,-^ the mathematical conversions. Charac- 
teristics of m = 0.2 ind m = 5 are presented on the right. For 
other values of m the curves presented in Figure 3 may be 
used to interpolate the error for a nonspecified value of m. 



Transfer Function 


-.-w 


Total Conversion Error (typical) 




m = 0.2 




0.5 VDC<Ej< 10 VDC 


±2 m VDC 


0.1 VDC<E| < 0.5 VDC 


±25 m VDC 


m=5 




1.0 VDC<Ei< 10 VDC 


±15 m VDC 


Exponent Range (continuous) 


0.2 < m < 5 


Input Voltage Range 


to +10 VDC 


Output Voltage Range 


Oto+10 VDC 
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Eo=10 




m = 0.2 
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Exponentiator Transfer Characteristics 

NOTES: 

(1) Connect a 100 ^ potentiometer as shown in Figure 4 for either 
roots (0.2 < m < 1) or powers (1 < m < 5). 

(2) Set Rj so that with Ej = +10.00 VDC, E^ = +10.00 VDC. 

(3) Select a + DC voltage level (Ej) such that the output voltage 
(Eq), as acted upon by the desired exponent, will not exceed 
+ 10.00 VDC. A level which is mid-range for input values of 
interest is an appropriate one to use. Set R2 so that the out- 
put voltage (Eq) is the value expected for the chosen values of 
input (Ej) and exponent (m). 



SQUARE ROOT 



As a Square Rooter (m = 0.5), the 4302 provides a typical 
total conversion accuracy of ±0.07%. Refer to Figure 5 and 
notes for connections and adjustments respectively. 



Transfer Function 


Eo=ioVSr 


Total Conversion Error (Typical) 
0.5 VDC<Ej< 10 VDC 
0.02 VDC < Ej < O.S VDC 
Input Voltage Range 
Output Voltage Range 


±7mV 
±55 mV 
etc +10 VDC 
to +10 VDC 



NOTES: 

(1) Connect pins 12, 11, and 6 together. Set Rj such that with 
Ej = +10.00 VDC; Eq = +10.00 VDC. 

(2) Connect 100 fi resistors as shown in Figure 5. 

(3) For greater conversion accuracy, Rj & R3 may be replaced by 
a potentiometer as shown in Figure 4. 



SQUARE 



FIGURE 4 

E 

a 



+ 15VDCQ I 1 Q-i 

<jr — — ^ 




®-o 



49.9 kn ^^ 55 ^ 
'>*-*/•/ — O 



I 5 \\)i: 



--*sN\ — G 



Use these connections 
4302 ^ '^— when taking roots of 
small input levels. 



100 n I I loon 



(4) Repeat steps (2) through (4) as necessary. 

* When taking roots of smaller mput levels, a modified transfer 
equation (Eq = (lOEj)"*] will provide improved conversion 
accuracy. To achieve this transfer function: 1) apply a +1.5 VDC 
REF in place of the +15 VDC REF shown in Figure 4., 2) make 
R3 a 1.40 Mn resistor, and rearrange Rj and R3 as 1.5 VDC REF 
and 3) follow all notes except in note (2) apply +0.10VDC to pin 
7 to set R, to E^ = +1.00VDC. 



FIGURES 



|Ri ^ 49.9 kfi 



+ 15 VDC Q I 1 Q-15VDC 



+ 15 VDC 25 kn ^. 

REF I V^ Q 



MODEL 
4302 



©-0 



-^i^ 100 n 100 n 



±0.1% ±0.1% 



Configured as a Square Function Converter (m = 2), the 
4302 produces high conversion accuracies of typically 0.03%. 
Please refer to Figure 6 and accompanying notes. 



Transfer Function 


-=■•(§)" 


Total Conversion Error (typical) 

0.1 VDC<Ej< 10 VDC 
Input Voltage Range 
Output Voltage Range 


±3mV 

Oto+10 VDC 
Oto+10 VDC 




+ 15 VDC|25 kn 
REF 

49.9 kn 



I 1 Q -15 VDC 



MODEL 
4302 



©-0" 



NOTES: 

(1) Set Rj such that with Ej = +10.00 VDC, E^ = +10.00 VDC. 

(2) Connect 100 ^ resistors as shown in Figure 6. 

(3) For greater conversion accuracy Rj & R3 may be replaced by 
a potentiometer as shown in Figure 4. 



I *vahWa — I 

100 a 100 n -dr* 



±0.1% ±0.1% 
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TRIGONOMETRIC FUNCTIONS 



SINE 



Sine functions can be accurately generated from input volt- 
age levels representing angular displacement from to 90^. 
Model 4302 configured as in Figure 7 will produce the sine 
power series approximations with modified coefficients to 
typically better than ±0.5% of full scale. In this circuit, the 
4302 is scaled so that when 6- 0, Eq = VDC, and when 
= 90, Eo= 10 VDC. 

NOTES: 

(1) Adjust R4 if needed so that Ej < 1 m VDC when Eq = 0. 

(2) Adjust R2 so that Ej = +0.8045 VDC when E^ = +5.00 VDC. 

(3) Adjust R3 so that Ej = +5.709 VDC when E^ = +10.00 VDC. 

(4) Repeat steps (2) and (3) as necessary. 



Transfer Function 


Eo= 10 Sin 9Eq 


Power Series Approximation 

/ EflV-827 
E„=I.5708E9 -1.5924 \^^ 3/^ j 


Total Conversion Error (typical) 
Input Voltage Range (0 < < 90°) 
Output Voltage Range (0 <sin 9 < 1) 


±50 mV 
Oto+10 VDC 
Oto+10 VDC 



FIGURE? 



+ 15 Vdc -^ 1 
REF Q->— <► 



E^O- 



-VSAr- 



-V/v @ 

845 kn ^^ 






SVdc R^ 

+ 15Vdc ^^^^ -ISVdc 

Ej 10 Mn 10.0 kn 

© V/v— ^ 



I I ^3 1 51. in 

Q1 1 O ' ' 



10.0 kn 




36.6 kn "=• 



COSINE 



Connected as in Figure 2, the Model 4302 will generate a 
cosine function of the input voltage. Typical accuracies of 
±0.8% can be expected from this configuration. 

NOTES: 

(1) Adjust Rj so that Eq = +10.00 VDC when Eq = 0. 

(2) Adjust R2 so that Eq = when Eq = +10.00 Vbc. 



Transfer Function 


Eo= 10cos9Eg 


Power Series Approximation 

Eq = 10 + 0.3652 Eq -0.4276E^-S^'^ 


Total Conversion Error (typical) 
Input Voltage Range (O < < 90**) 
Output Voltage Range (1 < cos < 0) 


±80 mV 

VDC to +10 VDC 

+ 10 VDC to VDC 



FIGURES. 



1 5 VDC r\^ 
REF ^-^ 



E^O 



+ 1%VDCQ 



Q-15 VDC 




Q +15 VDC REF 



R < 20.5 kn 







+ 15 VDC 



Eo 

-o 



5 VDC 
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ARCTANGENT 

Model 4302 and the associated circuitry shown below will 
produce the inverse tangent of a ratio. This application is 
particularly well suited to conversion from rectangular 
coordinates to polar coordinates where 

1% 
E^ =tan-lg^ 

The accuracy of conversion depends upon the levels of the 
input signals. Please refer to table at right. 

NOTE: 

(1) Set Rj so that with E, = Ej = +10.00 VDC, Eq = +4.500 VDC 
±1 mVDC. 



Transfer Function 



Power Series Approximation 



Total Conversion Error 
2< Ej,E2< 10 VDC 
0.1 <Ei,E2 <2 VDC 
0.03 <Ei,E2 <0.1 VDC 
Input Voltage Range (Ej, E2) 
Output Voltage Range < E^ < 90° 



Eq = tan 






/[E^\1.212 
/[EilY-212 



-(90°) 



±55 m VDC 

±65 m VDC 

±340 m VDC 
+0.01 VDC to +10 VDC 
VDC to +9 VDC 



FIGURES 



+ 15 VDC p I 1 Q-15 

o — 0r~^ — ^ 



r© 






10.0 kn> +15 VDC 




21.3 n 100 n 




+ 15 VDC 

-o 



VECTOR MAGNITUDE FUNCTION 

The model 4302 will produce the square root of the sum of 
the squares of two inputs. This function is companion to the 
arctangent of a ratio for the conversion of rectangular to 
polar coordinates. 



NOTES: 

1. Figure 10 shows one practical w ay to im- 
plement the transfer function Eo=\/Ei^+E2^ 
using 4302. It shows use of model 3501 A op 
amp Model 350rs rated output is ±10V 
This limits the range of Ei and Ez, such that 
the conditions Ei^V 100 - E2 and 
I E2 1 -^ (5 - E 1V2O) and 
\/ Ei^ + £2^ ^ 10 are always satisfied. 

(a) The above conditions imply, 

OV ^ E, ^ lOV and -5V ^ E: ^ 5V 

(b) The above conditions also imply that for 
applications where Ei =| E2I the range would 
be limited to 4.142V max. 

Z. Use of model 3627 as shown in Figure 1 1 
would directly substitute the eight lOkft re- 
sistors and the two model 3501 A op amps. 
This would reduce the number of 
components needed to implement vector 
magnitude function and reduce overall cost.i 



Transfer Function 




Eo = n/Ei2 + E22 


Input Voltage Range Ej 
E2 


Oto+IOVDC 
-lOVDCto+lOVDC 


(refer to notes 1 and 2) 




Output Voltage Range 


Oto+IOVDC 


Conversion Error 


±7m VDC 



+ 15VDCO I—I O-ISVDC I '^^^ I 

FIGURE 10 Y r="Y icokn. ^ o***^'^»o.okn* 

lO t . ; Q ■* ^ ^ ^ IopamT^V L 

XR, ^^ ^ • 10.0 kO* I AM^ M 

L-U/^^.-^ MODEL V^^--pV,^JL 

stR, such that ,;TI V^ 4302 ^"^ I O-IS VDC 



R] sotii uiai J. j^jj 
whenE2=0VDC 
andEi = 10VDC, 
Eo = +10VDC IN4154 
equiv. 




10 Okn* 



+ 15 VDC 
^OPAll 



*R's=l Okn +0.02% 




OEo 



1N4154 
or equtv. 



10.0 kn* 



FIGURE 11 

El 


+ 15VDCO 1 1 

_^(i4) (k' (5) 


15 VDC 


-VCCO 0+V( 
-| ( 3627AM L 


c 




°T r— * R- 


HI 

— (T) 


4302 


3 




1 


— ■— Wv-i 

25kn 




Eo 


0' c 




^^(U) m Q2) 

"^ IN4154oreqi 
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BURR -BROWN ® ^ 4341 





Low Cost 
TRUE RMS-TO-DC CONVERTER 



FEATURES ^ 

LOW COST 

HIGH ACCURACY 
+0.2% +2mV 

HIGH RELIABILITY 
Hybrid construction 

CO 

DESCRIPTION O 

The Burf-Brown Model 4341 RMS-to-DC 

Converter features low cost without sacrificing ^ 

performance. The 4341 computes a DC voltage ^ 

proportional to the true rms value of signals which ^ 
may be complex waveforms, DC levels, or a 
combination of both. 

The input and output are fully protected against "T 

overvoltages and short circuits. Provisions for the y 

external adjustment of gain, offset voltage, DC- — > 

reversal error, and frequency response make the 434 1 w 

versatile enough to fill the majority of your Q 

applications. O 

< 

z 
< 
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ay 



o 



0j 



-15VDC| 



© 



© 



0- 




^out ^out 



©00© 

-^r Make no connection 



Make no connection 






E„u,'<' = rr/^ lE,„'"l2d, 



FIGURE I. Simplified Schematic. 



THEORY OF OPERATION 



The true rms value of a time-varying signal E (t) over a 
time period T is 

Ern^s = V l/TjT/o[E(t)f dt 
The required operations are squaring, averaging and 
square rooting. A simplified schematic diagram of the 
4341 is shown in Figure 1. The Al circuit produces a 
current ii which is proportional to the rectified input 
voltage. The A2 circuit is a logarithmic amplifier which 
produces a voltage proportional to 2 log E,n or log E,n^. 
The logarithmic gain of the A2 circuit is derived from the 
inherent exponential characteristics of transistor 
junctions. By using proprietary monolithic components, 
the circuit provides an accurate log function over many 
decades which is relatively insensitive to temperature 
variations. Amplifier A4 uses the same techniques as A2 
to generate log Eout. 



Transistor Ql produces a collector current ii 
proportional to the antilog of its base-emitter voltage 
such that 

'h a log"' (log E,n^ - log Bout) 
= log"' (log EinVEout) = EmVEout 

The A3 circuit which contains the external capacitor 
takes the time average of the 12 signal and produces Eout 
which is directly proportional to the rms value of £,„. 

Figures 2 and 3 show the effects of the external filter 
capacitor on ripple magnitude and response time. As the 
frequency of the input approaches DC, the 4341 begins to 
act like a full wave rectifier such that the output is the 
absolute value of the input. While the4341 will accurately 
convert DC input voltages, the averaging capacitor must 
be made very large to minimize ripple at low frequencies. 
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ELECTRICAL SPECIFICATIONS 

Typical at 2S°C with rated supply voltages, unless otherwise noted. 



MODEL 


4341 


TRANSFER FUNCTION 


Iou.(DC)= iJtSTo E,„'(t)dt 


INPUT 1 


Peak Operating Voltage 
Absolute Maximum Voltage 
Impedance 


±10V 

tSupply 

5kn 


OUTPUT 1 


Voltage 
Current 
Resistance 


to +10V 

+5mA, min 

m, max 


BANDWIDTH 1 


±1% of Theoretical Output 
-3dB 


SOkHz 
450kHz 


CONVERSION ACCURACY"" 1 


Input: 500mV, rms to 5.0V, rms 
Input: DC to lOkHz Sine Wave 
Input. lOmV, rms to 7V, rms 
Input: DC to 20kHz 


±0 5%of Reading, max'" 
±2mV ±0 2% Reading 


STABILITY 1 


Accuracy vs. Temperature 
Accuracy vs. Supply Voltage 


±0 ImV ±0.01% of Reading/ "C 

±0.1 mV ±0.01% of Reading/ % of 

Supply Voltage Change 


TEMPERATURE 6ANGE I 


Operating 
Storage 


-25°C to +85''C 
-40°C to +85'»C 


POWER REQUIREMENTS I 


Rated Voltage 
Voltage Range 
Quiescent Current 


±15VDC 

±14VDC to ±16VDC 

±12mA, typ./±24mA, max 



NOTES: 

1. After standard trim procedure (see below) 

2. Model 4341 will convert DC inputs. Lower frequency AC inputs require a large value of averaging 
capacitor to minimize ripple at output, (see Figure 2). 



MECHANICAL 




Row Spacing. 7.6mm (0.30") 
Weight: 3.4 grams (0.12 oz.) 
Connector 14-Pin DIP 
0145MC 



Pin material and plating composition 
conform to Method 208 (solderability) 
of Mil-Std-202. 



CO 



STANDARD TRIM PROCEDURE 




If the 434 1 is used to measure sine waves or distorted sine 1 . 
waves, only two trims are needed to achieve an accuracy 
of ±0.5% of reading from 500mV, rms to 5V, rms up to 2. 
lOkHz. Refer to Figure 1. 

3. 


Set E,n = 5.000V, rms ±0.02% and adjust Rl such that 

Eo = 5.000VDC ±2mV. 

Set E,n = 500mV, rms ±0.02% and adjust R2 such that 

Eo = 500mVDC ±0.2mV. 

Repeat Step 1. 



0) 



I- 
o 



5 
o 
cc 

o 

o 
o 

-J 

< 
z 
< 
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CHOOSING THE AVERAGING CAPACITOR 



A single-pole low-pass RC filter provides the averaging 
function. The time constant is 1/2 RC where R is lOkfl 
when the 434 1 is adjusted for unity gain. To select the best 
value of C, make a tradeoff between output ripple and 
response time. Figure 2 shows the ripple magnitude vs. 
frequency for several typical values of capacitor. 
Response time vs. capacitor value is shown in Figure 3. 
(Note that rise times and fall times are different for the 
same value of capacitor). 



While the ripple magnitude for signals other than sine 
waves can be analytically determined, it is tedious. The 
fastest method of choosing C is to apply a representative 
input signal and observe the output for various value of 
C. C can be lOO's of microfarads, but should have a 
leakage current less than 0. 1 juA to minimize gain errors. 
With very large values of C, the input signals with 
frequencies approaching DC level could be averaged. 
Since the output is always a positive voltage, C can be 
polar capacitor. 
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FIGURE 2. Output Ripple Magnitude vs. Input Signal 
Frequency. 



FIGURE 3. Response Time vs. Value of Averaging 
Capacitor. 



EXPANDED TRIM PROCEDURE FOR GREATER ACCURACY 



If the 4341 is used in applications to measure complex 
waveforms, the following expanded trim procedure is 
recommenSed. (Refer to Figure 4). 
First set all potentiometers at mid turn position. 

1. DC Reversal Error - Apply +10.000V ±lmV and 
-lO.OOOV ±lmV to E,n alternatively, adjust R5 such 
that Eo readings are the same ±2mV. 

2. Gain Adjustment - Apply Em = +10.000VDC 
±ImV, adjust Rl such that Eo = +10.000VDC ±lmV. 

3. Input Offset - Apply +10.0mV ±0.1mV and -lO.OmV 
±0. ImV to E,n, adjust R4 such that Eo readings are the 
same ±0. 1 mV. 

4. Offset - Ground E,n, adjust R3 such that 
Eo = ±0. ImV. Repeat Step (3). 

5. Low Level Accuracy - Apply E,n = +10.0mV ±0. ImV, 
adjust R2 such that Eo = +10.0mV ±0.1mV. 



+ 15VDCQ 9 ~^ 

M ^2 dl 




_^ C Averaging 
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lOkn 
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FIGURE 4. Expanded Trim Procedure (High Accuracy 
Applications). 



NONUNITY GAINS 

Gain values greater than unity can be achieved by inserting resistor Rx between pin 5 and pin 6. Rx — (A^ 
where A is the desired value of gain (1 < A ^ 10). (Rx is in ohms). 
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BURR -BROWN 




4423 



PRECISION QUADRATURE OSCILLATOR 



CO 
CM 



FEATURES 

• SINE AND COSINE OUTPUTS 

• RESISTOR-PROGRAMMABLE FREQUENCY 

• WIDE FREQUENCY RANGE: 0.002Hz to 20kHz 

• LOW DISTORTION: 0.2% max up to 5kHz 

• EASY ADJUSTMENTS 

• SMALL SIZE 

• LOW COST 



DESCRIPTION 

The Model 4423 is a precision quadrature oscillator. 
It has two outputs 90 degrees out of phase with each 
other, thus providing sine and cosine wave outputs 
available at the same time. The 4423 is resistor pro- 
grammable and is easy to use. It has low distortion 
(0.2% max up to 5kHz) and excellent frequency and 
amplitude stability. 

The Model 4423 also includes an uncommitted 
operational amplifier which may be used as a buffer, 
a level shifter, or as an independent operational 
amplifier. The 4423 is packaged in a versatile, small, 
low-cost DIP package. 
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SPECIFICATIONS 



Prices and Specifications 
subject to change without notice 


Specifications typical at 25"C and ±I5VDC 
Power Supply Unless Otherwise Noted 


ELECTRICAL 




MIN 


TYP 


MAX 


UNITS 


FREQUENCY 

Initial Frequency (no adjustments) 
Frequency Range (using 2 R's only) 
Frequency Range (using 2 R's and 2 Cs) 
Accuracy of Frequency Equation* 
Stability vs Temperature 
Quadrature Phase Error 


20.0k 

2k 
,0.002 


20 5 

±1 
±50 
±0.1 


210k 
20k 
20k 
±5 

±100 


Hz 
Hz 
Hz 

% 
Ppm/"C 
degree 


DISTORTION 

Sine Output (pin 1) 
0.002Hz to 5kHz 
SkHz to 20kHz 

Cosine Output (pin 7) 
0.002Hz to 5kHz 
5kHz to 20kHz 

Distortion vs Temperature 




0.2 
0.8 

0.015 


02 
05 


% 

% 

% 

%rc 


OUTPUT 

Amplitude (Sine) 

At 20 kHz 

vs Temperature 

vs Supply 
Output Current 


6.5 
1.5 


7 
0.05 
0.4 

5 


75 

1 


V rms 

%rc 

V/V 
mA 

n 


UNCOMMinED OP AMP 

Input Offset Voltage 
Input Bias Current 

Open Loop Gain 
Output Current 


5 


1.5 

275 
1 
90 




mV 
nA 

Mn 

dB 

mA 


POWER SUPPLY 

Rated Supply Voltage 
Supply Voltage Range 
Quiescent Current 


±12 


±15 
±9 


±18 
±18 


VDC 
VDC 

mA 


TEMPERATURE RANGE 

Specifications 

Operation 

Storage 




-25 
-55 




+70 

+85 
+ 125 


°C 
"C 
"C 




* May be trimmed for better accuracy. 



MECHANICAL 



1^ 12 7mr 
20.3mm '|*^(0.50' 
(0.80") I '^ 




ROW SPACING - 7.6 (0.300") 
WEIGHT - 3.4 gms (0. 1 2 oz) 
CONNECTOR - 14 pin DIP connector 

Pin material and plating composition 
conform to method 2003 (solderability) 
of MIL-STD-883 (except paragraph 3.2), 





PIN CONNECTIONS 


1. 


El, Sine Output 


8. Frequency Adjustment 


2. 


Frequency Adjustment 


9. -Vcc. -15VDC 


3. 


Frequency Adjustment 


10. +Vcc. +15VDC 


4. 


+ ln, Uncommitted Op Amp 


11. Common 


5. 


-In, Uncommitted Op Amp 


12. Frequency Adjustment 


6. 


Output, Uncommitted Op Amp 


13. Frequency Adjustment 


7. 


E2, Cosine Output 


14. Frequency Adjustment 




FIGURE I. Equivalent Circuit. 
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TYPICAL PERFORMANCE CURVES 
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EXTERNAL CONNECTIONS 

1. 20 kHz Quadrature Oscillator 
The 4423 does not require any external component to 
obtain a 20 kHz quadrature oscillator. The connection 
diagram is as shown in Figure 5. 





+ 15VO ^ 0-15V 

6o) ^ ® 


10 sin 27r(20k)t 
= 10cos27r(20k)t 




-d 


4423 













FIGURES. 

2. Resistor Programmable Quadrature Oscillator 

For resistor programmable frequencies in the 2 kHz to 
20 kHz frequency range, the connection diagram is 
shown in Figure 6. Note that only two resistors of equal 
value are required. The resistor R can be expressed by, 
3.785f , R in kn 

42.05 - 2f f in kHz 





+ 15VO ^ 0-15V 

k h ^ 






4423 


0— 0E^= 10 sin 27rft 

Oh 

[^4 0E2= 10 COS 27rft 






>" <R 





FIGURE 6. 

3. Quadrature Oscillator Programmable to 0.002 Hz 
For oscillator frequencies below 2000 Hz, use of two 
capacitors of equal value and two resistors of equal value 
as shown in Figure 7 is recommended. Connections 
shown in Figure 7 can be used to get oscillator frequency 
in the 0.002 Hz to 20 kHz range. 



The frequency f can be expressed by: 
42.05 R 



f = 



(C + 0.001) (3.785 +2R) 



where, f is in Hz 
C is in /uF 
and R is in kO 



+ 15VO __, 0-15V 

H H (5) 






4423 


2>i 


H-O E^= 10sin27rft 
— OE2= 10cos27rft 


^ 1 


(V) (V) ^ 






II 

c 





FIGURE 7. 

For best results, the capacitor values shown in Table I 

should be selected with respect to their frequency ranges. 



f 


20 kHz 

to 
2 kHz 


2 kHz 

to 

200 Hz 


200 Hz 

to 

20 Hz 


c 





O.Ol/LiF 


O.ImF 


20 Hz 
to 
2 Hz 


2 Hz 

to 

0.2 Hz 


0.2 Hz 

to 
0.02 Hz 


0.02 Hz 

to 
0.002 Hz 


IMF 


IOmF 


lOOiLxF 


IOOOmF 



TABLE I. 

After selecting the capacitor for a particular frequency 

the value of the required resistor can be obtained by using 

the resistor selection curve shown in Figure 8 or by the 

expression: 

3.785f (C + 0.001) 



R = 



42.05 - 2f (C + 0.001) 



where, 
R is in kn 
f is in Hz 
and C is in /liF 
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DISSIPATION FACTOR (DF) 

A capacitor can be modeled by an ideal capacitor in 
parallel with an internal resistor whose value depends on 
its dissipation factor (DF). Mathematically, the internal 
resistor R is given by, 

1 



FIGURE 8. 

The curves shown in Figure 8 are provided only as a 
nomographic design aid. The selection of capacitor 
values is not limited to the values shown in Figure 8. Any 
suitable combination of R and C values which satisfies 
the expression relating R, F and C as shown above, would 
work satisfactorily with the 4423. 

NOTES ON TYPES OF CAPACITORS TO USE: 

There are various kinds of capacitors available for use. 
There are polarized, also known as DC capacitors and 
non-polarized, also known as AC capacitors available. Of 
these two types, the polarized capacitors cannot be used 
with 4423 to set the frequencies. 

Commonly available non-polarized capacitors include 
NPO ceramic, silver mica, teflon, polystyrene, 
polycarbonate, mylar, ceramic disc etc. A comparison is 
shown in Table II. 





Capacitance 


Temperature 


Dissipation 




Range (mF) 


Coefficients 
ppm/°C 


Factor (%) 


NPO Ceramjc 


5pF - 1 ^i¥ 


30 


05 


Silver Mica 


5pF - 047 mF 


60 


05 


Teflon 


001 - 100 mF 


200 


001 


Polystyrene 


001 -500/xF 


100 


03 


Polycarbonate 


001 - 1000 mF 


90 


08 


Metalized Teflon 


0001 - 100 mF 


60 


01 


Metalized 








Polycarbonate 


001 - 1000 mF 


10 


04 


Mylar 


0.001 - 1000 mF 


700 


0.7 


Metalized Mylar 


001 -2000/iF 


700 


1 


Ceramic Disc 


5pF - 5 nF 


10,000 


3 



TABLE II. 

For use with the 4423 oscillator, the choice of capacitors 
depends mainly on the user's application, error budget 
and cost budget. Note that the specifications of 4423 do 
not include the error contribution of the external 
components. The errors sourced by external components 
normally have to be added to the 4423 specifications. 
As a general selection criteria we recommend the use of 
the above table. Start from the top of the list in the above 
table. If the capacitor is found unsuitable due to it being 
too large in size, too expensive, or is not easily available, 
then move down in the list for the next best selection. In 
any case do not choose or use any capacitors with 
dissipation factors greater than 1%. Such a capacitor 
would stop 4423 oscillation. 



27rf C(DF) 



where R is in O, f is the Hz, and C is in farads. 

For example, the DF of ceramic disc capacitors is of the 
order of 3%, which for a 0.01 nF capacitor would look 
like having an internal resistor of 530kn at 1 kHz. The 
530 kn value resistor is small enough to stop the 4423 
oscillator from oscillating. 

Some capacitor manufacturers use the terms "Power 
Factor" (PF) or "Q Factor" (Q) instead of the term 
"Dissipation Factor". These terms are similar in meaning 
and are mathematically related by. 



(PF) = 



(DF) 



\/l + (DF)' 



Q=- 



1 



(DF) 



OSCILLATION AMPLITUDE 

It takes a finite time to build up the amplitude of the 
oscillation to its final full scale value. There is a 
relationship between the amplitude build-up time and the 
frequency. The lower the frequency, the longer the 
amplitude build-up time. For example, typically it takes 
250 seconds at 1 Hz, 30 seconds at 10 Hz, 4 seconds at 100 
Hz, 400 milliseconds at 1 kHz, and 40 milliseconds at 10 
kHz oscillator frequencies. 

There are two methods available to shorten this normal 
amplitude build-up time. But there is also a relationship 
between the amplitude build-up time and distortion at 
final amplitude value. When the amplitude build-up time 
is shortened, the distortion can get worse. 

One method to shorten the amplitude build-up time is to 
connect a resistor between pin 3 and pin 14. The lower this 
resistor is the shorter will be the time to build up 
amplitude of the oscillation, and worse will be the 
distortion of the output waveform. For example, a lOOkH 
resistor would shorten the amplitude build up time from 
15 seconds to I second at 20 Hz frequency, but the 
distortion could be degraded from tpically 0.05% to 0.5%. 
The other method is to momentarily insert a IkH resistor 
via a reset switch betwen pin 3 and pin 14. The amplitude 
of oscillation is built up instantaneously when the reset 
switch is pushed. There will be no degradation of 
distortion with this method since the IkH resistor does 
not remain in the circuit continuously. 
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DIGITAL-TO-ANALOG CONVERTERS 



Burr-Brown offers a broad variety of Digital-to-Analog (D/A) converter 
products engineered to meet the most critical requirements for stability and 
reliability. 

General purpose instrumentation D/As range in resolution from 12 to 18 
bits. These models include industry standard products — ^many originated by 
Burr-Brown — as well as more complete, higher accuracy solutions. Burr- 
Brown's products are carefully designed and manufactured to minimize 
product variations, making them ideal for test equipment, process control, 
and other industrial and analytical applications. 

PCM D/A converters are designed and tested to deliver excellent dynamic 
performance. The resolutions of these products are 16 and 18 bits. Typical 
applications are compact disc players, digital frequency synthesis, and 
telecommunications systems. 

High-speed D/A converters offer very fast settling current output. Models 
are available with TTL or ECL logic inputs. These products are ideal for 
very high frequency synthesis and control systems. 
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DIGITAL-TO-ANALOG CONVERTERS 

SELECTION GUIDES 

The Selection Guides show parameters for the high grade. Refer to the 
Product Data Sheet for a full selection of grades. Models shown in boldface 
are new products introduced since publication of the previous Burr-Brown IC 
Data Book. 



INSTRUMENTATION DIGITAL-TO-ANALOG CONVERTERS 




Boldface = NEW 


Description 


Settling 
Resolution Linearity Time Output Temp 
Model (Bits) Error (%FSR) ([xs) Range (V) Range(') 


Pkg(2) 


Q, BF 

Screen Page 


Very High 
Resolution 


DAC729 18 ±0.00075 5 5,10,20 U/B<'') Com 


HCD 


Q, Bl 6.1-80 



High Resolution 


DAC700 


16 


±0.0015 


1 


-2mA U 


Com, 


Ind, Mil 


HCD 


Q, Bl 


6.1-43 




DAC701 


16 


±0.0015 


8 


10U 


Com, 


Ind, Mil 


HCD 


Q, Bl 


6.1-43 




DAC702 


16 


±0.0015 


1 


±1mAB 


Com, 


Ind, Mil 


HCD,PDIP 


Q, Bl 


6.1-43 




DAC703 


16 


±0.0015 


8 


±10 8 


Com, 


Ind, Mil 


HCD.PDIP. 
SOIC 


Q, Bl 


6.1-43 


High Resolution 


DAC70BH 


16 


±0.003 


1 


±1mA, 


Ind 




HCD 


Q, Bl 


6.1-5 












to -2mA U/B 












DAC71 


16 


±0.003 


8 


±1mA, 


Com 




HCD 


Q, Bl 


6.1-13 












-2mA, 10, 20 U/B 












DAC72BH 


16 


±0.003 


1 


±1mA, 


Ind 




HCD 


Q, Bl 


6.1-5 












-2mA. 10. 20 U/B 










Bus Interface, 


DAC705 


16 


±0.003 


8 


±5V 


Com, 


Ind, Mil 


HCD 


Q, Bl 


6.1-53 


High Resolution 


DAC706 


16 


±0.003 


1 


±1mA 


Com, 


Ind, Mil 


HCD 


Q. Bl 


6.1-53 




DAC707 


16 


±0.003 


8 


±10 B 


Com, 


Ind, Mil 


HCD, PDIP 


Q, Bl 


6.1-53 




DAC708 


16 


±0.003 


1 


±1mA, U/B 
to -2mA 


Com. 


ind. Mil 


HCD 


Q, Bl 


6.1-53 





DAC709 


16 


±0.003 


8 


±5,±10,10U/BCom, Ind, Mil 


HCD 


Q, Bl 


6.1-53 


Dual, 

Bus Interface, 

High Resolution 


DAC725 


16 


±0.003 


8 


±5,±10,10B Com, Ind 


HCD, PDIP 


Q, Bi 


6.1-72 


Low Cost, 
High Resolution 


DAC710 
DAC711 
DAC1600 


16 
16 
16 


±0.003 
±0.003 
±0.003 


8typ 
8typ 
8typ 


±1mA Com 
±10 Com 
±10 B Com 


HCD 
HCD 
PDIP 




6.1-65 
6.1-65 
6.1-108 


Low Cost, 
Bus Interface 


DAC811 
DAC1201 


12 
12 


±0.006 
±0.018 


4 
4typ 


±5.±10.10U/BCom. Ind, Mil 
±5.±1 0.10 U/B Com 


HCD. PDIP, 

SOIC 

PDIP 


Q, Bl 


6.1-90 
6.1-103 



CMOS, 


DAC7541A 12 


±0.012 


Industry Std 








DAC7545 12 


±0.012 



1 Multiplying Com, Ind, Mil HCD, PDIP, 0, Bl 6.1-112 

SOIC 

2 Multiplying Com, Ind, Mil HCD.PDIP, Q, Bl 6.1-120 

SOIC 



NOTES: (1 ) Temperature Range: Com = 0°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to +1 25°C. (2) HCD = Hermetic Ceramic 
DIP, PDIP = Plastic DIP, SOIC = Surface Mount Package. (3)0 indicates that optional reliability screening is available for the model. 
Bl indicates that an optional 1 60 hour burn-in is available for the model. (4) U/B indicates the output voltage polarity range for the 
model: U = unipolar. B = bipolar. 



(Continued on next page.) 
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INSTRUMENTATION DIGITAL-TO-ANALOG CONVERTERS (Continued) 


Description 


Settling 
Resolution Linearity Time Output Temp 
Model (Bits) Error (%FSR) (|is) Range (V) Range<^) 


Pkg(2) 


Q, B|(3) 
Screen 


Page 


Bus Interface 


DAC8012 12 ±0.012 1 Multiplying Com, Ind, Mil 


HCD, PDIF, 
SOIC 


0, Bl 


6.1-127 


Lowest Cost 
Industry Std 


DAC1200 12 ±0.018 0.3, 3 typ ±1mA-2mA, 

10,20 U/B 


PDIP 




6.1-99 



Low Cost DAC80 12 ±0.012 0.3. 3 typ ±1mA,-2mA, Com.Ind HCD, PDIP Q, Bl 6.1-27 

Industry Std 10,20 U/B 

DAC85H 12 ±0.012 0.3, 3 typ ±1mA,-2mA, Com,lnd HCD Q, Bl 6.1-35 

10,20 U/B 



Mlitary Temp 
Industry Std 



DAC87H 12 



±0.012 0.3, 3 typ ±1mA,-2mA, Mil 

10,20 U/B 



HCD 



Q, Bl 



6.1-35 



NOTES: (1 ) Temperature Range: Com = 0°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to +1 25°C. (2) HCD = Hermetic Ceramic 
DIP, PDIP = Plastic DIP, SOIC = Surface Mount Package. (3) Q indicates that optional reliability screening is available for the model. 
Bl Indicates that an optional 1 60 hour burn-in is available for the model. (4) U/B indicates the output voltage polarity range for the 
model: U = unipolar, B = bipolar. 



AUDIO, COMMUNICATIONS, DSP DIGITAL-TO-ANALOG CONVERTERS 






Boldface = NEW 


Model 


Resolution 
(Bits) 


Linearity Time 
Error (%FSR) (|is) 


Settling 
Output 
Range (V) 


Temp 
Range(i) 


Pkg(2) 


Q, B|(3) 
Screen 


1 

Page 


DAC63 
DAC65 


12 
12 


±0.012 50ns 
±0.012 40ns 


±5, 10mA 
±1.2,±6.35mA 


Ind 
Ind 


24-p HDIP 
24-p HDIP 


NA 
Q 


6.2-135 
6.2-143 


DAC812 


12 


±0.012 50ns 


±5, 10mA 


Ind 


24-p HDIP 


NA 


6.2-146 



Model 







Output 








Power 




Resolution 


Max THD+N 


Range 


Input 


Supply 




Dissipation 




(Bits) 


(VouT =±FS) 


(V) 


Format 


Range (V) 


Pkg 


(mW) 


Page 



PCM53 


16 


-88dB (JG) 


±10 (-V) 
-88dB (JP) 
-92dB (KP) 


Parallel 
±1mA(-l) 


±15, +5 


24-p DIP 


600 


6.2-152 


PCM54 


16 


-82dB (HP) 


±3,±1mA 
-88dB (JP) 
-92dB (KP) 


Parallel 


±5 to ±12 


28-p DIP 


300 


6.2-164 


PCM55 


16 


-82dB (HP) 


±3,±1mA 
-88dB (JP) 


Parallel 


±5 to ±12 


24-p SOIC 


125 


6.2-164 



NOTES: (1 ) Temperature Range: Com = 0°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to +1 25°C. (2) HCD = Hermetic Ceramic 
DIP, PDIP = Plastic DIP, SOIC = Surface Mount Package. (3) Q indicates that optional reliability screening is available for the model. 
Bl indicates that an optional 1 60 hour burn-in is available for the model. (4) U/B indicates the output voltage polarity range for the 
model: U = unipolar, B = bipolar. 

(Continued on next page.) 
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AUDIO, COMMUNICATIONS, DSP DIGITAL-TO-ANALOG CONVERTERS (Continued) 




Boldface = NEW 


Model 


Resolution 
(Bits) 


Max THD+N 
(VouT =±FS) 


Output 

Range 

(V) 


Input 
Format 


Supply 
Range (V) 


Pkg 


Power 
Dissipation 
(mW) 


Page 


PCM56 


16 


~82dB (P) 
-88dB (P-J) 
-92dB (P-K) 


±3,±1mA 


Serial 
Latched 


±5 to ±12 


16-pDIP 


260 


6.2-172 


PCM60 


16 


-82dB (P) 
-88dB (P-J) 
-92dB (P-K) 


2.8VP-P 
2-Channel 


Serial 
Latched 


+5 


24-p SOIC 


50 


6.2-186 


PCM58 


18 


-92dB (P) 
-94dB (P-J) 
-96dB (P-K) 


±1mA 


Serial 
Latched 


+5,-12 


28-p DIP 


400 


6.2-180 


PCM64 


18 


-96dB 


±1mA 


Parallel 


+5,-15 


42-p "Shrink" 400 
DIP 


6.2-194 



NOTES: (1 ) Temperature Range: Com = 0°C to +70°C, Ind = -25°C to +85°C, Mil « -55°C to +1 25°C. (2) HCD = Hermetic Ceramic 
DIP, PDIF = Plastic DIP, SOIC = Surface Mount Package. (3) Q indicates that optional reliability screening is available for the model. 
Bl indicates that an optional 1 60 hour burn-in is available for the model. (4) U/B indicates the output voltage polarity range for the 
model: U = unipolar, B = bipolar. 



MODELS STILL AVAILABLE BUT NOT FEATURED IN THIS BOOK 

DAC10HT 

DAC90BG 

DAC90SG 

DAC800P-CBI-V 

DAC800P-CBI-I 

DAC800-CBI-V 

DAC800-CBI-I 

DAC850-CBI-V 

DAC850-GBI-I 

DAC851-CBI-V 

DAC851-CBI-I 
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BURR - BROWN 





DAC70BH 
DAC72BH 



Monolithic 16-Bit 
DIGITAL-TO-ANALOG CONVERTERS 



FEATURES 

• 16-BiT RESOLUTION 

• ±0.003% MAXIMUM NONUNEARITY 

• LOW DRIFT ±7ppm/<>C. (TYPICAL) 

• MONOLITHIC CONSTRUCTION 

• EXACT DAC70/72 HYBRID REPLACEMENT 

• MONOTONIC (AT 14 BITS) OVER FULL 
SPECIFICATION TEMPERATURE RANGE 

• CURRENT AND VOLTAGE MODELS 



INPUTS 




DESCRIPTION 

The DAC70BH/72BH are complete 16-bit digital- 
to- analog converters that include a precision buried- 
zener voltage reference and a low-noise, fast-setting 
output operational amplifier (voltage output mod- 
els), all on one small monolithic chip. A combina- 
tion of current-switch design techniques accomp- 
lishes not only 14-bit monotonicity over the entire 
specified temperature range but also a maximum 
end-point linearity error of ±0.003% of full-scale 
range. Digital inputs are complementary binary 
coded and are TTL-, LSTTL-, 54/74C-, 54/74HC- 
compatible over the entire temperature range. Out- 
puts of to H-lOV, ±10V, to -2mA, and ±lmA are 
available. 

These D/A converters are packaged in hermetic 24- 
pin ceramic side-brazed packages. 



REFERENCE OUTPUT 



SUMMING JUNCTION 
COMMON 
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SPECIFICATIONS 



ELECTRICAL 

Typical at Ta = +25X and rated power supplies unless otherwise noted. 



MODEL 


OAC70BH 


DAC72BH 


UNITS 


MIN 1 TYP 


MAX 


MIN 1 TYP 


MAX 


INPUT 1 


DIGITAL INPUT 
















Resolution. CSB, COB 






16 








Bits 


Digital Inputs"'- Vm 


+2.4 




+6 5 


* 






V 


V,L 







+0.4 








V 


l,H V, = +2.7V 






+40 








M 


l,L V, = +0.4V 






-1.6 








mA 


TRANSFER CHARACTERISTICS | 


ACCURACY'^' 
















Linearity Error At +25°C 






±0.003 






* 


% of FSR'" 


Gain Error'*': Voltage 










±0.05 


±0.15 


% 


Current 






±0.06 




±0.06 


±0.25 


% 


Offset Error'*': Voltage, Unipolar 










±0.10 


±2 


mV 


Bipolar 












±10 


mV 


Current, Unipolar 






±1 






* 


/iA 


Bipolar 






±1 






±6 


M 


Monotonicity Temperature Range (14 bits) 


-26 




+86 


• 




* 


»C 


DRIFT (OVER SPECIFIED 
















TEMPERATURE RANGE) 
















Total Bipolar Drift (Includes 
















Gain, Offset, and Linearity Drift):"" Voltage 










±5 


±11 


ppm-of FSR/**C 


Current 




±10 






* 


±40 


ppm of FSR/'C 


Total Error Over Temperature Range: 
















Voltage, Unipolar 












±0.072 


% of FSR 


Bipolar 












±0.072 


% of F^SR 


Current, Unipolar 




±012 








±0.24 


% of FSR 


Bipolar 




±0.12 








±0.24 


% of FSR 


Gam: Voltage 










±5 


±20 


ppm/*C 


Current 






±7 






±47 


ppm/X 


Offset. Voltage, Unipolar 










±1 


±2 


ppm of FSR/°C 


Bipolar 












±8 


ppm of FSR/°C 


Current, Unipolar 




±1 








±1 


ppm of FSR/°C 


Bipolar 






±5 






±36 


ppm of FSR/X 






±1 








±1 


ppm of FSR/°C 


Linearity over Temperature 






±2 






±1 


ppm of FSR^C 


SETTLING TIME"" 
















Voltage Models (to ±0.003% of FSR) 
















Output: 20V Step 










5 


10 


/us 


1LSB Step'"' 










3 


5 


fJS 


Slew Rate 










10 




W/jA 


Switching Transient'" 










500 




mV 


Current Models (to ±0.003% of FSR) 
















Output, 2mA step: 100 to lOOO load 




15 








1 


/iS 


IkO load 




50 








3 


/IS 


OUTPUT 1 


ANALOG OUTPUT 
















Voltage Models 
















Ranges: CSB 










Oto+10 




V 


COB 










±10 




V 


Output Current 








±5 






mA 


Output Impedance (DC) 










0.06 




Q 


Short Circuit Duration 








Indefinite to Coi 


Timon 




Current Models 
















Ranges: CSB 




Oto-2 










mA 


COB 




±1 










mA 


Output Impedance: Unipolar 




4.0 










kO 


Bipolar 




2.45 










kO 


Compliance 




±2.6 










V 


INTERNAL VOLTAGE REFERENCE 


6.0 


6.3 


6.6 


* 




* 


V 


Maximum External Current 




±200 








±200 


/iA 


Temperature Coefficient of Drift 




±7 






±10 




ppm/'C 
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ELECTRICAL (CONT) 

Typical at Ta = +25°C and rated power supplies unless otherwise noted. 



MODEL 


DAC70BH 


DAC72BH 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


POWER SUPPLY SENSITIVITY 

Unipolar Offset: ±15VDC 
+5VDC 
Bipolar Offset: ±15VDC 
+5VDC 
Gain: ±15VDC 
+5VDC 




±0001 
±0001 
±0004 
±.0001 
±0 001 
±0005 






• 




% of FSR/% Vcc 
% of FSR/% Vdd 
% Of FSR/% Vcc 
% Of FSR/% Vdd 
% Of FSR/% Vcc 
% of FSR/% Vdd 


POWER SUPPLY REQUIREMENTS 

Voltage 

Supply Dram: ±15VDC (no load) 

+5VDC (logic supply) 


±14 5. +4.75 


±15.0, +5.0 
±20 

+5 


±15.5. +5.25 




* 


±30 
±10 


VDC 
mA 
mA 


TEMPERATURE RANGE 

Specification 
Storage 


-25 
-60 




+85 
+150 


. 




. 


"0 



'Specification same as DAC70 

NOTES: (1) Digital inputs are TTL, LSTTL. 54/74C. 54/74HC, and 54/74HTC compatible over the operating voltage range of Vdd = +5V to +15V and over 
the specified temperature range. The input switching threshold remains at the TTL threshold of 1 4V over the supply range of Vdd = +5V to 
+15V. (2) Current-output models are specified and tested with an external output operational amplifier connected using the internal feedback resistor in 
alt parameters except settling time. (3) FSR means full-scale range and is 20V for the ±10V range (COB-V), 10V for the to +10V range (CSB-V) FSR is 
2mA for the ±1mA range (COB-I) and the to -2mA range (CSB-I) (4) Adjustable to zero with external trim potentiometer (5) With gam and zero 
errors adjusted to zero at +25°C (6) Maximum represents the 3a limit. Not 100% tested for this parameter. (7) LSB is for 14-bit resolution. (8) At the 
major carry, 7FFFh to 8000h and 8000h to 7FFFh 



CONNECTION DIAGRAM 



MECHANICAL 




NOTES. 
£ (1)Cant>etiedto+Vcc 
- Instead of having separate 
Voo supply. 

(2) Decoupling capacitors are 
1//F to 1.(ViF 

(3) Potentiometers are lOkO 
to lOOkO. 

(4) SkO (CSB), lOkO (COB) 



PIN ASSIGNMENTS 





Pin 




1 Models 


No 


V Models 


(MSB) Bit 1 


1 


Bitl (MSB) 


Bit 2 


2 


Bit 2 


Bit 3 


3 


Bit 3 


Bit 4 


4 


Bit 4 


Bit 5 


5 


Bit 5 


Bite 


6 


Bit 6 


Bit 7 


7 


Bit 7 


Bit 8 


8 


Bite 


Bits 


9 


Bit 9 


Bit 10 


10 


Bit 10 


Bit 11 


11 


Bit 11 


Bit 12 


12 


Bit 12 


Bit 13 


13 


Bit 13 


Bit 14 


14 


Bit 14 


Bit 15 


15 


Bit 15 


(LSB) Bit 16 


16 


Bit 16 ( LSB > 


Rf 


17 


VOUT 


+5VDC 


18 


+5VDC 


-15VDC 


19 


-15VDC 


COMMON 


20 


COMMON 


lOUT 


21 


SUMMING JUNCTION 


GAIN ADJUST 


22 


GAIN ADJUST 


+15VDC 


23 


+15VDC 


6 3VREF OUT 


24 


e.3V REF. OUT 



H P*elagt-24-Pln HwiMlle Cwamlc 



GO 
CM 

!^ 

X 
CQ 

O 

O 

< 

a 




^K- 



I 

-^U-D -Seating Plane I* 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1238 


1262 


3145 


32 05 


B 


586 


602 


1488 


15.29 


C 


160 


196 


4.06 


498 


D 


016 


020 


0.41 


051 


F 


038 


042 


097 


107 


G 


.100 BASIC 


2 54 BASIC 1 


H 


067 


.085 


1.70 


216 


J 


008 


012 


020 


030 


K 


170 BASIC 


4 32 BASIC 


L 


600 BASIC 


15 24 BASIC 


N 


040 1 060 


1 02 1 52 



ABSOLUTE MAXIMUM SPECIFICATIONS 



+Vcc to Common OV to +16.5V 

-Vcc to Common OV to -16.5V 

+Vdd to Common OV to +16.5V 

Logic Inputs to Common OV to Vdd 

Maximum Power Dissipation lOOOmW 

Lead Temperature (10s) SOO'C 



0) 

oc 

lU 

I- 

IXI 

> 
z 
o 
o 

< 
o 
z 
o 

I 

z 

Ul 

s 

3 
DC 
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ORDERING INFORMATION 



MODELS 




DAC70BH-COB-I 


louT DAC 


DAC70BH-COB-IBI 


Burn-in Option"' 


DAC72BH-COB-I 


louT DAC 


DAC72BH-COB-IBI 


Burn-in Option"' 


DAC72BH-COB-V 


VouT DAC 


DAC72BH-COB-VBI 


Burn-in Option"' 




DAC70BH-CSB-I 


louT DAC 


DAC70BH-CSB-IBI 


Burn-in Option"' 


DAC72BH-CSB-I 


louT DAC 


DAC72BH-CSB-IBI 


Burn-in Option"' 


DAC72BH-CSB-V 


VouT DAC 


DAC72BH-CSB-VBI 


Burn-in Option"' 



NOTE. 1) 160 liours at 85° C or equivalent. See text 



DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC70BH/72BH accept complementary digital 
input codes in either binary format (CSB, Unipolar or 
COB, Bipolar). The COB models may be connected by 
the user for either complementary offset binary (COB) 
or complementary two's complement (CTC) codes (see 
Table I). 

TABLE I. Digital Input Codes. 



Digital 


Analog Output | 


Complementary 


Complementary 


Complementary 


Input 


Straight Binary 


Offset Binary 


Two's Complement 


Codes 


(CSB) 


(COB) 


(CTC)* 


OOOOh 


+Full Scale 


+Full Scale 


-1LSB 


7FFF„ 


+1/2 Full Scale 


Bipolar Zero 


-Full Scale 


8000h 


+1/2 Full Scale 
-1LSB 


-1LSB 


+Full Scale 


FFFFh 


Zero 


-Full Scale 


Bipolar Zero 



*lnvert the MSB of the COB code with an external inverter to obtain CTC 
code. 

ACCURACY 
Linearity 

This specification describes one of the most important 
measures of performance of a D/ A converter. Linearity 
error is the deviation of the analog output from a 
straight line drawn through the end points (all bits ON 
point and all bits OFF point). 

Differential Linearity Error 

Differential Linearity Error (DLE) of a D/A converter is 
the deviation from an ideal ILSB change in the output 
from one adjacent output state to the next, A differential 
linearity error specification of +1/2LSB means that the 
output step sizes can be between 1/2LSB and 3/2LSB 
when the input changes from one adjacent input state to 
the next. A negative DLE specification of no more than 
— ILSB (—0.006% for 14-bit resolution) insures monoto- 
nicity. 



Monotonlcity 

Monotonicity assures that the analog output will increase 
or remain the same for increasing input digital codes. 
The DAC70BH/72BH are specified to be monotonic to 
14 bits over the entire specification temperature range. 

DRIFT 
Gain Drift 

Gain drift is a measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per degree centigrade (ppm/°C). Gain drift is 
established by : (I) testing the end point differences for 
each D/ A at tmm, H-25°C and tmax; (2) calculating the gain 
error with respect to the +25°C value; and (3) dividing 
by the temperature change. 

Offset Drift 

Offset drift is a measure of the change in the output with 
FFFFh applied to the digital inputs over the specified 
temperature range. The maximum change in offset at tmm 
or tmax is referenced to the offset error at +25°C and is 
divided by the temperature change. This drift is expressed 
in parts per million of full scale range per degree centi- 
grade (ppm of FSR/°C). 

SETTLING TIME 

Settling time of the D/A is the total time required for the 
analog output to settle within an error band around its 
final value after a change in digital input. Refer to Figure 
1 for typical values for this family of products. 

Voltage Output 

Settling times are specified to ±0.003% of FSR (±1 /2LSB 
for 14 bits) for two input conditions: a full-scale range 
change of 20V (COB) or lOV (CSB) and a ILSB change 
at the "major carry," the point at which the worst-case 
settling time occurs. (This is the worst-case point since 
all of the input bits change when going from one code to 
the next). 
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10 




Settling Time (jjsec 


) 



FIGURE 1. Final-Value Error Band Versus Full-Scale 
Range Settling Time. 

Current Output 

Settling times are specified to ±0.003% of FSR for a 
full-scale range change for two output load conditions: 
one for lOH to lOOH and one for lOOOH. It is specified 
this way because the output RC time constant becomes 
the dominant factor in determining settling time for 
large resistive loads. 

COMPLIANCE VOLTAGE 

Compliance voltage applies only to current output mod- 
els. It is the maximum voltage swing allowed on the 
output current pin while still being able to maintain spec- 
ified accuracy. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/ A converter 
output. It is defined as a percent of FSR change in the 
output per percent of change in either the positive supply 
(+Vcc), negative supply (— Vcc) or logic supply (Vdd) 
about the nominal power supply voltages (see Figure 2). 
It is specified for DC or low frequency changes. The 
typical performance curve in Figure 2 shows the effect of 
high frequency changes in power supply voltages. 

REFERENCE SUPPLY 

All models have an internal low-noise +6.3V reference 
voltage derived from an on-chip buried zener diode. This 
reference voltage is available to the user. A minimum of 
200/LiA is available for external loads. Since the output 
impedance of the reference output is typically Ifl, the 
external load should remain constant. 
If a varying load is to be driven by the reference supply, 
an external buffer amplifier is recommended to drive the 
load in order to isolate the Bipolar Offset (connected 
internally to the reference) from load variations. 



i 025 



# 015 



ilj 010 



-f-^ 






I III 



:ii' 




10 100 Ik 10k 100k 

Power Supply Ripple Frequency (Hz) 



FIGURE 2. Power Supply Rejection Versus Power 
Supply Ripple Frequency. 

BURN-IN SCREENING 

Burn-in screening is an option available for the entire 
DAC70BH/72BH family of products. Burn-in duration 
is 160 hours at the maximum specified grade operating 
temperature (or equivalent combination of time and 
temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add ** BI" to the 
base model number. 



OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors (l/tF to 
lOjuF tantalum recommended) should be located close to 
the DAC70BH/72BH. Electrolytic capacitors, if used, 
should be paralleled with O.OljuF ceramic capacitors for 
best high frequency performance. 

EXTERNAL OFFSET AND GAIN 
ADJUSTMENT 

Offset and gain may be trimmed by installing external 
offset and gain potentiometers. Connect these potentio- 
meters as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
be 100ppm/°C or less. The 3.9Mn and SlOkH resistors 
(20% carbon or better) should be located close to the 
DAC70BH/72BH to prevent noise pickup. If it is not 
convenient to use these high-value resistors, an equival- 
ent "T" network, as shown in Figure 3, may be substi- 
tuted in place of the 3.9Mn. A O.OOl/uF to O.Ol/iF 
ceramic capacitor should be connected from Gain Adjust 
(pin 22) to common to prevent noise pickup. Refer to 
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FIGURE 3. Equivalent Resistances. 
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INPUT = OOOOh 



DIGITAL INPUT 



FIGURE 4. Relationship of Offset and Gain Adjust- 
ments for a Unipolar D/A Converter. 

Figures 4 and 5 for relationship of offset and gain 
adjustments to unipolar and bipolar D/A converters. 

OFFSET ADJUSTMENT 

For unipolar (CSB) configurations, apply the digital 
input code that should produce zero potential output 
and adjust the offset potentiometer for zero output. 
For bipolar (COB) configurations, apply the digital 
input code that should produce the maximum negative 
output voltage. The COB model is internally connected 
for a 20V FSR range where the maximum negative out- 
put voltage is — lOV. See Table II for corresponding 
codes and the Connection Diagram for offset adjustment 
connections. Offset adjust should be made prior to gain 
adjust. 



All bits 
Logic 1 

I \ 



ILSB 
I 
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Offset 
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Range of 
Offset Adj. 
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all others 
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-Full Scale 
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. All bits 
Logic 



Offset 



u 



Digital Input 



FIGURE 5. Relationship of Offset and Gain Adjust- 
ments tor a Bipolar D A Converter. 



GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive out- 
put voltage. Adjust the gain potentiomenter for this pos- 
itive full scale voltage. See Table II for positive full scale 
voltages and the Connection Diagram for gain adjust- 
ment connections. 

INSTALLATION 
CONSIDERATIONS 

This D/A converter family is laser-trimmed to 14-bit 
linearity. The design of the device makes the 16-bit reso- 
lution available. If 16-bit resolution is not required, bit 15 
and 16 should be connected to Vdd through a single IkH 
resistor. 

Due to the extremely-high resolution and linearity of the 
D/A converter, system design problems such as ground- 
ing and contact resistance become very important. For a 
16-bit converter with a +10V full-scale range, ILSB is 
153/iV. With a load current of 5mA, series wiring and 



TABLE II. Digital Input and Analog Output Relationships. 



VOLTAGE OUTPUT MODELS | 


Digital Input Code 


Analog Output | 


Unipolar 


Bipolar 1 


16-bit 


15-bit 


14-bit 


16-bit 


15-bit 


14-bit 


One LSB O^V) 
OOOOh (V) 
FFFFh (V) 


153 

+9 99985 




305 

+9 99969 




610 

+9 99939 




305 
+9.99969 
-10.0000 


610 
+9.99939 
-10.0000 


1224 
+9 99878 
-10.0000 


CURRENT OUTPUT MODELS | 


Digital Input Code 


Analog Output | 


Unipolar 


Bipolar 1 


16-bit 


15-bit 


14-bit 


16-bit 


15-bit 


14-bit 


One LSB OwA) 
OOOOh (mA) 
FFFFh (mA) 


031 

-1 99997 




0.061 

-1 99994 




0.122 

-1 99988 




031 
-0 99997 
+1UUU0U 


061 
-0,99994 
+100000 


0.122 
-0.99988 
+100000 
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connector resistance of only 30mn will cause the output 
to be in error by ILSB. To understand what^this means 
in terms of a system layout, the resistance of #23 wire is 
about 0.02in/ft. Neglecting contact resistance, less than 
18 inches of wire will produce a 1 LSB error in the analog 
output voltage! 

In Figures 6, 7, and 8, lead and contact resistances are 
represented by Ri through Rs. As long as the load resist- 
ance Rl is constant, R2, simply introduces a gain error 
and can be removed during initial calibration. R3 is part 
of Rl, if the output voltage is sensed at Common, and 
therefore introduces no error. If Rl is variable, then R2 
should be less than RLmm/2'^ to reduce voltage drops due 
to wiring to less than ILSB. For example, if RLmm is 
5kn, then R2 should be less than O.OSfl. Rl should be 
located as close as possible to the D/A converter for 
optimum performance. The effect of R4 is negligible. 
In many applications it is impractical to sense the output 
voltage at the output pin. Sensing the output voltage at 
the system ground point is permissible with the DAC70 
family because the D/A converter is designed to have a 
constant return current of approximately 2mA flowing 
from Common. The variation in this current is under 
20juA (with changing input codes), therefore R4 can be as 
large as 30 without adversely affecting the linearity of 
the D/A converter. The voltage drop across R4 (R4 X 
2mA) appears as a zero error and can be removed with 
the zero calibration adjustment. This alternate sensing 
point (the system ground point) is shown in Figures 6, 7, 
and 8. 

Figures 7 and 8 show two methods of connecting the 
current output models with external precision output op 
amps. By sensing the output voltage at the load resistor 
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FIGURE 6. Output Circuit for Voltage Models. 
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t Re Should be equal to the output Impedance at the current output to com- 
pensate (or the bias current drift o( Ai. Use standard 10%. 1/4W carbon 
composition or equivalent resistors. 



ax 

CM 

z 

CO 

o 

o 

< 

Q 



FIGURE 7. Preferred External Op Amp 
Configuration. 
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FIGURE 8. Differential Sensing Output Op Amp 
Configuration. 
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(i.e., by connecting Rf to the output of Ai at Rl), the 
effect of Rl and R2 is greatly reduced. Ri will cause a gain 
error but is independent of the value of Rl and can be 
eliminated by initial calibration adjustments. The effect 
of R2 is negligible because it is inside the feedback loop 
of the output op amp and is therefore greatly reduced by 
the loop gain. 

If the output cannot be sensed at Common or the system 
ground point as mentioned above, the differential output 
circuit shown in Figure 8 is recommended. In this circuit 
the output voltage is sensed at the load common and not 
at the D/A converter common as in the previous cir- 
cuits. The value of Re and R? must be adjusted for max- 
imum common-mode rejection at Rl. Note that if R3 is 
negligible, the circuit of Figure 8 can be reduced to the 
one shown in Figure 7. Again the effect of R4 is negligi- 
ble. The D/A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EMI. The key concept in elimination 
of RF radiation or pickup is loop area; therefore, signal 
leads and their return conductors should be kept close 
together. This reduces the external magnetic field along 
with any radiation. Also, if a single lead and its return 
conductor are wired close together, they present a small 
flux-capture cross section for any external field. This 
reduces radiation pickup in the circuit. 

APPLICATIONS 

DRIVING AN EXTERNAL OP AMP WITH 
CURRENT OUTPUT DACs 

The DAC70BH/72BH current output models will drive 
the summing junction of an op amp to produce an out- 
put voltage as shown in Figure 9. Use of the internal 
feedback resistor is required to obtain specified gain 
accuracy and low gain drift. 
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Current output models can be scaled for any desired 
voltage range with an external feedback resistor, but at 
the expense of increased drifts of up to ±50ppm/°C. The 
resistors in the D/A converter ratio track to ±lppm/°C 
but their absolute TCR may be as high as ±50ppm/°C. 
An alternative method of scaling the output voltage of 
the D/A converter and preserving the low gain drift is 
shown in Figure 10. 

OUTPUTS LARGER THAN 20-VOLT RANGE 

For output voltage ranges larger than ±10V, a high volt- 
age op amp may be employed with an external feedback 
resistor. Use Iout values of ±lmA for bipolar voltage 
ranges and —2mA for unipolar voltage ranges (see Fig- 
ure II). Use protection diodes as shown when a high 
voltage op amp is used. 




*Ri. R2 TCR < ±10ppin/»C 



FIGURE 10. External Op Amp Using Internal and 

External Feedback Resistors to Maintain 
Low Gain Drift. 




FIGURE 11. External Op Amp Using External 
Feedback Resistors. 



FIGURE 9. External Op Amp Using Internal 
Feedback Resistors. 
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BURR -BROWN 





DAC71 



Monolithic 16-Bit 
DIGITAL-TO-ANALOG CONVERTER 



FEATURES 

• 16-BIT RESOLUTION 

• ±0.003% MAXIMUM NONLINEARITY 

• LOW DRIFT ±7ppm/°C. (TYPICAL) 

• MONOLITHIC CONSTRUCTION 

• EXACT DAC71 HYBRID REPLACEMENT 

• MONOTONIC (AT 14 BITS) OVER FULL 
SPECIFICATION TEMPERATURE RANGE 

• CURRENT AND VOLTAGE MODELS 



DIGITAL 




DESCRIPTION 

The DAC71 is a complete 16-bit digital-to- analog 
converter that includes a precision buried-zener volt- 
age reference and a low-noise, fast-setting output 
operational amplifier (voltage output models), all on 
one small monolithic chip. A combination of cur- 
rent-switch design techniques accomplishes not only 
14-bit monotonicity over the entire specified temper- 
ature range but also a maximum end-point linearity 
error of ±0.003% of full-scale range. Digital inputs 
are complementary binary coded and are TTL-, 
LSTTL-, 54/74C-, 54/ 74HC-compatible over the 
entire temperature range. Outputs of to +10V, 
±10V, to —2mA, and ±lmA are available. 

This D/ A converter is packaged in a hermetic 24-pin 
ceramic side-brazed package. 
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SPECIFICATIONS 



ELECTRICAL 

Typical at Ta = -f-25°C and rated power supplies unless otherwise noted 



MODEL 


DAC71 


UNITS 


MIN 1 TYP 


MAX 


INPUT 1 


DIGITAL INPUT 










Resolution, CSB, COB 






16 


Bits 


Digital Inputs'^' 










VlH 


+2 4 




+5 5 


V 


ViL 







+0 4 


V 


liH Vi = +2 7V 






+40 


M 


IilVi = +04V 






-16 


mA 


TRANSFER CHARACTERISTICS | 


ACCURACY'" 










Linearity Error At +25°C 






±0 003 


%ofFSR'" 


Gam Error"" Voltage 




±001 


±010 


% 


Current 




±005 


±025 


% 


Offset Error"" 










Voltage Unipolar 




±010 


±2 


mV 


Voltage Bipolar 






±5 


mV 


Current Unipolar 






±1 


i"A 


Current Bipolar 






±5 


M 


Monotonicity Temperature 










Range (14 bits) 







+70 


"C 


DRIFT (OVER SPECIFIED 










TEMPERATURE RANGE) 










Total Bipolar Dnft 










(Includes Gam, Offset, 










and Linearity Drift)'^' 










Voltage 




±7 


±15 


ppmofFSR/'C 


Current 




±15 


±50 


ppm of FSR/X 


Total Error Over 










Temperature Range 










Voltage, Unipolar 






±0083 


%ofFSR 


Voltage, Bipolar 






±0071 


% of FSR 


Current, Unipolar 






±0 23 


%ofFSR 


Current, Bipolar 






±0 23 


% of FSR 


Gam Voltage 






±20 


ppm/X 


Current 






±60 


ppm/X 


Offset Voltage, Unipolar 




±1 


±2 


ppmofFSR/'C 


Voltage, Bipolar 






±10 


ppm of FSR/X 


Current, Unipolar 






±1 


ppm of FSR/°C 


Current, Bipolar 






±40 


ppm of FSR/X 


Differential Linearity over 










Temperature 






±2 


ppm of FSR/X 


Linearity over 










Temperature 






±2 


ppm of FSR/X 


SETTLING TIME'*' 










Voltage Models 










(to±0003%ofFSR) 










Output 20V Step 




5 


10 


//s 


ILSBStep'" 




3 


5 


^s 


Slev^ Rate 




10 




V///S 


Switching Transient™ 




500 




mV 


Current Models 










(to±0003%ofFSR) 










Output, 2mA step 










lOntolOOQIoad 






1 
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IkOload 
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MODEL 


DAC71 


UNITS 


MIN 1 TYP 


MAX 


OUTPUT 1 


ANALOG OUTPUT 










Voltage Models 










Ranges CSB 




Oto+10 




V 


COB 




±10 




V 


Output Current 


±5 






mA 


Output Impedance (DC) 




05 




Q 


Sfiort Circuit Duration , 


Indefinite to Common 




Current Models 










Ranges CSB 




Oto-2 




mA 


COB 




±1 




mA 


Output Impedance 










Unipolar 




40 




kQ 


Bipolar 




245 




kfi 


Compliance 




±2 5 




V 


INTERNAL VOLTAGE 










REFERENCE 


60 


63 


66 


V 


Maximum External 










Current 




±200 




//A 


Temperature Coefficient 










of Drift 




±10 




ppm/X 


POWER SUPPLY 










SENSITIVITY 










Unipolar Offset ±15VDC 




±0001 




%ofFSR/%Vcc 


+5VDC 




±0001 




%ofFSR/%VDD 


Bipolar Offset +15VDC 




±0004 




%ofFSR/%Vcc 


+5VDC 




±0001 




%ofFSR/%VDD 


Gam ±15VDC 




±0001 




% of FSR/% Vcc 


+5VDC 




±0005 




% of FSR/% Vdd 


POWER SUPPLY 










REQUIREMENTS 










Voltage 


±14 5,+4 7J 


±15 0, +5 


±15 5, +5 25 


VDC 


Supply Dram 










+15VDC (no load) 




±20 


±30 


mA 


+5VDC (logic supply) 




+5 


+10 


mA 


TEMPERATURE RANGE 










Specification 







+70 


X 


Storage 


-60 




+150 


X 



NOTES (1) Digital inputs are TTL. LSTTL, 54/74C, 54/74HC, and 
54/74HTC compatible over the operating voltage range of Vdd = +-5V to 
+-15V and over the specified temperature range The input switching 
threshold remains at the TTL threshold of 1 4V over the supply range of 
Vdd = +5V to +15V. (2) Current-output models are specified and tested 
with an external output operational amplifier connected using the internal 
feedback resistor in all parameters except settling time (3) FSR means 
full-scale range and is 20V for the ±10V range (COB-V), 10V for the to 
+10V range (CSB-V). FSR is 2mA for the ±1mA range (COB-I) and the to 
-2mA range (CSB-I) (4) Adjustable to zero with external trim potenti- 
ometer (5) With gam and zero errors adjusted to zero at +25''C. 

(6) Maximum represents the 3a limit Not 100% tested for this parameter. 

(7) LSB IS for 14-bit resolution (8) At the major carry, 7FFFh to 8000h 
and 8000h to 7FFFh 
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PIN ASSIGNMENTS 



MECHANICAL 





Pin 




1 Models 


No 


V Models 


MSBBitl 


1 


Biti .MSB. 


Bit 2 


2 


Bit 2 


Bits 


3 


Bits 


Bit 4 


4 


Bit 4 


Bits 


5 


Bits 


Bite 


6 


Bite 


Bit? 


7 


Bit 7 


Bits 


8 


Bits 


Bit 9 


9 


Bit 9 


Bit 10 


10 


Bit 10 


Bit 11 


11 


Bit 11 


Bit 12 


12 


Bit 12 


Bit 13 


13 


Bit 13 


Bit 14 


14 


Bit 14 


Bit 15 


15 


Bit 15 


LSB Bitie 


16 


Bit 16 LSB 


Rf 


17 


VOUT 


+5VDC 


18 


+5VDC 


-15VDC 


19 


-15VDC 


COMMON 


20 


COMMON 


lOUT 


21 


SUMMING JUNCTION 


GAIN ADJUST 


22 


GAIN ADJUST 


+15VDC 


23 


+15VDC 


6 3VREF OUT 


24 


6 3V REF OUT 



CONNECTION DIAGRAM 




NOTbS 
(1)Canbetiedto+Vcc 

instead of having separate 
Vdd supply 

(2) Decoupling capacitors are 
1a(F to 1 0//F 

(3) Potentiometers are 10kO 
to lOOkQ 

(4) 5kn (CSB), lOkO (COB) 



H Packag«-24-Pln H«rmttlc Ctramic 

NOTES: 

1. Leads In true position within 0.01" 
(.25mm) R and MMC at seating plane. 




DIM 


INCHES 


MILLIMETERS | 


K/IJN 


MAX 


MIN 


MAX 


A 


1238 


1262 


3145 


32 05 


B 


586 


602 


14 88 


15 29 


C 


160 


196 


406 


4 98 


D 


016 


020 


041 


51 


F 


038 


042 


097 


107 


G 


100 BASIC 


2 54 BASIC 1 


H 


067 


085 


170 


216 


J 


008 


012 


20 


30 


K 


170 BASIC 


4 32 BASIC 


L 


600 BASIC 


15 24 BASIC 


N 


040 1 060 


102 1 152 



o 

< 
o 



ABSOLUTE MAXIMUM SPECIFICATIONS 



+Vcc to Common OV to +16.5V 

-Vcc to Common OV to -16 SV 

+Vdo to Common OV to +16 5V 

Logic Inputs to Common OV to Vod 

Maximum Power Dissipation lOOOmW 

Lead Temperature (10s) SOO^C 



ORDERING INFORMATION 



MODELS 



Complementary Offset Binary Coding 



DAC71-C0B-I 
DAC71-C0B-I-BI 
DAC71-C0B-V 
DAC71-C0B-I-BI 



louT DAC 
Burn-in Option"' 
VouT DAC 
Burn-in Option'^' 



Complementary Straight Binary Coding 



DAC71-CSB-I 
DAC71-CSB-I-BI 
DAC71-CSB-V 
DAC71-CSB-I-BI 



louT DAC 
Burn-in Option"' 
Standard Vout DAC 
Burn-m Option"' 



NOTE 1) 160 hours at 85°C or equivalent See text 
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DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC71 accepts complementary digital input codes 
in either binary format (CSB, Unipolar or COB, Bipo- 
lar). The COB models may be connected by the user for 
either complementary offset binary (COB) or comple- 
mentary two's complement (CTC) codes (see Table I). 

TABLE I. Digital Input Codes. 



Digital 


Analog Output | 


Complementary 


Complementary 


Complementary 


Input 


Straight Binary 


Offset Bmary 


Two's Complement 


Codes 


(CSB) 


(COB) 


(CTC)* 


OOOOh 


+ Full Scale 


+ Full Scale 


-1LSB 


7FFFh 


±1/2Full Scale 


Bipolar Zero 


- Full Scale 


8000h 


+1/2 Full Scale 
-1LSB 


-1LSB 


+ Full Scale 


FFFFh 


Zero 


- Full Scale 


Bipolar Zero 



* Invert the MSB of the COB code with an external inverter to obtain CTC 
code 

ACCURACY 
Linearity 

This specification describes one of the most important 
measures of performance of a D/ A converter. Linearity 
error is the deviation of the analog output from a 
straight line drawn through the end points (all bits ON 
point and all bits OFF point). 
Differential Linearity Error 

Differential Linearity Error (DLE) of a D/ A converter is 
the deviation from an ideal ILSB change in the output 
from one adjacent output state to the next. A differential 
linearity error specification of ±1/2LSB means that the 
output step sizes can be between 1/2LSB and 3/2LSB 
when the input changes from one adjacent input state to 
the next. A negative DLE specification of no more than 
—ILSB (—0.006% for 14-bit resolution) insures monoto- 
nicity. 

Monotonicity 

Monotonicity assures that the analog output will increase 
or remain the same for increasing input digital codes. 
The DAC71 is specified to be monotonic to 14 bits over 
the entire specification temperature range. 

DRIFT 
Gain Drift 

Gain drift is a measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per degree centigrade (ppm/°C). Gain drift is 
established by: (1) testing the end point differences for 
each D/A at tMiN, +25°C and tMAx; (2) calculating the 
gain error with respect to the +25°C value; and (3) divid- 
ing by the temperature change. 
Offset Drift 

Offset drift is a measure of the change in the output with 
FFFFh applied to the digital inputs over the specified 
temperature range. The maximum change in offset at 



tMiN or tMAx is referenced to the offset error at +25°C 
and is divided by the temperature change. This drift is 
expressed in parts per million of full scale range per 
degree centigrade (ppm of FSR/°C). 

SETTLING TIME 

Settling time of the D/A is the total time required for the 
analog output to settle within an error band around its 
final value after a change in digital input. Refer to Figure 
1 for typical values for this family of products. 
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FIGURE 1. Final-Value Error Band Versus Full-Scale 
Range Settling Time. 

Voltage Output 

Settling times are specified to ±0.003% of FSR (±1/2LSB 
for 14 bits) for two input conditions: a full-scale range 
change of 20V (COB) or lOV (CSB) and a ILSB change 
at the "major carry," the point at which the worst-case 
settling time occurs. (This is the worst-case point since 
all of the input bits change when going from one code to 
the next). 

Current Output 

Settling times are specified to ±0.003% of FSR for a 
full-scale range change for two output load conditions: 
one for lOH to lOOH and one for lOOOH. It is specified 
this way because the output RC time constant becomes 
the dominant factor in determining settling time for 
large resistive loads. 

COMPLIANCE VOLTAGE 

Compliance voltage applies only to current output mod- 
els. It is the maximum voltage swing allowed on the 
output current pin while still being able to maintain speci- 
fied accuracy. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/A converter 
output. It is defined as a percent of FSR change in the 
output per percent of change in either the positive supply 
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(+Vcc), negative supply (-Vcc) or logic supply (Vdd) 
about the nominal power supply voltages (see Figure 2). 
I is specified for DC or low frequency changes. The typi- 
cal performance curve in Figure 2 shows the effect of 
high frequency changes in power supply voltages. 
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FIGURE 2. Power Supply Rejection Versus Power 
Supply Ripple Frequency. 

REFERENCE SUPPLY 

All models have an internal low-noise +6.3V reference 
voltage derived from an on-chip buried zener diode. This 
reference voltage is available to the user. A minimum of 
200/uA is available for external loads. Since the output 
impedance of the reference output is typically lO, the 
external load should remain constant. 
If a varying load is to be driven by the reference supply, 
an external buffer amplifier is recommended to drive the 
load in order to isolate the Bipolar Offset (connected 
internally to the reference) from load variations. 

BURN-IN SCREENING 

Burn-in screening is an option available for the entire 
DAC71 family of products. Burn-in duration is 160 
hours at the maximum specified grade operating 
temperature (or equivalent combination of time and 
temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 



OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors (1/uF to 
lOjuF tantalum recommended) should be located close to 
the DAC71. Electrolytic capacitors, if used, should be 



paralleled with O.OI/iF ceramic capacitors for best high 
frequency performance. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external 
offset and gain potentiometers. Connect these potentio- 
meters as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
be 100ppm/°C or less. The 3.9Ma and SlOkO resistors 
(20% carbon or better) should be located close to the 
DAC71 to prevent noise pickup. If it is not convenient to 
use these high-value resistors, an equivalent "T" net- 
work, as shown in Figure 3, may be substituted in place 
of the 3.9Mn. A O.OOl/uF to O.OljuF ceramic capacitor 
should be connected from Gain Adjust (pin 22) to com- 
mon to prevent noise pickup. Refer to Figures 4 and 5 
for relationship of offset and gain adjustments to unipo- 
lar and bipolar D/A converters. 




FIGURE 3. Equivalent Resistances. 
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FIGURE 4. Relationship of Offset and Gain Adjust- 
ments for a Unipolar D/A Converter. 
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FIGURE 5. Relationship of Offset and Gain Adjust- 
ments for a Bipolar D/ A Converter. 
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TABLE II. Digital Input and Analog Output Relationships. 



VOLTAGE OUTPUT MODELS | 


Digital Input Code 


Analog Output | 


Unipolar 


Bipolar 1 


16-bit 


15-bit 


14-bit 


16-bit 


15-bit 


14-bit 


One LSB (//V) 
OOOOh (V) 
FFFFh (V) 


153 

+9 99985 




305 

+9 99969 




610 

+9 99939 




305 
-f-9 99969 
-10 0000 


610 
+9 99939 
-10 0000 


1224 
+9 99878 
-10 0000 


CURRENT OUTPUT MODELS | 


Digital Input Code 


Analog Output | 


Unipolar 


1 


16-bit 


15-bit 


14-bit 


16-bit 


15-bit 


14-bit 


One LSB (/uA) 
OOOOh (mA) 
FFFFh (mA) 


031 

-1 99997 




061 

-1 99994 




0122 

-1 99988 




031 
-0 99997 
+1 00000 


0.061 
-0 99994 
+1 00000 


0122 
-0 99988 
-f-1 00000 



OFFSET ADJUSTMENT 

For unipolar (CSB) configurations, apply the digital 
input code that should produce zero potential output 
and adjust the offset potentiometer for zero output. 
For bipolar (COB) configurations, apply the digital 
input code that should produce the maximum negative 
output voltage. The COB model is internally connected 
for a 20V FSR range where the maximum negative out- 
put voltage is — lOV. See Table II for corresponding 
codes and the Connection Diagram for offset adjustment 
connections. Offset adjust should be made prior to gain 
adjust. 

GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive out- 
put voltage. Adjust the gain potentiomenter for this posi- 
tive full scale voltage. See Table II for positive full scale 
voltages and the Connection Diagram for gain adjust- 
ment connections. 

INSTALLATION 
CONSIDERATIONS 

This D/A converter is laser-trimmed to 14-bit linearity. 
The design of the device makes the 16-bit resolution 
available. If 16-bit resolution is not required, bits 15 and 
16 should be connected to Vdd through a single IkH 
resistor. 

Due to the extremely-high resolution and linearity of the 
D/A converter, system design problems such as ground- 
ing and contact resistance become very important. For a 
16-bit converter with a ±10V full-scale range, ILSB is 
153/iV. With a load current of 5mA, series wiring and 
connector resistance of only 30mn will cause the output 
to be in error by ILSB. To understand what this means in 
terms of a system layout, the resistance of #23 wire is 
about 0.02in/ft. Neglecting contact resistance, less than 
18 inches of wire will produce a ILSB error in the analog 
output voltage! 



In Figures 6, 7, and 8, lead and contact resistances are 
represented by Ri through Rs. As long as the load resist- 
ance Rl is constant, R2 simply introduces a gain error 
and can be removed during initial calibration. R3 is part 
of Rl, if the output voltage is sensed at Common, and 
therefore introduces no error. If Rl is variable, then R2 
should be less than Rl min/2^^ to reduce voltage drops 
due to wiring to less than ILSB. For example, if Rl min is 
5kn, then R2 should be less than 0.080. Rl should be 
located as close as possible to the D/A converter for 
optimum performance. The effect of R4 is negligible. 

In many applications it is impractical to sense the output 
voltage at the output pin. Sensing the output voltage at 
the system ground point is permissible with the DAC71 
because the D/A converter is designed to have a constant 




d 



SYSTEM GROUND POINT 

+yr- 



*Rb = 21(0 (VOLTAGE OUTPUT MODELS) 



FIGURE 6. Output Circuit for Voltage Models. 
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return current of approximately 2mA flowing from 
Common. The variation in this current is under 20/xA 
(with changing input codes), therefore R4 can be as large 
as 3n without adversely affecting the linearity of the 
D/A converter. The voltage drop across R4 (R4 X 2mA) 
appears as a zero error and can be removed with the zero 
calibration adjustment. This alternate sensing point (the 
system ground point) is shown in Figures 6, 7, and 8. 

Figures 7 and 8 show two methods of connecting the 
current output models with external precision output op 
amps. By sensing the output voltage at the load resistor 
(i.e., by connecting Rf to the output of Ai at Rl), the 
effect of Rl and R2 is greatly reduced. Ri will cause a gain 
error but is independent of the value of Rl and can be 
eliminated by initial calibration adjustments. The effect 
of R2 is negligible because it is inside the feedback loop 
of the output op amp and is therefore greatly reduced by 
the loop gain. 

If the output cannot be sensed at Common or the system 
ground point as mentioned above, the differential output 
circuit shown in Figure 8 is recommended. In this circuit 
the output voltage is sensed at the load common and not 
at the D/A converter common as in the previous circuits. 
The value of Re and R? must be adjusted for maximum 
common-mode rejection at Rl. Note that if R3 is negligi- 
ble, the circuit of Figure 8 can be reduced to the one 
shown in Figure 7. Again the effect of R4 is negligible. 



CURRENT OUTPUT MODELS 




ALTERNATE I 
SENSE CONNECTION 

TO +Vcc - 



TQ-Vcc- 



TOVo, 



TX 



lA/F 



SYSTEM GROUND POINT 



COM 



+5V0C 
SUPPLY 





Rb 


Rf 


Rdac 


COB 
CSB 


2 45kn 
4 0kO 


lOkn 
6kfi 


2 45kO 
4kn 



t Rb Should be equal to the output impedance at the current output to com- 
pensate for the bias current drift of Ai. Use standard 10%. 1/4W carbon 
composition or equivalent resistors. 



FIGURE 7. Preferred External Op Amp 
Configuration. 



CURRENT OUTPUT MODELS 
Rf 




TO +Vcc -^ 



TO -Vcc 1- 



TOVdd — 



^ T^f 



Rs 4- R7 = Rf + Rl 
Re = Rdac 



SYSTEM GROUND POINT 



+V 



COM 



+5VDC 
SUPPLY 





Rf 


Rdac 


COB 
CSB 


lOkO 
5kQ 


2 45kn 

4kn 



FIGURE 8. Differential Sensing Output Op Amp 
Configuration. 

The D/A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EMI. The key concept in elimination 
of RF radiation or pickup is loop area; therefore, signal 
leads and their return conductors should be kept close 
together. This reduces the external magnetic field along 
with any radiation. Also, if a single lead and its return 
conductor are wired close together, they present a small 
flux-capture cross section for any external field. This 
reduces radiation pickup in the circuit. 

APPLICATIONS 

DRIVING AN EXTERNAL OP AMP WITH 
CURRENT OUTPUT DACs 

The DAC71 current output models will drive the sum- 
ming junction of an op amp to produce an output volt- 
age as shown in Figure 9. Use of the internal feedback 
resistor is required to obtain specified gain accuracy and 
low gain drift. 

Current output models can be scaled for any desired 
voltage range with an external feedback resistor, but at 
the expense of increased drifts of up to ±50ppm/ °C. The 
resistors in the D/A converter ratio track to ±lppm/°C 
but their absolute TCR may be as high as ±50ppm/°C. 
An alternative method of scaling the output voltage of 
the D/A converter and preserving the low gain drift is 
shown in Figure 10. 
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OUTPUTS LARGER THAN 20V RANGE 

For output voltage ranges larger than ±10V, a high volt- 
age op amp may be employed with an external feedback 
resistor. Use Iout values of ±lmA for bipolar voltage 
ranges and —2mA for unipolar voltage ranges (see Fig- 
ure 11). Use protection diodes as shown when a high 
voltage op amp is used. 





*Ri. R2 TCR < ±10ppni/°C 



FIGURE 10. External Op Amp Using Internal and 

External Feedback Resistors to Maintain 
Low Gain Drift. 



FIGURE 9. External Op Amp Using Internal 
Feedback Resistors. 




FIGURE 11. External Op Amp Using External 
Feedback Resistors. 
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BURR-BRO>A/N ® 

MMMi 




DAC71-CCD 



High Resolution 
16-BiT DIGITAL-TO-ANALOG CONVERTER 



FEATURES 

• 16-BIT. 4-DIGIT RESOLUTION 

• ±0.005% MAXIMUM NONLINEARITY 

• LOW DRIFT. ±7ppin/°C TYPICAL 

• CURRENT AND VOLTAGE MODELS 

• LOW COST 



Voltage Model 



(O 



Zfr 



o- 
o- 
o- 
o- 

G- 
O- 

o4 

c 

10 



16-Bit 

Ladder 

Resistor 

Network 

and 

Current 

Switches 



Control 
— Circuit 



n 



^nrn 



— o 



C^ 6 3V Reference Out 
Q +15VDC 
O Gam Adjust 
C^ Summing Junction 

Common 
O -15VDC 
O +5VDC 

VOUT 



Digital 
Inputs 



DESCRIPTION 

The DAC71 is a high quality 16-bit hybrid IC D/A 
converter available in a 24-pin dual-in-line ceramic 
package. 

The DAC7I with internal reference and optional 
output amplifier offers a maximum linearity error of 
±0.005% of FSR at room temperature and a maxi- 
mum gain drift of ±20ppm/°C over a temperature 
rangeof0°Cto-l-70°C. 

The DAC71-CCD accepts complementary 4-digit 
BCD TTL-compatible input codes. 
Packaged within the DAC71 are fast-settUng switches 
and stable laser-trimmed thin-film resistors that let 
you select two output ranges: to -I-IOVDC (DAC71- 
CCD-V) and to -1.25mA (DAC71-CCD-I). 
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SPECIFICATIONS 

ELECTRICAL 

Typical at Ta = 25°C and rated power supplies unless otherwise noted 



MECHANICAL 



MODEL 


DAC71-CCD 


UNITS 




MIN 1 TYP 


MAX 


INPUT 1 


DIGITAL INPUT 










Resolution 




4 




Digits 


Logic Levels (TTL-Compatible)"' 










Logical "1" (at +40//A) 


+2 4 




+5 5 


VDC 


Logical "0" (at -1 6mA) 


« 




+0 4 


VDC 


TRANSFER CHARACTERISTICS | 


ACCURACY 










Lineanty Error at 25°C 






±0 005 


% of FSR"" 


Gam Error''* Voltage 




±0 01 


±01 


% 


Current 




±0 05 


±0 25 


% 


Offset Error''' Voltage, Unipolar 




±01 


±2 


mV 


Current, Unipolar 






±1 


//A 


Monotonicity, Temperature Range (14 bits) 







+50 


°C 


DRIFT (Over specified temp range) 










Total Error over Temperature Range'^' 










Voltage, Unipolar 






±0 063 


% of FSR 


Current, Unipolar 






±0 23 


% of FSR 


Gam Voltage 






±20 


ppm/°C 


Current 






±60 


ppmrc 


Offset Voltage, Unipolar 




±1 


±2 


ppm of FSR/°C 


Current, Unipolar 






±1 


ppm of FSR/°C 


Differential Linearity over Temperature 






±2 


ppm of FSR/°C 


Lineanty Error over Temperature 






±2 


ppm of FSR/°C 


SETTLING TIME 










Voltage Model (to ±0 005% of FSR) 










Output 20V Step 




5 


10 


US 


ILSBStep'^' 




3 


5 


/JS 


Slew Rate 




20 




V///S 


Current Model (to ±0.005% of FSR) 










Output 2mA step, lOfi to lOOQ Load 






1 


fIS 


IkOLoad 






3 


fJS 


Switching Transient 




500 




mV 


OUTPUT 1 


ANALOG OUTPUT 










Voltage Model 










Range 




to +10 




V 


Output Current 


±5 






mA 


Output Impedance (DC) 




05 




fi 


Short-Circuit Duration 


Indefinite to Com 


mon 




Current Model 










Range 




to -1 25 




mA 


Output Impedance, Unipolar 




15 




kQ 


Compliance 




±2.5 




V 


INTERNAL REFERENCE VOLTAGE 


60 


63 


66 


V 


Maximum External Current'^' 






±200 


A/A 


Temperature Coefficient of Drift 






±10 


ppm/°C 


POWER SUPPLY SENSITIVITY 










Unipolar Offset- ±15VDC 




±0 001 




% of FSR/%Vs 


+15VDC 




±0 001 




% of FSR/%Vs 


Gam ±15VDC 




±0 001 




% of FSR/%Vs 


+5VDC 




±0 0005 




% of FSR/%Vs 


POWER SUPPLY REQUIREMENTS 










Voltage 


±14 5, +4.75 


±15. +5 


±15 5. +5.25 


VDC 


Supply Dram ±15VDC (no load) 




±25 


±35 


mA 


+5VDC (logic supply) 




±20 


±35 


mA 


TEMPERATURE RANGE 










Specification 







+70 


"C 


Operating (double above Drift Specs) 


-25 




+85 


"C 


1 Storage 


-55 




+100 


°C 



*NOTES (1) Adding external CMOS hex buffers CD4009A will provide 15VDC CMOS input compatibility. 
The percent change m output AVo as logic varies from OV to +0 4V and logic 1 changes from +2 4V to +5 OV 
on all inputs is less than 006% of FSR (2) FSR means Full Scale Range and is 20V for ±10V range, 10V for 
±5V range, etc (3) Adjustable to zero with external trim potentiometer (4) With gam and offset errors 
adjusted to zero at 25°C (5) LSB is for 14-bit resolution (6) Maximum with no degradation of specifications 



NOTE Leads in true position 
within 0.10" (0.25mm) R at MMC 
at seating plane 



U 



rzi 



Pin numbers shown for reference only 
Numbers may not be marked on 
package 




DIM 


INCHES 


MILLIMETERS 1 


MIN 


MAX 


MIN 


MAX 


A 


1 310 


1 360 


33 27 


34 54 


B 


770 


810 


19 56 


20 57 


c 


150 


210 


381 


5 33 


D 


018 


021 


46 


53 


F 


035 


050 


89 


1 27 


G 


100 BASIC 


2 54 BASIC 1 


H 


110 


130 


2 79 


3 30 


K 


150 


250 


381 


6 35 


L 


600 BASIC 


15 24 BASIC 1 


N 


002 


010 


05 


25 


R 


85 


105 


2 16 


2 67 



CASE. Ceramic 

MATING CONNECTOR: 245MC 
WEIGHT. 8-4 grams (0 3 oz ) 
HERMETICITY: Conforms to method 
1014, condition C, step 1 (fluorocarbon) 
of MIL-STD-883 (gross leak). 
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CONNECTION DIAGRAM 



VOLTAGE MODEL 
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NOTE. Current Model 
does not contain A1 



PIN ASSIGNMENTS 






1 Model 


Pin 


V Model 


(MSB) Bit 1 


1 


Bit 1 (MSB) 


Bit 2 


2 


Bit 2 


Bit 3 


3 


Bit 3 


Bit 4 


4 


Bit 4 


Bits 


5 


Bit 5 


Bite 


6 


Bit 6 


Bit 7 


7 


Bit 7 


Bits 


8 


Bits 


Bit 9 


9 


Bit 9 


Bit 10 


10 


Bit 10 


Bit 11 


11 


Bit 11 


Bit 12 


12 


Bit 12 


Bit 13 


13 


Bit 13 


Bit 14 


14 


Bit 14 


Bit 15 


15 


Bit 15 


(LSB)Bit16 


16 


Bit 16 (LSB) 


Rf 


17 


VOUT 


+5VDC 


18 


+5VDC 


-15VDC 


19 


-15VDC 


COMMON 


20 


COMMON 


lOUT 


21 


SUMMING JUNCTION 


GAIN ADJUST 


22 


GAIN ADJUST 


+15VDC 


23 


+ 15VDC 


6 3V REF OUT 


24 


6 3V REF OUT 



Q 
O 
O 

I 

o 

< 
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DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC71 accepts comlementary digital input codes in 
decimal (CCD) format (see Table I). 

TABLE I. Digital Input Codes. 



DIGITAL INPUT CODES | 








CCD 


'Invert the 


t/3 








MSB of the 


n 






Complementary Coded 


COB code 


o 






Decimal 4 Digits 


with an 


> 








external 
inverter to 


D 


FS bits ON 0110 0110 


+ Full Scale 


O 


All Bits OFF 11 


11 1111 


Zero 


obtain CTC 
code 



ACCURACY 
Linearity 

This specification describes one of the truest measures of 
D/A converter accuracy. As defined it means that the 
analog output will not vary by more than ±0.005% max 
(CCD) from a straight line drawn through the end points 
(all bits ON and all bits OFF) at +25°C. 
Differential Linearity 

Differential linearity error of a D/A converter is the 
deviation from an ideal ILSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can be anywhere from 1/2LSB to 



3/2LSB when the input changes from one adjacent input 

stage to the next. 

Monotonicity 

Monotonicity over 0°C to +50°C is guaranteed. This 

insures that the analog output will increase or remain the 

same for increasing 14-bit input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (see Figure 1). Gain Drift is established by: 
I. testing the end point differences for each DAC71 

model at +25°C and the appropriate specification 

temperature extremes; 
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FIGURE 1. Gain Drift Error (%) vs Temperature. 
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2. calculating the gain error with respect to the +25°C 
value; and 

3. dividing by the temperature change. This is expressed 
in ppm/°C. 

Offset Drift is a measure of the actual change in output 

with all "l"s on the input over the specified temperature 

range. 

The maximum change in offset is referenced to the offset 

at +25°C and is divided by the temperature range. This 

drift is expressed in parts per million of full scale range 

per°C(ppmofFSR/°C). 

SETTLING TIME 

Settling time is the total time (including slew time) 
required for the output to settle within an error band 
around its final value after a change in input (see Figure 2). 




^5kn Feedback 



Settling Time (//s) 



FIGURE 2. Full Scale Range Settling Time vs 
Accuracy. 

Voltage Output Models 

Settling times are specified to ±0.005% of FSR; one for 
maximum full scale range changes of 20V and one for a 
ILSB change. The ILSB change is measured at the major 
carry (0111 ... 11 to 1000 . . . 00), the point at which the 
worst-case settling time occurs. 
Current Output Models 

Two settling times are specified to ±0.005% of FSR. 
Each is given for current models connected with two 
different resistive loads: lOO to lOOH and lOOOO. 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the output of the current models while 
maintaining specified accuracy. The typical compliance 
voltage of all current output models is +2.5V and 
maximum safe voltage swing permitted without damage 
is+5V. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive, negative, or logic supplies about the 
nominal power supply voltages (see Figure 3). 
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FIGURE 3. Power Supply Rejection vs Power Supply 
Ripple Frequency. 

REFERENCE SUPPLY 

All DAC71 models are supplied with an internal ±6.3V 
reference voltage supply. This reference voltage (pin 24) 
has a tolerance of ±5% and is connected internally for 
specified operation. The zener is selected for a Gain Drift 
of typically ±3ppm/°C and is burned-in for a total of 168 
hours for guaranteed reliability. This reference may also 
be used externally but the current drain is limited to 
200/xA. An external buffer amplifier is recommended if 
the DAC71 internal reference is used externally in order to 
provide a constant load to the reference supply output. 

OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors (l/uF tan- 
talum or electrolytic recommended) should be located 
close to the DAC71. Electrolytic capacitors, if used, 
should be paralleled with 0.01/uF ceramic capacitors for 
best high frequency performance. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external 
offset and gain potentiometers. Connect these poten- 
tiometers as shown in the Connection Diagram and 
adjust as described below. TCR of the potentiometers 
should be 100ppm/°C or less. The 3.9Mn and 270kn 
resistors (20% carbon or better) should be located close 
to the DAC71 to prevent noise pickup. If it is not 
convenient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure 4, may be substituted in 
place of the 3.9Mn. A O.OOI/xF to O.Ol/tiF ceramic 




FIGURE 4. Equivalent Resistances. 
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capacitor should be connected from Gain Adjust (pin 22) 
to common to prevent noise pickup. Refer to Figure 5 
for relationship of offset and gain adjustments to unipolar 
and bipolar D/A converters. 
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FIGURE 5. Relationship of Offset and Gain Adjust- 
ments for a Unipolar D/A Converter. 

Offset Adiustment 

For unipolar configurations, apply the digital input code 
that should produce zero potential output and adjust the 
offset potentiometer for zero output. 

See Table II for corresponding codes and the Connection 
Diagram for offset adjustment connections. Offset adjust 
should be made prior to gain adjust. 

TABLE II. Digital Input and Analog Output 
Relationships. 



DIGITAL INPUT CODE 


OUTPUT CODE 1 


VOLTAGE 


CURRENT 1 


16-Bit 
Resolution 


14-Bit 
Resolution 


16-Bit 
Resolution 


14-Bit 
Resolution 


Complementary Binary 
Coded Decimal CCD 
to *10VorOto -1 25mA 
OneLSB 

Full Scale 0110 0110 
All BitsOFF 1111 1111 


4-Digit 
Resolution 

•1 OmV 
•9 999V 
Zero 


N A 


4-Digit 
Resolution 


N A 


125mA 

-1 24987mA 

Zero 



Gain Adjustment 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full scale voltage. See Table II for positive full 
scale voltages and the Connection Diagram for gain 
adjustment connections. 

INSTALLATION 
CONSIDERATIONS 

Figure 6 shows the connection diagram for a voltage 
output DAC71. Lead and contact resistances are repre- 
sented by Ri through R5. As long as the load resistance 
Rl) is constant. R2 simply introduces a gain error that 
can be removed during initial calibration. R3 is part of 
Rl if the output voltage is sensed at Common (pin 20) 
and therefore introduces no error. If Rl is variable then 
R2 should be less than RLmin/2^'^ to reduce voltage drops 



due to wiring to less than ILSB. For example, if RLmm is 
skO, then R2 should be less than 0.080. Rl should be 
located as close as possible to the DAC71 for optimum 
performance. 



DAC71-CCD-V 



Rf^SKQ 




-^ 



.1 
1I9-X 



lytiF 



1//F 



* 4 ^^"^ 



Sense Output - 
+V, 



±15VDC 
Supply 



+5VDC 
Supply 



FIGURE 6. Output Circuit for Voltage Models. 

Figures 7 and 8 show two methods of connecting current 
model DAC71s with the external precision output op 
amps. By sensing the output voltage at the load resistor 
(i.e., by connecting Rf to the output of Ai at Ri) the 
effect of Rl and R2 is greatly reduced. Ri will cause a 
gain error but is independent of the value of Rl and can 
be eliminated during initial caHbration. The effect of R2 
is negligible because it is inside the feedback loop of the 
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1//F 
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Supply 



*Rb should be equal to the output impedance at Pm 21 to 
compensate for the bias current drift of Ai Use standard 10% 
1/4W carbon composition or equivalent resistors 
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FIGURE 7. Preferred External Op Amp Configuration. 
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output op amp and is therefore greatly reduced by the 
loop gain. If the output cannot be sensed at Common 
(pin 20), then the differental output circuit shown in 
Figure 8 is recommended. In this circuit the output 
voltage is sensed at the load common and not at the 
DAC common as in the previous circuits. The value of 
Re and R? must be adjusted for maximum common- 
mode rejection at Ri. Note that if R3 is negligible, the 
circuit of Figure 8 can be reduced to the one shown in 
Figure 8 because Rg = (R? + R5) || Re. In all three 
circuits the effect of R4 is negligible. 



DAC71-CCD-I 



Rs + R7 = Rf + Ri 
Re = Rdac 



^Sense 
f^LSQutput 



fo Pin 23- 




To Pin 19- 4— 



"^ 



TJ^ 



COM 



+5VDC 
Supply 



FIGURE 8. Differential Sensing Output Op Amp 
Configuration. 

The DAC71 and the wiring to its connectors should be 
located to provide optimum isolation from sources of 
RFI and EMI. The key word in elimination of RF 
radiation or pickup is loop area. Therefore, signal leads 
and their return conductors should be kept close together. 
This reduces the external magnetic field along with any 
radiation. Also, if a signal lead and its return conductor 
are wired close together, they present a small flux- 
capture cross section for any external field. This reduces 
radiation pickup in the circuit. 

NOTE: It is recommended that the digital input lines of 
the DAC71 be driven from inverters or buffers of TTL 
input registers to obtain specified accuracy. 




FIGURE 9. External Op Amp Using Internal 
Feedback Resistors. 

where Iout is the DAC71 output current and Rf is the 
feedback resistor. Use of the internal feedback resistor 
(pin 17) is required to obtain specified gain accuracy and 
low gain drift. 

The DAC71 can be scaled for any desired voltage range 
with an external feedback resistor, but at the expense of 
increased drifts of up to ±25ppm/°C. The resistors in the 
DAC71 are chosen for ratio tracking of ±lppm/°C and 
not absolute TCR (which may be as high at ±25ppm/ °C). 
An alternative method of scaling the output voltage of 
the DAC71 and preserving the low gain drift is shown in 
Figure 10. 




*Ri,R2TCR<±10ppm/°C 



FIGURE 10. External Op Amp Using Internal and 

External Feedback Resistors to Maintain 
Low Gain Drift. 



APPLICATIONS 

DRIVING AN EXTERNAL OP AMP WITH 
CURRENT OUTPUT DAC 

The DAC71-CCD-I is a current output device and will 

drive the summing junction of an op amp to produce an 

output voltage (see Figure 9). The op amp output 

voltage is: _ 

VouT — "~IouT Rf 
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BURR-BROWN 





DAC80 
DAC80P 



AVAILABLE IN 
DIE FORM 



Monolithic 12-Bit 
DIGITAL-TO-ANALOG CONVERTERS 



FEATURES 

• INDUSTRY STANDARD PINOUT 

• LOW POWER DISSIPATION: 345mW 

• FULL ±10V SWING WITH Vcc = ±12VDC 

• DIGITAL INPUTS ARE TTL- AND CMOS-COMPATIBLE 

• GUARANTEED SPECIFICATIONS WITH ±12V AND 
±15V SUPPLIES 

• SINGLE-CHIP DESIGN 

• ±1/2LSB MAXIMUM NONUNEARITY. 0°C to +70°C 

• GUARANTEED MONOTONICITY, 0°C to +70'C 

• TWO PACKAGE OPTIONS: Hermetic side-brazed 
ceramic and low-cost molded plastic 

• SETTLING TIME: Afjs. max to ±0.01% of Full Scale 

DESCRIPTION 

This monolithic digital-to-analog converter is pin- 
for-pin equivalent to the industry standard DAC80, 
first introduced by Burr-Brown. Its single-chip design 
includes the output amplifier and provides a highly 
stable reference capable of supplying up to 2.5mA to 
an external load without degradation of D/A 
performance. 

This converter uses proven circuit techniques to 
provide accurate and reliable performance over 
temperature and power supply variations. The use 
of a buried zener diode as the basis for the internal 
reference contributes to the high stability and low 
noise of the device. Advanced methods of laser 
trimming result in precision output current and 
output amplifier feedback resistors, as well as low 
integral and differential linearity errors. Innovative 
circuit design enables the DAC80 to operate at 
supply voltages as low as ±n.4V with no loss in 



performance or accuracy over any range of output 
voltage. The lower power dissipation of this 118-mil 
by 121-mil chip results in higher reliability and 
greater long term stability. 

Burr-Brown has further enhanced the reliability of 
the monolithic DAC80 by offering a hermetic, side- 
brazed, ceramic package. In addition, ease of use 
has been enhanced by eliminating the need for a 
+5V logic power supply. 

For applications requiring both reliability and low 
cost, the DAC80P in a molded plastic package 
offers the same electrical performance over temper- 
ature as the ceramic model. The DAC80P is available 
with either voltage or current output. 

For designs that require a wider temperature range, 
see Burr-Brown models DAC85H and DAC87H. 
For designs that require complementary coded deci- 
mal inputs, see Burr-Brown model DAC80-CCD-V 
(-1). 
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SPECIFICATIONS 

ELECTRICAL 

Typical at +25°C and ±Vcc = 12V or 16V unless otherwise noted 



MODEL 


DAC80 


UNITS 


PARAMETER 


MIN 


TYP 


MAX 


DIGITAL INPUT 










Resolution 






12 


Bits 


Logic Levels (0°C to +70°C)"' 










V,H (Logic "1") 


+2 




+16 5 


VDC 


V,L (Logic "0") 







+0.8 


VDC 


l,H (V,N = +2 4V) 






+20 


^i^ 


liL (V,N = +0.4V) 






-180 


H/K 


ACCURACY (at+25°C) 










Linearity Error 




±1/4 


±1/2 


LSB 


Differential Linearity Error 




±1/2 


±3/4 


LSB 


Gam Error'^' 




±0 1 


±0 3 


% 


Offset Error'"' 




±0 05 


±015 


% of FSR'^' 


DRIFT (0°C to +70°C)"" 










Total bipolar drift (includes gam, 










offset, and linearity drifts) 




±10 


±25 


ppm of FSR/°C 


Total Error Over CO to +70°C"" 










Unipolar 




±0 06 


±0.15 


% of FSR 


Bipolar 




±0 06 


±012 


% of FSR 


Gam Including Internal Reference 




±10 


±30 


ppm/°C 


Excluding Internal Reference 




±5 


±10 


ppm/°C 


Unipolar Offset 




±1 


±3 


ppm of FSR/°C 


Bipolar Offset 




±7 


±15 


ppm of FSR/°C 


Differential Linearity 0°C to +70°C 




±1/2 


±3/4 


LSB 


Linearity Error O'C to +70°C 




±1/4 


±1/2 


LSB 


Monotonicity Guaranteed 







+70 


°C 


CONVERSION SPEED, Vout models 










Settling Time to ±0 01% of FSR 










For FSR change (2kO || SOOpF load) 










with 10kn Feedback 




3 


4 


yus 


with 5kQ Feedback 




2 


3 


yus 


For 1LSB Change 




1 




A/s 


Slew Rate 


10 






V///S 


CONVERSION SPEED, Iqut models 










Settling Time to ±0 01% of FSR 










For FSR change. 10O to 100Q load 




300 




ns 


1ka load 




1 




//s 


ANALOG OUTPUT, Vout models 










Ranges 


±2 5,: 


t5, ±10, + 


5, +10 


V 


Output Current'"' 


±5 






mA 


Output Impedance (DC) 




05 




fi 


Short Circuit to Common, Duration'^' 




Indefinite 
















Ranges. Bipolar 


±0.96 


±10 


±104 


mA 


Unipolar 


-1.96 


-2 


-2 04 


mA 


Output Impedance Bipolar 


2.6 


3.2 


37 


kfi 


Unipolar 


46 


66 


86 


kfi 


Compliance 


-2 5 




+2 5 


V 


REFERENCE VOLTAGE OUTPUT 


+6.23 


+6 30 


+6 37 


V 


External Current (constant load) 






25 


mA 


Drift vs Temperature 




±10 


±20 


ppm/°C 


Output Impedance 




1 







POWER SUPPLY SENSITIVITY 










Vcc = ±12VDCor±15VDC 




±0 002 


±0.006 


% FSR/ % Vcc 


POWER SUPPLY REQUIREMENTS 










±Vcc 


±11.4 




±165 


VDC 


Supply Dram (no load). +Vcc 




8 


12 


mA 


-Vcc 




15 


20 


mA 


Power Dissipation (Vcc = ±15VDC) 




345 


480 


mW 


TEMPERATURE RANGE 










Specification 







+70 


°C 


Operating 


-25 




+85 


°C 


Storage. Plastic DIP 


-60 




+100 


°C 


Ceramic DIP 


-65 




+150 


°C 



MECHANICAL 



Hermetic Ceramjc 24-Leacl DIP 









»-=n 




24 






13 
12 




) 


















. "^-^ 


*- 





NOTE 

Leads m true position 
Within 010" (0 25mm) 
R at MMC at seating plane 

Pin numbers shown for 
reference only Numbers 
may not be marked on 
package 



NOTES (1) Refer to "Logic Input Compatibility" section (2) Adjustable to zero with 
external trim potentiometer. (3) FSR means full scale range and is 20V for ±10V range, 
10V for ±5V range for Vout models; 2mA for lour models (4) To maintain drift spec, 
internal feedback resistors must be used (5) Includes the effects of gam, offset and 
linearity drift Gam and offset errors externally adjusted to zero at +25''C. (6) For ±Vcc 
less than ±12VDC, limit output current load to ±2.5mA to maintain ±10V full scale output 
voltage swing For output range of ±5V or less, the output current is ±5mA over entire ±Vcc 
range (7) Short circuit current is 40mA, max 




-.^. \ 



M 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1 185 


1 215 


30 10 


30 86 


C 


105 


170 


2 67 


4 32 


D 


015 


021 


38 




F 


035 


060 


89 


1 52 


G 


100 BASIC 


2 54 BASIC 1 


H 


030 


070 


76 


1 78 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


6 10 


L 


600 BASIC 


15 24 BASIC 


M 


-- 10° 


1 'OO 


N 




064 I ,52 



PIN Pin material and 
plating composition con- 
form to method 2003 
(solderabihty) of MIL- 
STD-883 (except para- 
graph 3 2) 

HERN/IETICITY Con- 
forms to Method 1014, 
Condition A1 or A2 (fine 
leak) and Condition C 
(gross leak). Metal lid of 
package is connected to 
-Vcc internally 

CASE Ceramic 

MATING CONNECTOR 

0245MC 

WEIGHT 4 1 grams 

(0 15 oz ) 



Molded Plastic 24-Lead DIP 




VV Wu"u'VSi"u"ij"u"u' 




£3 



^'b^ 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1.23S 


1.203 


31.32 


32.60 




.Bsa 


.676 


13.07 


14.01 


C 


.100 


.224 


4.20 


6.70 




.016 


.023 


tM 


0.60 


F 


.040 


.002 


1.00 


1.67 





.100 BASIC 


2.64 BASIC 1 




.030 


.000 


0.70 


2 20 


J 


.000 


.016 


0.20 


0.30 




.100 


.132 


2.64 


3.36 




.000 BASIC 


16.24 BASIC 




0» 16« 


0« 16* 


N 


.010 .022 


40 0.60 



NOTE 

Leads in true position 
within 010" (0 25mm) 
R at MMC at seating plane 

PIN Pin material and 
plating composition con- 
form to method 2003 
(solderabihty) of MIL- 
STD-883 (except para- 
graph 3 2) 

CASE Plastic 

MATING CONNECTOR 

0245MC 

WEIGHT 3 7 grams 

(0 13OZ) 
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FUNCTIONAL DIAGRAM AND PIN ASSIGNMENTS 



Voltage Models 



Current Models 




(MSB) Bit 1 [T --pX~ 

Bit 2 [T 1 — 



(LSB) Bit 12 Q^ 



"24] 6 3V Reference Out 
"23] Gam Adjust 

+Vcc 
21] Common 
20J Summing Junction 
•19] 20V'Range 
"is] 10V Range 
17] Bipolar Offset 
le] Reference Input 

25] VouT 

TTj-Vcc 
]3]nc* 

*Logic supply applied to this pin has no effect 




6 3V Reference Out 



Reference ■ — . 
Control - 23| Gam Adjust 

£2]+Vcc 

21] Common 

"20] Scaling Network 

19] Scaling Network 

is] Scaling Network 

Tt] Bipolar Offset 

le] Reference Input 

Ts] louT 

"u] -Vcc 

"13] NO* 



00 
CO 

o 

< 

Q 



BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BP'to the 
base model number. 

ABSOLUTE MAXIMUM RATINGS 



DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC80 accepts complementary binary digital input 
codes. The CBI model may be connected by the user for 
any one of three complementary codes: CSB, COB, or 
CTC (see Table I). 

TABLE I. Digital Input Codes. 



+Vcc to Common 


OV to +18V 


-Vcc to Common 


OV to -18V 


Digital Data Inputs to Common 


-1Vto+18V 


Reference Output to Common 


±Vcc 


Reference Input to Common 


±Vcc 


Bipolar Offset to Common , . . 


. . ±Vcc 


lOV Range R to Common 


±Vcc 


20V Range R to Common 


±Vcc 


External Voltage to DAC Output 


-5V to +5V 


Lead Temperature, Soldering 


+300''C. 10s 


Max Junction Temperature 


. 165X 


Thermal Resistance, ^ja: Plastic DIP 


lOO^C/W 


Ceramic DIP 


65°C/W 


stresses above those listed under "Absolute Maximum Ratings" may 


cause permanent damage to the device. Exposure to absolute max- 


imum conditions for extended periods may affect device reliability. 



DIGITAL INPUT 


ANALOG OUTPUT 


MSB LSB 
■ I [■ 
000000000000 
011111111111 
100000000000 

111111111111 


CSB 
CompI 
Straight 

Binary 


COB 
CompL 
Offset 

Binary 


CTC* 
CompI 

Two's 
CompI 


+Full Scale 

+1/2 Full Scale 

1/2 Full Scale -1 LSB 

Zero 


fFull Scale 

Zero 

-1LSB 

-Full Scale 


-1LSB 
-Full Scale 
-Full Scale 

Zero 


♦ Invert the MSB of the COB code with an external inverter to obtain 1 
CTC code. 1 



ORDERING INFORMATION 



Model 


Package 


Output 


DAC80-CBI-I 

DAC80Z-CBI-I 

DAC80-CBI-V 

DAC80Z-CBI-V 

DAC80P-CBI-I 

DAC80P-CBI-V 


Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Plastic DIP 
Plastic DIP 


Current 
Current 
Voltage 
Voltage 
Current 
Voltage 


BURN-IN SCREENING OPTION 1 


Model 


Pacl(age 


Burn-In Temp. 

nsoh)"' 


DAC80-CBI-V-BI 
DAC8QP-CBI-V-RI 


Ceramic DIP 


+125°C 



(0 
DC 
UJ 

I- 
DC 
Ui 

> 

z 
o 
o 

< 



z 

UI 

s 



NOTE (1) Or equivalent combination See text 
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ACCURACY 

Linearity of a D/A converter is the true measure of its 
performance. The linearity error of the DAC80 is specified 
over its entire temperature range. This means that the 
analog output will not vary by more than +1/2LSB, 
maximum, from an ideal straight line drawn between the 
end points (inputs all "l"s and all "0"s) over the specified 
temperature range of 0°C to +70°C. 
Differential linearity error of a D/A converter is the 
deviation from an ideal ILSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can range from 1/2LSB to 3/2LSB 
when the input changes from one adjacent input state to 
the next. 

Monotonicity over a 0°C to +70°C range is guaranteed 
in the DAC80 to insure that the analog output will 
increase or remain the same for increasing input digital 
codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (ppm/°C). Gain drift is established by: 1) 
testing the end point differences for each DAC80 model 
at 0°C, +25°C and +70°C; 2) calculating the gain error 
with respect to the 25°C value and; 3) dividing by the 
temperature change. This figure is expressed in ppm/°C 
and is given in the electrical specifications both with and 
without internal reference. 

Offset Drift is a measure of the actual change in output 
with all "T's on the input over the specified temperature 
range. The offset is measured at 0°C, +25°C and +70°C. 
The maximum change in Offset is referenced to the 
Offset at 25°C and is divided by the temperature range. 
This drift is expressed in parts per million of full scale 
range per °C (ppm of FSR/°C). 

SETTLING TIME 

Settling time for each DAC80 model is the total time 
(including slew time) required for the output to settle 
within an error band around its final value after a change 
in input (see Figure 1). 



V Models 



lOkO 
Feedback 




1 10 

Settling Time (/us) 



FIGURE 1. Full Scale Range Settling Time vs Accuracy 



Voltage Output Models 

Three settling times are specified to ±0.01% of full scale 
range (FSR); two for maximum full scale range changes 
of 20V, lOV and one for a ILSB change. The ILSB 
change is measured at the major carry (0111 ... 11 to 
1000 . . . 00), the point at which the worst case settling 
time occurs. 

Current Output Models 

Two settHng times are specified to ±0.01% of FSR. Each 
is given for current models connected with two different 
resistive loads: lOH to lOOH and lOOOH to 18750. Internal 
resistors are provided for connecting nominal load 
resistances of approximately lOOOO to 18000 for output 
voltage range of ±1V and to — 2V (see Figures 11 and 12). 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
all current output models is ±2.5V. Maximum safe 
voltage range of ±1 V and to — 2V. (See Figures 1 1 and 
12). 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive or negative supplies about the nominal 
power supply voltages (see Figure 2). 



% of FSR Error per % of Change in Vcc 
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FIGURE 2. Power Supply Rejection vs Power Supply 
Ripple. 

REFERENCE SUPPLY 

All DAC80 models are supplied with an internal 6.3V 
reference voltage supply. This voltage (pin 24) has a 
tolerance of ±1% and must be connected to the Reference 
Input (pin 16) for specified operation. This reference may 
be used externally also, but external current drain is 
limited to 2.5mA. 
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If a varying load is to be driven, an external buffer 
amplifier is recommended to drive the load in order to 
isolate bipolar offset from load variations. Gain and 
bipolar offset adjustments should be made under constant 
load conditions. 

LOGIC INPUT COMPATIBILITY 

DAC80 digital inputs are TTL, LSTTL and 4000B, 
54/74HC CMOS compatible. The input switching 
threshold remains at the TTL threshold over the entire 
supply range. 

Logic "0" input current over temperature is low enough 
to permit driving DAC80 directly from outputs of 4000B 
and 54/74C CMOS devices. 

OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

Connect power supply voltages as shown in Figure 3. 
For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown. 
These capacitors (l/uF tantalum) should be located close 
to the DAC80. 

±12V OPERATION 

All DAC80 models can operate over the entire power 
supply range of ± 11.4V to ± 16.5V. Even with supply 
levels dropping to ± 11.4V, the DAC80 can swing a full 
±10V range, provided the load current is limited to 
±2. 5m A. With power supplies greater than ±12V, the 
DAC80 output can be loaded up to ±5mA. For output 
swing of ±5V or less, the output current is ±5mA, min. 
over the entire Vcc range. 



No bleed resistor is needed from +Vcc to pin 24, as was 
needed with prior hybrid Z versions of DAC80. Existing 
±12V applications that are being converted to the mono- 
lithic DAC80 must omit the resistor to pin 24 to insure 
proper operation. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these poten- 
tiometers as shown in Figure 3 and adjust as described 
below. TCR of the potentiometers should be 100ppm/°C 
or less. The 3.9Mn and lOMH resistors (20% carbon or 
better) should be located close to the DAC80 to prevent 
noise pickup. If it is not convenient to use these high 
value resistors, an equivalent "T" network, as shown in 
Figure 4, may be substituted. 



lOMQ 



270kO 270kO 

ItolOkQ 
180kO *=■ 180kO 



> 7 8kn to 
IBOkO *=■ 180kO 
|lOkO 



FIGURE 4. Equivalent Resistances. 

Existing applications that are converting to the mono- 
lithic DAC80 must change the gain trim resistor on pin 
23 from 33Mn to lOMH to insure sufficient adjustment 
range. Pin 23 is a high impedance point and a 0.00 1 ju 1 F to 
0.01/uF ceramic. capacitor should be connected from this 
pin to Common (pin 21) to prevent noise pickup. Refer 
to Figure 5 for relationship of Offset and Gain adjust- 
ments to unipolar and bipolar D/A operation. 
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FIGURE 3. Power Supply and External Adjustment Connection Diagrams 
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FIGURE 5. Relationship of Offset and Gain Adjustments 
for a Unipolar and Bipolar D/A Converter. 

Offset Adjustment 

For unipolar (CSB) configurations, apply the digital 
input code that should produce zero potential output 
and adjust the Offset potentiometer for zero output. 
For bipolar (COB, CTC) configurations, apply the digital 
input code that should produce the maximum negative 
output. Example: If the Full Scale Range is connected 
for 20V, the maximum negative output voltage is — lOV. 
See Table II for corresponding codes. 

TABLE II. Digital Input/Analog Output. 



DIGITAL INPUT 


ANALOG OUTPUT 


VOLTAGE * 


CURRENT J 


MSB LSB 
000000000000 


Oto+lOV 


±10V 


to -2 mA 


±1mA 


+9 9976V 


+9 9951V 


-1 9995mA 


-0 9995mA 


011111111111 


+5 OOOOV 


OOOOV 


-1 oooomA 


OOOOmA 


100000000000 


+4 9976V 


-0 0049V 


-0 9995mA 


+0 0005mA 


111111111111 


OOOOV 


-10 OOOOV 


OOOOmA 


+1 000mA 


One LSB 


2 44mV 


4 88mV 


488mA 


0.488mA 


*To obtain values fc 


)r other binary ranges 


0to+5V range di 


vide to +10V range values by 2 


±5V range- divide 


±10V range values by 2 


±2 5V range divi 


de ±10V range values by 4 



Gain Adjustment 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive 
output. Adjust the Gain potentiometer for this positive 
full scale output. See Table II for positive full scale 
voltages and currents. 

VOLTAGE OUTPUT MODELS 
Output Range Connections 

Internal scaling resistors provided in the DAC80 may be 
connected to produce bipolar output voltage ranges of 



±10V, ±5V or ±2.5 V or unipolar output voltage ranges 
of to +5V or to +10V. See Figure 6. 



Reference Input 
16- 



n. 



To Reference Control Circuit 
!rr^^ Offset 



Summing 
f~Junction 

From Weighted ^q 
Resistor 
Network 




* Resistor Tolerances ±2% max 



FIGURE 6. Output Amplifier Voltage Range Scaling 
Circuit. 

Gain and offset drift are minimized because of the 
thermal tracking of the scaling resistors with other 
internal device components. Connections for various 
output voltage ranges are shown in Table III. Settling 
time for a full-scale range change is specified as 4)us for 
the 20V range and 3)us for the lOV range. 

TABLE III. Output Voltage Range Connections for 
Voltage Models. 



Output 


Digital 


Connect 


Connect 


Connect 


Connect 


Range 


Input Codes 


Pin 15 to 


Pin 17 to 


Pin 19 to 


Pin 16 to 


±10 


COB or CTC 


19 


20 


15 


24 


±5 


COB or CTC 


18 


20 


NC 


24 


±2.5V 


COB or CTC 


18 


20 


20 


24 


to +10V 


CSB 


18 


21 


NC 


24 


to +5V 


CSB 


18 


21 


20 


24 



CURRENT OUTPUT MODELS 

The resistive scaling network and equivalent output 
circuit of the current model differ from the voltage 
model and are shown in Figures 7 and 8. 



Reference Input 
16 - 



To Reference 
Control Circuit 



6 3kfi* 



"3 

15 J 



3kO* 



2kQ* 
-V/v— 



♦Resistor Tolerances ±2% max. 



-19 
-20 



FIGURE 7. Internal Scaling Resistors. 



Oto 
2mA ■ 




24 Reference Out 



17 Bipolar Offset 



16 Reference Input 
15 louT 



FIGURE 8. Current Output Model Equivalent Output 
Circuit. 
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Internal scaling resistors (Figure 7) are provided to scale 

an external op amp or to configure load resistors for a 

voltage output. These connections are described in the 

following sections. 

If the internal resistors are not used for voltage scaling, 

external Rl (or Rf) resistors should have a TCR of 

±25ppm/°C or less to minimize drift. This will typically 

add ±50ppm/°C plus the TCR of Rl (or Rf) to the total 

drift. 

Driving An External Op Amp 

The current output model DAC80 will drive the summing 

junction of an op amp used as a current-to-voltage 

converter to produce an output voltage. See Figure 9. 





20V Range 



10V Range 



7^ 

»^OPA602* 



© 
-o 



VOUT 



" For fast settling 



FIGURE 9. External Op-Amp — Using Internal 
Feedback Resistors. 

VouT = louT X Rf 
where Iout is the DAC80 output current and Rf is the 
feedback resistor. Using the internal feedback resistors 
of the current output model DAC80 provides output 
voltage ranges the same as the voltage model DAC80. To 
obtain the desired output voltage range when connecting 
an external op amp, refer to Table IV. 

TABLE IV. Voltage Range of Current Output 



Output 


Digital 


Connect 


Connect 


Connect 


Connect 


Range 


Input Codes 


(A) to 


Pin 17 to 


Pin 19 to 


Pin 16 to 


±10V 


COB or CTC 


19 


15 


(?) 


24 


±5V 


COB or CTC 


18 


15 


NC 


24 


±2 5V 


COB or CTC 


18 


15 


15 


24 


Oto+lOV 


CSB 


18 


21 


NC 


24 


to +5V 


CSB 


18 


21 


15 


24 



Output Larger Than 20V Range 

For output voltage ranges larger than +10V, a high 
voltage op amp may be employed with an external 
feedback resistor. Use Iout values of ±lmA for bipolar 
voltage ranges and —2mA for unipolar voltage ranges. 
See Figure 10. Use protection diodes when a high voltage 
op amp is used. 

The feedback resistor, Rf, should have a temperature 
coefficient as low as possible. Using an external feedback 
resistor, overall drift of the circuit increases due to the 
lack of temperature tracking between Rf and the internal 
scaling resistor network. This will typically add 50ppm/°C 
plus Rf drift to total drift. 




FIGURE 10. External Op-Amp— Using External 
Feedback Resistors. 

Driving a Resistive Load Unipolar 

A load resistance, Rl = Rli + Rls, connected as shown 
in Figure 11 will generate a voltage range, Voui, deter- 
mined by: 

VouT = -2mA [ (Rl X Ro) -^ (Rl + Ro) ] 



Current Controlled 
by Digital Input 



Aoto i 
Viy-2mA| 




VouT 



^Rls 



FIGURE 11. Current Output Model Equivalent Circuit 
Connected for Unipolar Voltage Output 
with Resistive Load. 

The unipolar output impedance Ro equals 6.6kn (typ) 
and Rli is the internal load resistance of 9680 (derived 
by connecting pin 15 to pin 20 and pin 18 to 19). By 
choosing Rls = 2100, Rl = 11780. Rl in parallel with 
Ro yields IkO total load. This gives an output range of 
to — 2V. Since Ro is not exact, initial trimming per 
Figure 3 may be necessary; also Rls may be trimmed. 
Driving a Resistive Load Bipolar 
The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 12, Rl = Rli + Rls. Vout is 
determined by: 

Vout = ±lmA [ (Ro X Rl) ^ (Ro + Rl) ] 
By connecting pin 17 to 15, the output current becomes 
bipolar (±lmA) and the output impedance Ro becomes 
3.2kO (6.6kO in parallel with 6.3kO). Rli is 1200O 
(derived by connecting pin 15 to 18 and pin 18 to 19). By 
choosing Rls = 2550, Rl = 14550. Rl in parallel with 
Ro yields IkO total load. This gives an output range of 
+ 1V. As indicated above, trimming may be necessary. 
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FIGURE 12. Current Output Model Connected for 
Bipolar Output Voltage with Resistive 
Load. 
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BURR-BROWN (J 




-^cftj^ > 



i i 



DAC85H 
DAC87H 



MILITARY 

VERSION 

AVAILABLE 



Monolithic 12-Bit 
DIGITAL-TO-ANALOG CONVERTERS 



FEATURES 

• INDUSTRY STANDARD PINOUT 

• LOW POWER DISSIPATION: 345mW 

• FULL ±10V SWING WITH Vcc = ±12VDC 

• DIGITAL INPUTS ARE TTL- AND CMOS-COMPATIBLE 

• GUARANTEED SPECIFICATIONS WITH ±12V AND 
±15V SUPPLIES 

• SINGLE-CHIP DESIGN 

• ±1/2LSB MAXIMUM NONLINEARITY. -55°C to 
+125°C 

• GUARANTEED MONOTONICITY. -55°C TO +125°C 

• PACKAGE: Hermetic Side-brazed Ceramic DIP 

• SETTLING TIME: 4//s max to ±0.01% of Full Scale 

DESCRIPTION 

These monolithic digital-to-analog converters are 
pin-for-pin equivalent to the industry standard 
D AC85 and DAC87 first introduced by Burr-Brown. 
Their single-chip design includes the output amplifier 
and provides a highly stable reference capable of 
supplying up to 2.5mA to an external load without 
degradation of D/A performance. 
These converters use proven circuit techniques to 
provide accurate and reliable performance over tem- 
perature and power supply variations. The use of a 
buried zener diode as the bias for the internal 
reference contributes to the high stability and low 
noise of the device. Advanced methods of laser 
trimming result in precision output current and 



output amplifier feedback resistors, as well as low 
integral and differential linearity errors. Innovative 
circuit design enables the DAC85 and DAC87 to 
operate at supply voltages as low as ± 11.4V with no 
loss in performance or accuracy over any range of 
output voltage. Ease of use has been enhanced by 
eliminating the need for a +5V logic power supply. 
The lower power dissipation of the 118 mil by 121 mil 
chip results in higher reliability and greater long 
term stability. 

Both models are available in a hermetic, side-brazed, 
ceramic DIP. The DAC85H is specified over the 
industrial temperature range of — 25°C to +85°C. 
The DAC87H is specified over the entire military 
temperature range of -55°C to +125°C. 
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SPECIFICATIONS 

ELECTRICAL 

Typical at +25°C and ±Vcc = 12V or 15V unless otherwise noted 



MODEL 


DAC85H 


DAC87H 


UNITS 


PARAMETER 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


DIGITAL INPUT 
















Resolution 






12 






* 


Bits 


Logic Levels (0°C to +70°C)"' 
















V,H (Logic "1") 


+2 




+16 5 


* 




* 


VDC 


V,L (Logic "0") 







+0 8 


* 




* 


VDC 


l,H (V,N = +2 4V) 






+20 






* 


A/A 


l,L (V,N = +0 4V) 






-180 






* 


/iA 


ACCURACY (at25°C) 
















Linearity Error 




±1/4 


±1/2 




* 


* 


LSB 


Differential Linearity Error 




±1/2 


±3/4 




* 


* 


LSB 


Gam Error'^' 




±01 


±0 2 






±0 1 


% 


Offset Error"" 




±0 5 


±01 






±0 05 


% of FSR'=" 


DRIFT (over specification 
















temperature range)"" 
















Total bipolar drift (mcldues gain, 
















offset, and linearity drifts) 




±10 


±25 






±30 


ppm of FSR/°C 


Total Error (over specification 
















temperature range'*' Unipolar 






±0.2 






* 


% of FSR 


Bipolar 






±0 12 






±0.2 


% of FSR 


Gam. Including Internal Reference 






±20 








ppm/°C 


Excluding Internal Reference 




±5 


±10 




* 




ppm/°C 


Unipolar Offset 






±3 








ppm of FSR/'C 


Bipolar Offset 






±10 








ppm of FSR/°C 


Differential Linearity 






±3/4 








LSB 


Linearity Error 




±1/4 


±1/2 




* 




LSB 


Monotonicity Guaranteed 


-25 




+85 


-55 




+125 


°C 


CONVERSION SPEED, Vout models 
















Settling Time to ±0.012% of FSR 
















For FSR change (2kO || 500pF load): 
















with 10kn Feedback 




3 


4 




* 


* 


//s 


with 5kfi Feedback 




2 


3 




* 


* 


/iS 


For 1LSB Change 




1 






* 




yws 


Slew Rate 


10 






* 






V//US 


CONVERSION SPEED, lour models 
















Settling Time to ±0.01% of FSR 
















For FSR change: 10n to lOOO load 




300 






* 




ns 


IkQ load 




1 






* 




yt/s 


ANALOG OUTPUT, Vout models 
















Ranges 


±2.£ 


>, ±5, ±10, +5, +10 




* 




V 


Output Current'®' 


±5 






>K 






mA 


Output Impedance (DC) 




0.05 






* 







Short Circuit to Common, Duration'^' 




Indefinite 






* 






ANALOG OUTPUT, Iqut models 
















Ranges: Bipolar 


±0.96 


±1.0 


±1.04 




* 


• 


mA 


Unipolar 


-1.96 


-2.0 


-2.04 




>K 


* 


mA 


Output Impedance. Bipolar 


2.6 


3.2 


3.7 




* 


* 


kfi 


Unipolar 


4.6 


6.6 


86 




* 


* 


kO 


Compliance 


-2.5 




+2.5 






* 


V 


REFERENCE VOLTAGE OUTPUT 


+6.23 


+6 30 


+6.37 




* 


* 


V 


External Current (constant load) 






2.5 






* 


mA 


Drift vs Temperature 






±20 






±10 


ppm/°C 


Output Impedance 




1 






* 







POWER SUPPLY SENSITIVITY 
















Vcc = ±12VDCor±15VDC 




±0 002 


±0.006 




* 


±0 004 


% FSR/ % Vcc 


POWER SUPPLY REQUIREMENTS 
















±Vcc 


±114 




±16.5 


* 




* 


VDC 


Supply Drain (no load) +Vcc 




8 


12 




* 


* 


mA 


-Vcc 




15 


20 




* 


* 


mA 


Power Dissipation (Vcc = ±15VDC) 




345 


480 




* 


* 


mW 


TEMPERATURE RANGE 
















Specification 


-25 




+85 


-55 




+125 


°C 


Storage 


-65 




+150 


* 




* 


°C 



♦Specification same as DAC85H 

NOTES (1) Referto "Logic Input Compatibility" section (2) Adjustable to zero with external trim potentiometer. (3) FSR means full scale range and is 20V for ±10V 
range, 10V for ±5V range for Vout models, 2mA for Iqut models. (4) To maintain drift spec, internal feedback resistors must be used (5) Includes the effects of gain, 
offset and linearity drift Gam and offset errors externally adjusted to zero at +25''C (6) For ±Vcc less than ±12VDC, limit output current load to ±2 5mA to maintain 
±10V full scale output voltage swing For output range of ±5V or less, the output current is ±5mA over entire ±Vcc range (7) Short circuit current is 40mA, max 
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FUNCTIONAL DIAGRAMS AND PIN ASSIGNMENTS 



Voltage Models 



Current Models 



"24] 6 3V Reference Out (MSB) Bit 1 
Bit 2 



Reference ■ — ■ 
Control - 23J Gam Adjust 



22]+Vcc 

21] Common 

20 1 Summing Junction 




Tsj NC* 




"^ 6 3V Reference Out 
- "23] Gam Adjust 
22|+Vcc 
21] Common 
^0] Scaling Network 
19] Scaling Network 
is] Scaling Network 
TF\ Bipolar Offset 
16J Reference Input 
Ti] louT 
T4]-Vcc 
"13] NC* 



Logic supply applied to this pin has no effect 



1^ 

00 



in 
00 
O 

< 



MECHANICAL 



ABSOLUTE MAXIMUM RATINGS 



PACKAGE (Hermetic DIP) 












24 

) 

1 

• 




13 
12 






^ A 





NOTE Leads in true position 
within 010" (0 25mm) R at 
MMC at seating plane Pin 
numbers shown for reference 
only Numbers many not be 
marked on package Metal lid 
■ of package is connected to 
— Vcc internally 
CASE Ceramic 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1185 


1215 


3010 


3086 


C 


105 


170 


2 67 


4 32 


D 


015 


021 


38 


53 


F 


035 


060 


89 


152 


G 


100 BASIC 


2 54 BASIC 


H 


030 


070 


76 


178 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


610 


L 


600 BASIC 


15 42 BASIC 


M 


— 


10° 


_ 


10° 


N 


025 


060 


064 


152 



MATING CONNECTOR 
0245MC 

WEIGHT 4 1 grams (0 15 oz ) 
PIN Pin material and plating 
composition conform to 
Method 2003 (solderability) of 
MIL-STD-883 (except 
paragraph 3 2) 

HERMETICITY Conforms to 
Method 1014, Condition A1 or 
A2 (fine leak) and Condition C 
(gross leak) 



+Vcc to Common 


OV to +18V 


-Vcc to Common 


OV to -18V 


Digital Data Inputs to Common 


-1Vto+18V 


Reference Output to Common 


. ±Vcc 


Reference Input to Common 


. ±Vcc 


Bipolar Offset to Common 


±Vcc 


10V Range R to Common 


. . . +Vcc 


20V Range R to Common 


±Vcc 


External Voltage to DAC Output . 


-5V to +5V 


Max Junction Temperature 


les^c 


Lead Temperature, Soldering 


+300°C. 10s 


Thermal Resistance, ^ja 


. 65°C/W 


Stresses above those listed under "Absolute Maximum Ratings" may | 




Exposure to absolute max- 


imum conditions for extended periods may affect device reliability. | 



ORDERING INFORMATION 



Model 


Output 


DAC85H-CBI-I 


Current 


DAC85H-CBI-IBI"' 


Current 


DAC85H-CBI-I/QM"'* 


Current 


DAC85H-CBI-V 


Voltage 


DAC85H-CBI-VBI 


Voltage 


DAC85H-CBI-V/QM 


Voltage 


DAC87H-CBI-V 


Voltage 


DAC87H-CBI-VBI 


Voltage 


DAC87H-CBI-V/QM 


Voltage 



NOTES (1) Bl indicates burn-in screening 
option at +1 25" C for 1 60h or equivalent 
See text for details. (2) QM indicates 
environmental screening See text for 
details 
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ENVIRONMENTAL SCREENING 
/QM Screening 

Burr-Brown /QM models arc environmentalls -screened 
versions of our standard industrial products, designed to 
provide enhanced reliability. The screening, tabulated 
below, is performed to selected methods hi Mil -SI D- 
883. Reference to these methods provides a convenient 
method of communicating the screening levels and basic 
procedures employed; it does not imply conformance to 
any other military standards or to any methods ot M 11 - 
STD-883 other than those specified below. Burr-Brown\ 
detailed procedures may vary slightly, model-lo-model. 
from those in MIL-STD-883. 



Screening Flow For /QM Models 




Screen 


MIL-STD-883 
Method 


Condition 




Internal Visual 


2010 


B 




High Temperature 
Storage 
(Stabilization Bake) 


1008 


C 


M50°C, 24hrs 


Temperature 
Cycling 


1010 


C 


-65 to -150°C, 
10 cycles 


Burn-in 


1015 


B 


^125°C, leOhrs 


Constant 
Acceleration 


2001 


E 


30,000 Gs 


Hermeticity 
Fine Leak 
Gross Leak 


1014 
1014 


A1 or A2 

c 


5 ■< 10 ® atm cc/sec 
eOpsig, 2hrs 


External Visual 


2009 







DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC85H Series accepts complementary binary 
digital input codes. The CBI model may be coniiected by 
the user for any one of three complementary codes: CSB, 
COB, or CTC (see Table I). 

TABLE I. Digital Input Codes. 



Digital Input 


Analog Output { 


MSB LSB 

1 i 
000000000000 
011111111111 
100000000000 

111111111111 


CSB 

Complementary 

Straight 

Binary 


COB 

Complemen. 

Offset 

Binary 


CTC* 
Complemen. 

Twos 
Complement 


+Full Scale 

+1/2 Full Scale 

1/2 Full Scale -1LSB 

Zero 


+Full Scale 

Zero 

-1LSB 

-Full Scale 


-1LSB 

-Full Scale 

+Full Scale 

Zero 


♦Invert the MSB of the GOB code with an external inverter to obtain 
CTC code 



ACCURACY 

Linearity of a D/A converter is the true measure of its 
performance. The linearity error of the DAC85H Series 
is specified over its entire temperature range. This means 
that the analog output will not vary by more than 
±1/2LSB, maximum, from an ideal straight line drawn 



between the end points (inputs all "T's and all "0"s) over 
the specified temperature range. 

Differential linearity error of a D/A converter is the 
deviation from an ideal ILSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of +1/2LSB means that the output 
voltage step sizes can range from 1/2LSB to 3/2LSB 
when the input changes from one adjacent input state to 
the next. 

Monotonicity over the specification temperature range is 
guaranteed in the DAC85H Series to insure that the 
analog output will increase or remain the same for 
increasing input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (ppm/°C). Gain drift is established by: I) 
testing the end point differences for each DAC85H 
Series model at minimum temperature, +25°C and 
maximum temperature; 2) calculating the gain error with 
respect to the +25°C value and; 3) dividing by the 
temperature change. This figure is expressed in ppm/°C 
and is given in the electrical specifications both with and 
without internal reference. 

Offset drift is a measure of the actual change in output 
over the specification temperature range with all 'i"s on 
the input. The offset is measured at +25°C, minimum 
temperature and maximum temperature. The maximum 
change in Offset is referenced to the Offset at 25°C and is 
divided by the temperature range. This drift is expressed 
in parts per million of full scale range per °C (ppm of 
FSR/°C). 

SETTLING TIME 

Settling time for each DAC85H Series model is the total 
time (including slew time) required for the output to 
settle within an error band around its final value after a 
change in input (see Figure 1). 




Settling Time Ous) 



FIGURE 1. Full Scale Range Settling Time vs Accuracy. 
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Voltage Output Models 

Three settling times are specified to ±0.01% of full scale 
range (FSR); two for maximum full scale range changes 
of 20V, lOV and one for a ILSB change. The ILSB 
change is measured at the major carry (0111 ... U to 
1000 . . . 00), the point at which the worst case settling 
time occurs. 

Current Output Models 

Two settling times are specified to ±0.01% of FSR. Each 
is given for current models connected with two different 
resistive loads: lOO to lOOH and lOOOO to 1875(1. Internal 
resistors are provided for connecting nominal load 
resistances of approximately lOOOH to 18000 for output 
voltage range of ± 1 V and to — 2V. See Figure 1 1 . 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
all current output models is ±2.5V. Maximum safe 
voltage swing permitted without damage to the DAC85H 
Series is ±5V. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive or negative supplies about the nominal 
power supply voltages (see Figure 2). 
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FIGURE 2. Power Supply Rejection vs Power Supply 
Ripple. 

REFERENCE SUPPLY 

All DAC85H Series models are supplied with an internal 
6.3V reference voltage supply. This voltage (pin 24) has a 
tolerance of ±1% and must be connected to the Reference 
Input (pin 16) for specified operation. This reference may 
be used externally also, but external current drain is 
limited to 2.5mA. 



If a varying load is to be driven, an external buffer 
amplifier is recommended to drive the load in order to 
isolate bipolar offset from load variations. Gain and 
bipolar offset adjustments should be made under constant 
load conditions. 

LOGIC INPUT COMPATIBILITY 

DAC85H Series digital inputs are TTL, LSTTL and 
4000B, 54/74HC CMOS compatible. The input switching 
threshold remains at the TTL threshold over the entire 
supply range. 

Logic "0" input current over temperature is low enough 
to permit driving DAC85H Series directly from outputs 
of 4000B and 54/74C CMOS devices. 

OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

Connect power supply voltages as shown in Figure 3. 
For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown. 
These capacitors (1/uF tantalum) should be located close 
to the DAC85H Series. 

±12V OPERATION 

All DAC85H Series models can operate over the entire 
power supply range of ± 11.4V to ± 16.5V. I-vcn wiih 
supply levels dropping to ± 11.4V, the DAC can swing a 
full ±10V range, provided the load current is limited to 
±2. 5mA. With power supplies greater than ±12V, the 
DAC output can be loaded up to ±5mA. For output 
swing of ±5V or less, the output current is ±5mA, min. 
over the entire Vcc range. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these poten- 
tiometers as shown in Figure 3 and adjust as described 
below. TCR of the potentiometers should be 100ppm/°C 
or less. The 3.9Mn and lOMH resistors (20% carbon or 
better) should be located close to the DAC to prevent 
noise pickup. If it is not convenient to use these high 
value resistors, an equivalent "T" network, as shown in 
Figure 4, may be substituted. 

Existing applications that are converting to the mono- 
lithic DAC85H Series must change the gain trim resistor 
on pin 23 from 18Mn to lOMfl to insure sufficient 
adjustment range. Pin 23 is a high impedance point and 
a O.OOl/uF to 0.01/uF ceramic capacitor should be con- 
nected from this pin to Common (pin 21) to prevent 
noise pickup. Refer to Figure 5 for relationship of Offset 
and Gain adjustments to unipolar and bipolar D/A 
operation. 

Offset Adjustment 

For unipolar (CSB) configurations, apply the digital 
input code that should produce zero potential output 
and adjust the Offset potentiometer for zero output. 
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Voltage Output Models 



Current Output Models 



FIGURE 3. Power Supply and External Adjustment Connection Diagrams. 
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FIGURE 4. Equivalent Resistances. 
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FIGURE 5. Relationship of Offset and Gain Adjustments 
for a Unipolar and Bipolar D/A Converter. 



For bipolar (COB, CTC) configurations, apply the digital 
input code that should produce the maximum negative 
output. Example: If the Full Scale Range is connected 
for 20V, the maximum negative output voltage is — lOV. 
See Table II for corresponding codes. 

Gain Adjustment 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive 
output. Adjust the Gain potentiometer for this positive 
full scale output. See Table II for positive full scale 
voltages and currents. 

TABLE II. Digital Input/ Analog Output. 



DIGITAL INPUT 


ANALOG OUTPUT | 


VOLTAGE* 


CURRENT 1 


MSB LSB 
000000000000 
011111111111 
100000000000 

111111111111 

One LSB 


Oto+lOV 


±10V 


to -2 mA 


±1mA 


+9 9976V 
+5 OOOOV 
+4 9976V 
OOOOV 
2 44mV 


+9 9951V 

OOOOV 

-0 0049V 

-10 OOOOV 

4 88mV 


-1 9995mA 
-1 0000mA 
-0 9995mA 
0000mA 
488mA 


-0 9995mA 
0000mA 

+0 0005mA 
+1 000mA 
0.488mA 


*To obtain values for other binary ranges 

to +5V range divide to +10V range values by 2 
±5V range: divide ±10V range values by 2 
±2 5V range divide ±10V range values by 4 



VOLTAGE OUTPUT MODELS 
Output Range Connections 

Internal scaling resistors provided in the DAC85H Series 
may be connected to produce bipolar output voltage 
ranges of ±10V, ±5V or ±2.5 V or unipolar output 
voltage ranges of t6 +5V or to +10V. See Figure 6. 
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Reference Input 
16 - 



-^ To Reference Control Circuit 
^ Offset 



6 3kO* 



Summing 
rjunction 
From Weighted -n 
Resistor , 5kQ* 

Network 



-4 Wv *- 



■ 15 Output 



* Resistor Tolerances ±2% max 



FIGURE 6. Output Amplifier Voltage Range Scaling 
Circuit. 

Gain and offset drift are minimized because of the 
thermal tracking of the scaling resistors with other 
internal device components. Connections for various 
output voltage ranges are shown in Table III. Settling 
time for a full-scale range change is specified as 4/us for 
the 20V range and 3/us for the lOV range. 

TABLE III. Output Vohage Range Connections for 
Voltage Models. 



Output 


Digital 


Connect 


Connect 


Connect 


Connect 


Range 


Input Codes 


Pin 15 to 


Pin 17 to 


Pin 19 to 


Pin 16 to 


±10 


COB or CTC 


19 


20 


15 


24 


±5 


COB or CTC 


18 


20 


NC 


24 


12 5V 


COB or CTC 


18 


20 


20 


24 


Oto+lOV 


CSB 


18 


21 


NC 


24 


to +5V 


CSB 


18 


21 


20 


24 



CURRENT OUTPUT MODELS 

The resistive scaling network and equivalent output 
circuit of the current model differ from the voltage 
model and are shown in Figures 7 and 8. 



Reference Input 
16 - 



To Reference 
Control Circuit 



6 3kn* 



18 • V^. •■ 

J5kQ* 
15 J I 



2kQ* 



♦ Resistor Tolerances ±2% max 



-19 
-20 



Internal scaling resistors (Figure 7) are provided to scale 
an external op amp or to configure load resistors for a 
voltage output. These connections are described in the 
following sections. 

If the internal resistors are not used for voltage scaling, 
external Rl (or Rf) resistors should have a TCR of 
±25ppm/°C or less to minimize drift. This will typically 
add ±50ppm/°C plus the TCR of Rl (or Rf) to the total 
drift. 

Driving An External Op Amp 

The current output model DAC85H will drive the sum- 
ming junction of an op amp used as a current-to-voltage 
converter to produce an output voltage. See Figure 9. 



20V Range 



t 



Oto 
2mA 




© 



For fast settling 



FIGURE 9. External Op Amp— Using Internal 
Feedback Resistors. 

Voui — Iqut X Rf 
where Iout is the DAC85H output current and Rf is the 
feedback resistor. Using the internal feedback resistors 
of the current output model DAC85H provides output 
voltage ranges the same as the voltage model DAC85H. 
To obtain the desired output voltage range when con- 
necting an external op amp, refer to Table IV. 

TABLE IV. Voltage Range of Current Output 



FIGURE 7. Internal Scaling Resistors. 



Output 


Digital 


Connect 
©to 


Connect 


Connect 


Connect 


Range 


Input Codes 


Pin 17 to 


Pin 19 to 


Pin 16 to 


±10V 


COB or CTC 


19 


15 


(^ 


24 


±5V 


COB or CTC 


18 


15 


NC 


24 


±2 5V 


COB or CTC 


18 


15 


15 


24 


Oto+lOV 


CSB 


18 


21 


NC 


24 


to +5V 


CSB 


18 


21 


15 


24 




24 Reference Out 
17 Bipolar Offset 



16 Reference Input 
15 Iout 



FIGURE 8. Current Output Model Equivalent Output 
Circuit. 



Output Larger Than 20V Range 

For output voltage ranges larger than ±10V, a high 
voltage op amp may be employed with an external 
feedback resistor. Use Iout values of ±lmA for bipolar 
voltage ranges and —2mA for unipolar voltage ranges. 
See Figure 10. Use protection diodes when a high voltage 
op amp is used. 

The feedback resistor, Rf, should have a temperature 
coefficient as low as possible. Using an external feedback 
resistor, overall drift of the circuit increases due to the 
lack of temperature tracking between Rf and the internal 
scaling resistor network. This will typically add 50ppm/°C 
plus Rf drift to total drift. 
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FIGURE 10. External Op Amp— Using External 
Feedback Resistors. 

Driving a Resistive Load Unipolar 

A load resistance, Rl = Rli + Rls, connected as shown 
in Figure 11 will generate a voltage range, Vout, deter- 
mined by: 

Vout = -2mA [ (Rl X Ro) -^ (Rl + Ro) ] 
The unipolar output impedance Ro equals 6.6kn (typ) 
and Rli is the internal load resistance of 9680 (derived 
by connecting pin 15 to pin 20 and pin 18 to 19). By 
choosing Rls = 2100, Rl = 11780. Rl in parallel with 
Ro yields IkO total load. This gives an output range of 
to -2V. Since Ro is not exact, initial trimming per 
Figure 3 may be necessary; also Rls may be trimmed. 

BURN-IN SCREENING 

Burn-in screening is an option available for the 
DAC85BH and DAC87BH. Burn-in duration is 160 
hours at +125°C ambient temperature (or equivalent 
combination of time and temperature). 

AH units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "BI" to the 
base model number. 



Driving a Resistive Load Bipolar 

The equivalent output circuit for a bipolar output voltage 
range is similar to Figure 11, Rl = Rli + Rls. Vout is 
determined by: 

Vout = ±lmA [ (Ro X Rl) ^ (Ro + Rl) ] 
By connecting pin 17 to 15, the output current becomes 
bipolar (±lmA) and the output impedance Ro becomes 
3.2kO (6.6kO || 6.3kO). Rli is 1200O (derived by con- 
necting pin 15 to 18 and pin 18 to 19). By choosing Rls — 
2550 (for a bipolar output connect Rls between pin 20 
and pin 21), Rl = 14550. Rl in parallel with Ro yields 
IkO total load. This gives an output range of ±1 V. As 
indicated above, trimming may be necessary. 




Vout, 



FIGURE 11. Current Output Model Equivalent Circuit 
Connected for Unipolar Voltage Output 
with Resistive Load. 
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DAC700/702 
DAC701/703 



MILITARY 

VERSION 

AVAILABLE 



Monolithic 16-Bit 
DIGITAL-TO-ANALOG CONVERTERS 



FEATURES 

• MONOLITHIC CONSTRUCTION 

• VouT AND louT MODELS 

• HIGH ACCURACY: 

Linearity Error ±0.0015% of FSR max 
Differential Linearity Error ±0.003% of FSR max 

DESCRIPTION 

This is another industry first from Burr-Brown — a 
complete 16-bit digital-to-analog converter that 
includes a precison buried-zener voltage reference 
and a low-noise, fast-settling output operational 
amplifier (voltage output models), all on one small 
monolithic chip. A combination of current-switch 
design techniques accomplishes not only 15-bit mon- 
otonicity over the entire specified temperature range 
but also a maximum end-point linearity error of 
±0.0015% of full-scale range. Total full-scale gain 
drift is limited to ±10ppm/°C maximum (LH and 
CH grades). 




• MONOTONIC (at 15 bits) OVER FULL 
SPECIFICATION TEMPERATURE RANGE 

• PIN-COMPATIBLE WITH DACTO, DAC71, DAC72 

• LOW COST 

• DUAL-IN-LINE PLASTIC AND HERMETIC CERAMIC 

• /QM ENVIRONMENTAL SCREENING AVAIL'ABLE 

• BURN-IN PROGRAM AVAILABLE (-Bl| 



Digital inputs are complementary binary coded and 
are TTL-, LSTTL-, 54/74C- and 54/74HC-compa- 
tible over the entire temperature range. Outputs of 
to +10V, +10V, to -2mA, and ±lmA are available. 

These D/ A converters are packaged in hermetic 24- 
pin ceramic side-brazed or molded plastic. The DIP- 
packaged parts are pin-compatible with the voltage 
and current output DAC71 and DAC72 model 
families. The DAC700 and DAC702 are also pin- 
compatible with the DAC70 model family. In 
addition, the DAC703 is offered in a 24-pin SOIC 
package for surface mount applications. 



REFERENCE OUTPUT 



SUMMING JUNCTION 
COMMON 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25°C and rated power supplies unless otherwise noted 



MODEL 


DAC702/703J 


DAC700/701/702/703K 


DAC700/701/702/703B, S 


DAC700/701/702/703L, C 


UNITS 1 


PARAMETER 


MIN 1 TYP 1 MAX 


MIN 1 TYP 


MAX 


MIN 1 TYP 


MAX 


MIN 1 TYP 1 MAX 


INPUT 1 


DIGITAL INPUT 




























Resolution 






16 






* 













* 


Bits 


Digital Inputs'^' 




























V,H 


+2.4 




+Vcc 


* 




* 


* 




* 


>•> 




* 


V 


V,L 


-10 




+0.8 


* 




* 


* 




* 


* 




* 


V 


l,H, V, = +2 7V 






+40 






* 






* 






* 


fiA 


l,L, V, = +0 4V 




-0 35 


-0 5 




^ ♦ 


* 




* 


* 




* 


♦ 


mA 


TRANSFER CHARACTERISTICS | 


ACCURACY'"' 




























Linearity Error'^' 




±0.0015 


±0.006 




* 


±0 003 




* 


* 




±000075 


±0 0015 


% of FSR'^' 


Differential Linearity 




























Error'** 




±0.003 


±0.012 




* 


±0 006 




♦ 


* 




±0.0015 


±0 003 


% of FSR 


Differential Linearity 




























Error at Bipolar Zero 




























(DAC702/703)'*' 










±0 003 


±0 006 




±0 0015 


±0 003 




* 


* 


% of FSR 


Gam Error'®' 




±0 07 


±0.30 




:|i 


±0.15 




±0 05 


±0 10 




* 


* 


% 


Zero Error'®"^' 




±0 05 


±0.10 




♦ 


* 




* 


* 




* 


* 


% of FSR 


Monotonicity Over Spec 




























Temp Range 


13 






14 






* 






15 






Bits 


DRIFT (over specification 




























temperature range) 




























Total Error Ov#r 




























Temperature Range 




























(all models)'^' 




±0 08 






* 


±0 15 




±005 


±0 10 




♦. 


* 


% of FSR 


Total Full Scale Drift 




























DAC700/701 




±i6 






* 


±30 




±8 5 


±18 




±6 


±13 


ppm of FSR/''C 


DAC702/703 




±10 






* 


±25 




±7 


±15 




♦ 


* 


ppm of FSR/X 


Gam Drift (all models) 




±10 


±30 




* 


±25 




±7 


±15 




±5 


±10 


" ppm/°C 


Zero Drift 




























DAC700/701 










±2 5 


±5 




±15 


±3 




* 


* 


ppm of FSR/°C 


DAC702/703 




±5 


±15 




* 


±12 




±4 


±10 




±2 5 


±5 


ppmofFSR/X 


Differential Lineanty 




























Over Temp '*' 






±0 012 






+0 009, 
-0 006 






* 






+0 006. 
-0 003 


% of FSR 


Linearity Error 




























Over Temp '*' 






±0 012 






±0 006 






* 






±0 003 


% of FSR 


SETTLING TIME (to 




























±0 003% Of FSR)"" 




























DAC701/703 (VouT models^ 




























Full Scale Step, 2kn load 




4 






* 


8 




* 


* 




* 


* 


//sec 


ILSBStepat 




























Worst-Case Code'^' 




25 






* 






* 






* 




//sec 


Slew Rate 




10 






* 






♦ 






* 




V///sec 


DAC700/702 (lour models) 




























Full Scale Step (2mA), 




























10 to 100Q load 




350 






* 


1000 




* 


* 




* 


♦ 


nsec 


IkQIoad 




1 






* 


3 




* 


* 




* 


* 


A/sec 


OUTPUT 1 


VOLTAGE OUTPUT 




























MODELS 




























DAC701 (CSB Code) 










to +10 






* 










V 


DAC703 (COB Code) 




±10 






* 






* 






* 




V 


Output Current 


±5 






* 






* 






* 






mA 


Output Impedance 




015 






* 






* 






* 




Q 


Short Circuit to 




























Common Duration 




Indefinite 






♦ 






* 






* 






CURRENT OUTPUT 




























MODELS 




























DAC700 (CSB Code)'^°' 










Oto-2 






* 






* 




mA 


Output Impedance'^"' 










4 






* 






* 




kO 


DAC702 (COB Code)""' 




±1 






* 






* 






* 




mA 


Output Impedance'^"' 




2 45 






* 






* 






* 




kQ 


Compliance Voltage 




±2 5 






* 






* 






* 




V 
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ELECTRICAL (CONT) 



MODEL 


DAC702/703J 


DAC700/701/702/703K 


DAC700/701/702/703B, S 


DAC700/701/702/703L, C 


UNITS 


PARAMETER 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


REFERENCE VOLTAGE 




























Voltage 




+6.3 




+6.0 


+6.3 


+6.6 


+6.24 


+6.3 


+6.36 


* 


* 


* 


V 


Source Current Available 




























for External Loads 




+2.5 




+1.5 


* 




• 


* 




* 


« 




mA 


Temperature Coefficient 




±10 






* 


±25 




* 


±15 




* 


♦ 


ppm/X 


Short Circuit to Common 




























Duration 




Indefinite 






• 






* 






* 






POWER SUPPLY REQUIREMENTS | 


Voltage: +Vcc 


13.5 


15 


165 


* 


* 


* 


* 


■* 


• 


« 


♦ 


« 


V 


-Vcc 


13.5 


15 


165 


* 


* 


« 


* 


* 


■ * 


* 


* 


♦ 


V 


Vdd 


+4.5 


+5 


+16.5 


* 


* 


• 


« 


* 


* 


* 


* 


* 


V 


Current (no load): 




























DAC700/702 




























(louT models) 




























+Vcc 




+10 






* 


+25 




* 


* 




♦ 


* 


mA 


-Vcc 




-13 






* 


-25 




* 


* 




* 


♦ 


mA 


Vdd 




+4 






* 


+8 




* 


« 




• 


♦ 


mA 


DAC701/703 




























(VouT models) 




























+Vcc 




+16 






* 


+30 




* 


* 




* 


* 


mA 


-Vcc 




-18 






* 


-30 




* 


* 




* 


* 


mA 


Vdd 




+4 






* 


+8 




* 


* 




* 


* 


mA 


Power Dissipation 




























(Vdd = +5.0V)'"' 




























DAC700/702 




365 






* 


790 




* 


630 




* 


* 


mW 


DAC701/703 




530 






* 


940 




* 


780 




♦ 


* 


mW 


Power Supply Rejection: 




























+Vcc 




±0.0015 


±0.006 




* 


* 




* 


±0.003 




• 


« 


%0fFSR/%Vcc 


-Vcc 




±0.0015 


±0.006 




* 


* 




* 


±0 003 




• 


• 


%o(FSR/%Vcc 


Vdd 




±0.0001 


±0.001 




* 


* 




« 


* 




« 


• 


% of FSR/%Voo 


TEMPERATURE RANGE | 


Specification. 




























B, C grades 














-25 




+85 


♦ 




* 


°C 


S grades 














-55 




+125 








»C 


J. K, L grades 







+70 


* 




* 













+70 


°C 


Storage. Ceramic 








-60 




+150 


« 




* 


* 




* 


"C 


Plastic, SOIC 


-60 




+100 


* 




* 














°C 



CO 

o 

o 
h- 
O 

< 
o 

CM 
O 

O 
O 

o 

< 
o 



^Specification same as model to the left. 

NOTES (1) Digital inputs are TTL, LSTTL, 54/74C. 54/74HC, and 54/74HTC compatible over the operating voltage range of Vdd = +5V to +15V and over the 
specified temperature range The input switching threshold remains at the TTL threshold of 1 4V over the supply range of Vdd = +5Vto +15V As logic "0" and logic "1" 
inputs vary over OV to +0 8V and +2.4V to +10V respectively, the change in the D/A converter output voltage will not exceed ±0 0015% of FSR for the LH and CH 
grades, ±0.003% of FSR for the BH grade and ±0 006% of FSR for the KG grade (2) DAC700 and DAC702 (current-output models) are specified and tested with an 
external output operational amplifier connected using the internal feedback resistor in all parameters except settling time (3) FSR means full-scale range and is 20V 
for the ±10V range (DAC703). 10V for the to +10V range (DAC701). FSR is 2mA for the ±1mA range (DAC700) and the to +2mA range (DAC702) (4) ±0 0015% of 
full-scale range is equivalent to 1LSB in 15-bit resolution ±0 003% of full-scale range is equivalent to 1LSB in 14-bit resolution ±0 006% of full-scale range is 
equivalent to 1LSB in 13-bit resolution (5) Adjustable to zero with external trim potentiometer Adjusting the gam potentiometer rotates the transfer function around 
the zero point (6) Error at input code FFFFh for DAC700 and DAC701. 7FFFh for DAC702 and DAC703 (7) With gam and zero errors adjusted to zero at 
+25*'C (8) Maximum represents the 3a limit Not 100% tested for this parameter (9) At the major carry, 7FFFh to 8000h and 8000h to 7FFFh (10) Tolerance on 
output impedance and output current is ±30% (11) Power dissipation is an additional 40mW when Vdd is operated at +15V 

MECHANICAL 



CO 
DC 
LU 

h- 
OC 
UJ 

> 
z 
o 
o 

< 

z 
o 

I- 
z 

Ul 

3 
CE 

in 



H Package 



pJL 



Jk-H — i-lGr— Plane 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


1185 


1215 


3010 


30 86 


B 


600 


620 


15 24 


15 75 


C 


125 


171 


318 


434 


D 


015 


021 


38 


53 


F 


035 


060 


89 


152 


G 


100 BASIC 


2 54 BASIC 


H 


030 


070 


76 


178 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


610 


L 


600 BASIC 


15 24 BASIC 


M 





10» 





10" 


N 


025 


060 


0.64 


152 



L -Jm 



NOTE Leads in true position 
within 010" ( 25mm) R at MMC 
at seating plane 
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MECHANICAL 



U Package (DAC703 Only) 



■ A- 
-A1- 



r'hhhbbhhrhr'b 



,Jffl¥¥F¥¥FFFM 

^ 1 I 12 

U-D 



1 I 



DIM 


INCHES 


MILLIMETERS I 


MIN 


MAX 


MIN 


MAX 


A 


602 


618 


15 29 


15 70 


A, 


595 


618 


1511 


15 70 


B 


286 


302 


7 26 


7 67 


Bi 


270 


285 


6.86 


7 24 


C 


093 


108 


2 36 


2 74 


D 


015 


019 


38 


048 


G 


050 BASIC 


1 27 BASIC 1 


H 


026 


034 


066 


086 


J 


008 


012 


20 


30 


L 


390 


422 


9 91 


10 72 


M 


0° 


10» 


0" 


lO" 


N 


000 


012 


00 


030 



i 



NOTE Leads in true position 
within 01" (0.25mm) R at MMC at 
seating plane 



mJ t \j[ 



Sl=i 



MECHANICAL 

















P Package 


DIM 


INCHES 


MILLIMETERS 




MIN 


MAX 


MIN 


MAX 


A 


1 233 


1283 


3132 


32 59 






1 

B 


B 


538 


575 


13 67 


14 61 




Ainif«nn.r«,r«ii^A.«,AAA 


C 


169 


224 


4 29 


5 70 


) o o 


D 


015 
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38 


58 


F 
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109 


157 


G 


100 BASIC 


2 54 BASIC 


H 


030 


090 


76 


2 29 


J 


008 


015 


20 


38 


K 


100 
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2 54 


3 35 
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PIN ASSIGNMENTS 



CONNECTION DIAGRAMS 



Pin# 


H and P Packages | 


DAC700/702 


DAC701/703 


1 


Bit1 (MSB) 


Bit 1 (MSB) 


2 


Bit 2 


Bit 2 


3 


Bits 


Bit 3 


4 


Bit 4 


Bit 4 


5 


Bits 


Bit 5 


6 


Bite 


Bit 6 


7 


Bit 7 


Bit 7 


8 


Bits 


Bit 8 


9 


Bit 9 


Bit 9 


10 


Bit 10 


Bit 12 


11 


Bit 11 


Bit 11 


12 


Bit 12 


Bit 12 


13 


Bit 13 


Bit .13 


14 


Bit 14 


Bit 14 


15 


Bit 15 


Bit 15 


16 


Bit 16 (LSB) 


Bit 16 (LSB) 


17 




VOUT 


18 


Voo 


Vdd 


19 


-Vcc 


-Vcc 


20 


Common 


Common 


21 


loUT 


Summing Junction (Zero Adjust) 


22 


Gam Ad|ust 


Gam Adjust 


23 


+Vcc 


+Vcc 


24 


+6 3V Reference Output 


+6 3V Reference Output 




NOTES 

1 Can be tied to +Vcc instead of 
having separate Voo supply 

2 Decoupling capacitors are 1//F to 
10a«F 

3 Potentiometers are lOkO to lOOkO 

4 5kQ (DAC700. DAC701), lOkn 
(DAC702, DAC703) 
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ORDERING INFORMATION 











Linearity 


Gain 










Error, max 


Drift 






Output 


Temperature 


at2S<'C 


max. 


Model 


Package 




Range 


(% of FSR) 


(ppm/°C) 


DAC702JP. DAC703JP 


Plastic DIP 


±1mA. ±10V 


0''Cto+70°C 


±0.006 


±30 


DAC702KP, DAC703KP 


Plastic DIP 


±1mA, ±10V 


0»Cto+70''C 


±0.003 


±25 


DAC700KH, DAC701KH 


Ceramic DIP 


0to-1mA.0to+10V 


0»Cto+70''C 


±0 003 


±25 


DAC702KH. DAC703KH 


Ceramic DIP 


±1mA. ±10V 


0»Cto+70°C 


±0.003 


±25 


DAC700BH, DAC701BH 


Ceramic DIP 


Oto-lmA, Oto+lOV 


-25''Cto+85°C 


±0.003 


±15 


DAC702BH, DAC703BH 


Ceramic DIP 


±1mA. ±10V 


-25°Cto+85X 


±0 003 


±15 


DAC700BH/QM, DAC701BH/QM 


Ceramic DIP 


to -1mA, to +10V 


-25°Cto+85°C 


±0 003 


±15 


DAC702BH/QM. DAC703BH/QM 


Ceramic DIP 


±1mA, ±10V 


/QM screening 


±0 003 


±15 


DAC700LH. DAC701LH 


Ceramic DIP 


to -2mA, to +10V 


0°C to +70°C 


±0 0015 


±10 


DAC700CH. DAC701CH 


Ceramic DIP 


to -2mA, to +10V 


-25°C to +85°C 


±0.0015 


±10 


DAC700SH, DAC701SH 


Ceramic DIP 


0to-1mA,0to+10V 


-55°Cto+125°C 


±0.003 


±15 


DAC702LH. DAC703LH 


Ceramic DIP 


±1mA, ±10V 


0°C to +70°C 


±0 0015 


±10 


DAC702CH, DAC703CH 


Ceramic DIP 


±1mA. ±10V 


-25°C to +86°C 


±0 0015 


±10 


DAC702SH, DAC703SH 


Ceramic DIP 


±1mA. ±10V 


-55°Cto+125°C 


±0 003 


±15 


DAC700SH/QM. DAC701SH/QM 


Ceramic DIP 


Oto-lmA, Oto+lOV 


-55''Cto+125°C 


±0 003 


±15 


DAC702SH/QM. DAC703SH/QM 


Ceramic DIP 


±1mA, ±10V 


/CM screening 


±0 003 


±15 


BURN-IN SCREENING OPTION 












See text for details 




















Linearity 












Error, max 


Burn-in 






Output 


Temperature 


at25°C 


Temp. 


Model 


Package 


Configuration 


Range 


(% of FSR) 


(160h)- 


DAC702JP-BI 


Plastic DIP 


±1mA 


0°Cto+70°C 


±0 006 


85° C 


DAC703JP-BI 


Plastic DIP 


±10V 


0°Cto+70oC 


±0 006 


85° C 


DAC702KP-BI 


Plastic DIP 


±1mA 


0°Cto+70°C 


±0 003 


85° C 


DAC703KP-BI 


Plastic DIP 


±10V 


0°Cto+70°C 


±0 003 


85° C 


DAC703JU 


Plastic SOIC 


±10V 


0°Cto+70°C 


±0 006 


85° C 


DAC703KU 


Plastic SOIC 


±10V 


0°Cto+70°C 


±0 003 


85° C 


DAC703JU-BI 


Plastic SOIC 


±10V 


0°Cto+70°C 


±0.006 


85° C 


DAC703KU-BI 


Plastic SOIC 


±10V 


0°Cto+70<'C 


±0 003 


85° C 


DAC700KH-BI 


Ceramic DIP 


Oto-lmA 


0°Cto+70°C 


±0 003 


85° C 


DAC700LH-BI 


Ceramic DIP 


to -2mA 


0°Cto+70°C 


±0 0015 


85° C 


DAC700BH-BI 


Ceramic DIP 


Oto-lmA 


-25'>Cto+85°C 


±0 003 


85° C 


DAC700CH-BI 


Ceramic DIP 


to -2mA 


-25°Cto+85°C 


±0 0015 


85° C 


DAC700SH-BI 


Ceramic DIP 


to -1mA 


-55°Cto+125°C 


±0 003 


125°C 


DAC701KH-BI 


Ceramic DIP 


Oto+lOV 


0°Cto+70°C 


±0 003 


85° C 


DAC701LH-BI 


Ceramic DIP 


Oto+lOV 


0°Cto+70°C 


±0 0015 


85° C 


DAC701BH-BI 


Ceramic DIP 


Oto+10V 


-25°Cto+85°C 


±0 003 


85° C 


DAC701CH-BI 


Ceramic DIP 


Oto+lOV 


-25°Cto+85°C 


+0,0015 


85° C 


DAC701SH-BI 


Ceramic DIP 


Oto+lOV 


-55°Cto+125°C 


±0 003 


125°C 


DAC702KH-BI 


Ceramic DIP 


+1mA 


0°Cto+70°C 


±0.003 


85° C 


DAC702LH-BI 


Ceramic DIP 


±1mA 


0°Cto+70°C 


±0 0015 


85° C 


DAC702BH-BI 


Ceramic DIP 


±1mA 


-25°Cto+85°C 


±0 003 


85° C 


DAC702CH-BI 


Ceramic DIP 


±1mA 


-25°Cto+85°C 


±0 0015 


85° C 


DAC702SH-BI 


Ceramic DIP 


±1mA 


-55°C to +125^0 


±0 003 


125°C 


DAC703KH-BI 


Ceramic DIP 


±10V 


0°Cto+70°C 


±0 003 


85° C 


DAC703LH-BI 


Ceramic DIP 


+10V 


0°Cto+70°C 


±0 0015 


85° C 


DAC703BH-BI 


Ceramic DIP 


±10V 


-25°Cto+85<'C 


±0 003 


85° C 


DAC703CH-BI 


Ceramic DIP 


+10V 


-25''Cto+85°C 


±0 0015 


85° C 


DAC703SH-BI 


Ceramic DIP 


+10V 


-55°Cto+125°C 


±0 003 


125°C 



NOTE. (1) Or equivalent combination of time and temperature 



ABSOLUTE MAXIMUM RATINGS 



+Vcc to Common OV, +18V 

-Vcc to Common OV, -18V 

Vdd to Common OV, +18V 

Digital Data Inputs to Common -1V, +18V 

Reference Out to Common Indefinite Short to Common 

External Voltage Applied to Rf (DAC700/702) ±18V 

External Voltage Applied to D/A Output 
(DAC701/703) -5V to +5V 



VouT (DAC701/703) Indefinite Short to Common 

Power Dissipation lOOOmW 

Storage Temperature — 60°C to +150°C 

Lead Temperature (soldering, 10s) 300°C 

•Stresses above those listed under "Absolute Maximum Ratings" 
may cause pemnanent damage to the device Exposure to absolute maximum 
conditions for extended periods may affect device reliability 
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DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC700/701/702/703 accept complementary digi- 
tal input codes in either binary format (CSB, Unipolar 
or COB, Bipolar). The COB models bAC702/703 may 
be connected by the user for either complementary offset 
binary (COB) or complementary two's complement 
(CTC) codes (see Table I). 

TABLE I. Digital Input Codes. 





Analog Output | 


DAC700/701 


DAC702/703 


DAC702/703 


Digital 


Complementary 


Complementary 


Complementary 


Input 


Straight Binary 


Offset Binary 


Two's Complement 


Codes 


(CSB) 


(COB) 


. (CTC)* 


OOOOh 


+ Full Scale 


+ Full Scale 


-1LSB 


7FFFh 


+1/2 Full Scale 


Bipolar Zero 


- Full Scale 


8000h 


+1/2 Full Scale 
-1LSB 


-1LSB 


+ Full Scale 


FFFFh 


Zero 


- Full Scale 


Bipolar Zero 



* Invert the MSB of the COB code with an external inverter to obtain CTC 
code 

ACCURACY 
Linearity 

This specification describes one of the most important 
measures of performance of a D/ A converter. Linearity 
error is the deviation of the analog output from a 
straight line drawn through the end points (all bits ON 
point and all bits OFF point). 
Differential Linearity Error 

Differential Linearity Error (DLE) of a D/ A converter is 
the deviation from an ideal ILSB change in the output 
from one adjacent output state to the next. A differential 
linearity error specification of ±1/2LSB means that the 
output step sizes can be between 1/2LSB and 3/2LSB 
when the input changes from one adjacent input state to 
the next. A negative DLE specification of no more than 
—ILSB (—0.006% for 14-bit resolution) insures monoto- 
nicity. 

Monotonicity 

Monotonicity assures that the analog output will increase 
or remain the same for increasing input digital codes. 
The DAC700/701/702/703 are specified to be mono- 
tonic to 14 bits over the entire specification temperature 
range. 

DRIFT 
Gain Drift 

Gain drift is a measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per degree centigrade (ppm/°C). Gain drift is 
established by: (1) testing the end point differences for 
each D/ A at tmm, +25°C and tmax; (2) calculating the gain 
error with respect to the H-25°C value; and (3) dividing 
by the temperature change. 



Zero Drift 

Zero drift is a measure of the change in the output with 
FFFFh (DAC700 and DAC701) applied to the digital 
inputs over the specified temperature range. For the bipo- 
lar models, zero is measured at 7FFFh (bipolar zero) 
applied to the digital inputs. This code corresponds to 
zero volts (DAC703) or zero milliamps (DAC702) at the 
analog output. The maximum change in offset at tmm or 
tmax is referenced to the zero error at -f-25°C and is 
divided by the temperature change. This drift is expressed 
in parts per million of full scale range per degree centi- 
grade (ppm of FSR/°C). 

SETTLING TIME 

Settling time of the D/ A is the total time required for the 
analog output to settle within an error band around its 
final value after a change in digital input. Refer to Figure 
1 for typical values for this family of products. 
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FIGURE 1. Final-Value Error Band Versus FuU-Scale 
Range Settling Time. 

Voltage Output 

Settling times are specified to ±0.003% of FSR (±1/2 
LSB for 14 bits) for two input conditions: a full-scale 
range change of 20V (DAC703) or lOV (DAC701) and a 
ILSB change at the "major carry," the point at which the 
worst-case settling time occurs. (This is the worst-case 
point since all of the input bits change when going from 
one code to the next). 

Current Output 

Settling times are specified to±0.003% of FSR for a full- 
scale range change for two output load conditions: one 
for ion to lOOn and one for lOOOn. It is specified this 
way because the output RC time constant becomes the 
dominant factor in determining settling time for large 
resistive loads. 
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COMPLIANCE VOLTAGE 

Compliance voltage applies only to current output mod- 
els. It is the maximum voltage swing allowed on the 
output current pin while still being able to maintain spec- 
ified accuracy. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/ A converter 
output. It is defined as a percent of FSR change in the 
output per percent of change in either the positive supply 
(+Vcc), negative supply (— Vcc) or logic supply (Vdd) 
about the nominal power supply vohages (see Figure 2). 

It is specified for DC or low frequency changes. The 
typical performance curve in Figure 2 shows the effect of 
high frequency changes in power supply voltages. 
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FIGURE 2. Power Supply Rejection Versus Power 
Supply Ripple Frequency. 

REFERENCE SUPPLY 

All models have an internal low-noise +6.3V reference 
voltage derived from an on-chip buried zener diode. This 
reference voltage, available to the user, has a tolerance of 
±5% (KH models) and ±1% (BH models). A minimum of 
1.5mA is available for external loads. Since the output 
impedance of the reference output is typically IH, the 
external load should remain constant. 

If a varying load is to be driven by the reterence supply, 
an external buffer amplifier is recommended to drive the 
load in order to isolate the Bipolar Offset (connected 
internally to the reference) from load variations. 

BURN-IN SCREENING 

Burn-in screening is an option available for the entire 
DAC700 through DAC703 family of products. Burn-in 



duration is 160 hours at the temperature shown below 
(or equivalent combination of time and temperature). 

Model Temp. Range Burn-In Screening 

D AC703KU-BI 0° C to +70° C 1 60 hours at 85° C 

DAC700BH-BI -25°Cto+85°C 160 hours at 85° C 

DAC702SH-BI -55° C to +125°C 160 hours at 125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 

ENVIRONMENTAL SCREENING 
/OM Screening 



Screening Flow For /OM Models 




Scraen 


MIL-STD.883 
Method 


Condition 


Coninients 


Internal Visual 


2010 


B 




High Temperature 
Storage 
(Stabilization Bake) 


1008 


C 


+150''C, 24hrs 


Temperature 
Cycling 


1010 


C 


-65 to +150»C. 
10 cycles 


Burn-in 


1015 


B 


+125°C, leOhrs 


Constant 
Acceleration 


2001 


E 


30,000 Gs 


Hermeticity 
Fine Leak 
Gross Leak 


1014 
1014 


A1 or A2 
C 


5X10""atmcc/sec 
eopsig, 2hrs 


External Visual 


2009 







Burr-Brown / QM models are environmentally-screened 
versions of our standard industrial products, designed to 
provide enhanced reliability. The screening, tabulated 
below, is performed to selected methods of MIL-STD- 
883. Reference to these methods provides a convenient 
method of communicating the screening levels and basic 
procedures employed; it does not imply conformance to 
any other military standards or to any methods of MIL- 
STD-883 other than those specified below. Burr-Brown's 
detailed procedures may vary slightly, model-to-model, 
from those in MIL-STD-883. 



OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. 1/xF tantalum capacitors 
should be located close to the D/A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external 
zero and gain potentiometers. Connect these potenti- 
ometers as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
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be 100ppm/°C or less. The 3.9Mn and 270kn resistors 
(±20% carbon or better) should be located close to the 
D/A converter to prevent noise pickup. If it is not con- 
venient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure 3, may be substituted in 
place of the 3.9Mn part. A O.OOl/xF to O.Ol/iF ceramic 
capacitor should be connected from Gain Adjust to 
Common to prevent noise pickup. Refer to Figures 4 
and 5 fof the relationship of zero and gain adjustments 
to unipolar and bipolar D/A converters. 



3.9Mn 



-o = o- 



I80kn 



iBOkn 



lOko 



i 



FIGURE 3. Equivalent Resistances. 
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FIGURE 4. Relationship of Zero and Gain Adjust- 
ments for Unipolar D/A Converters, 
DAC700 and DAC701. 
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FIGURE 5. Relationship of Zero and Gain 

Adjustments for Bipolar D/A converters, 
DAC702 and DAC703. 



Zero Adjustment 

For unipolar (CSB) configurations, apply the digital 
input code that produces zero voltage or zero current 
output and adjust the zero potentiometer for zero output. 
For bipolar (COB, CTC) configurations, apply the digi- 
tal input code that produces zero output voltage or cur- 
rent. See Table II for corresponding codes and the Con- 
nection Diagram for zero adjustment circuit connections. 
Zero calibration should be made before gain calibration. 

Gain Adjustment 

Apply the digital input that gives the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full scale voltage. See Table II for positive full 
scale voltages and the Connection Diagram for gain 
adjustment circuit connections. 

INSTALLATION 
CONSIDERATIONS 

This D/A converter family is laser-trimmed to 14-bit lin- 
earity. The design of the device makes the 16-bit resolu- 
tion available. If 16-bit resolution is not required, bit 15 
and bit 16 should be connected to Vdd through a single 
Ikn resistor. 

Due to the extremely-high resolution and linearity of the 
D/A converter, system design problems such as ground- 
ing and contact resistance become very important. For a 
16-bit converter with a +10V full-scale range, ILSB is 
153mV. With a load current of 5mA, series wiring and 
connector resistance of only 30mft will cause the output 
to be in error by ILSB. To understand what this means in 
terms of a system layout, the resistance of #23 wire is 
about 0.021X1/ ft. Neglecting contact resistance, less than 
18 inches of wire will produce a ILSB error in the analog 
output voltage! 

In Figures 6, 7, and 8, lead and contact resistances are 
represented by Ri through Rs. As long as the load resist- 
ance Rl is constant, R2 simply introduces a gain error 
and can be removed during initial calibration. R3 is part 
of Rl, if the output voltage is sensed at Common, and 
therefore introduces no error. If Rl is variable, then R2 
should be less than RLmm/2'^ to reduce voltage drops due 
to wiring to less than ILSB. For example, if RLmm is 5kn, 
then R2 should be less than 0.08fl. Rl should be located 
as close as possible to the D/A converter for optimum 
performance. The effect of R4 is negligible. 
In many applications it is impractical to sense the output 
voltage at the output pin. Sensing the output voltage at 
the system ground point is permissible with the DAC700 
family because the D/A converter is designed to have a 
constant return current of approximately 2mA flowing 
from Common. The variation in this current is under 
20m A (with changing input codes), therefore R4 can be as 
large as 311 without adversely affecting the linearity of 
the D/A converter. The voltage drop across R4 (R4 X 
2mA) appears as a zero error and can be removed with 



Burr-Brown IC Data Book 



6.1-50 



Vol 33 



TABLE II. Digital Input and Analog Output Relationships. 








VOLTAGE OUTPUT MODELS | 


Digital Input Code 


Analog Output | 


DAC701 Unipolar 


DAC703 Bipolar | 


16-bit 


15-bit 


14-bit 


16-bit 


15-bit 


14-bit 


One LSB (/iV) 
OOOOh (V) 
FFFFh (V) 


153 

+9 99985 




305 

+9 99969 




610 

+9.99939 




305 
+9.99960 
-10.0000 


610 
+9 99939 
-10.0000 


1224 
+9.99878 
-10 0000 


CURRENT OUTPUT MODELS | 


Digital Input Code 


Analog Output | 


DAC700 Unipolar 


DAC702 Bipolar | 


16-bit 


15-bit 


14-bit 


16-bit 


15-bit 


14-bit 


One LSB (/i/A) 
OOOOh (mA) 
FFFFh (mA) 


0.031 

-1.99997 




061 

-1.99994 




0.122 

-1 99988 




031 
-0.99997 
+1.00000 


0.061 
-0.99994 
+1 00000 


0.122 
-0.99988 
+1.00000 




SYSTEM GROUND POINT 

+VI 



*Rb = 21(0 (0AC701 AND DAC703) 



FIGURE 6. Output Circuit for Voltage Models. 

the zero calibration adjustment. This alternate sensing 
point (the system ground point) is shown in Figures 6, 7, 
and 8. 

Figures 7 and 8 show two methods of connecting the 
current output models (DAC700 or DAC702) with 
external precision output op amps. By sensing the out- 
put voltage at the load resistor (i.e., by connecting Rf to 
the output of Ai at Rl), the effect of Ri and R2 is greatly 
reduced. Ri will cause a gain error but is independent of 
the value of Rl and can be eliminated by initial calibra- 
tion adjustments. The effect of R2 is negligible because it 
is inside the feedback loop of the output op amp and is 
therefore greatly reduced by the loop gain. 

If the output cannot be sensed at Common or the system 
ground point as mentioned above, the differential output 
circuit shown in Figure 8 is recommended. In this circuit 



the output voltage is sensed at the load common and not 
at the D/ A converter common as in the previous circuits. 
The value of Re and R? must be adjusted for maximum 
common-mode rejection at Rl. Note that if R3 is negligi- 
ble, the circuit of Figure 8 can be reduced to the one 
shown in Figure 7. Again the effect of R4 is negligible. 

The D/A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EMI. The key concept in elimination 
of RF radiation or pickup is loop area; therefore, signal 
leads and their return conductors should be kept close 



DAC700/DAC702 



ALTERNATE GROUND 
SENSE CONNECTION ~ 

TO +Vcc -* 



TO -Vcc- 




TOVd, 



-TT 



W 



SYSTEM GROUND POINT 



+V 



COM 



+5VDC 
SUPPLY 





Rb 


Rf 


Rdac 


DAC702 
DAC700 


2 45kfi 
4 0kn 


lOkQ 
5kfi 


2 45kO 
4kQ 



t Rb Should be equal to the output impedance at the current output to com- 
pensate for the bias current drift of Ai. Use standard 10%. 1/4W carbon 
composition or equivalent resistors. 



FIGURE 7. Preferred External Op Amp 
Configuration. 
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together. This reduces the external magnetic field along 
with any radiation. Also, if a single lead and itis return 
conductor are wired close together, they present a small 
flux-capture cross section for any external field. This 
reduces radiation pickup in the circuit. 



DAC700/DAC702 



SENSE 
Ri OUTPUT 

//4 



Rf > 



TO +Vcc — 



TO-Vcc- 




ALTERNATE GROUNO 
SENSE CONNECTION . 



TOVdc 



*^1//F 



Rs + Ry - Rf + Ri 

Re = Rdac 



SYSTEM GROUND POINT 



+V 



+SVDC 
SUPPLY 





Rf 


Rdac 


DAC702 
DAC700 


lOkQ 
5kQ 


2 45kn 
4kO 



FIGURE 8. Differential Sensing Output Op Amp 
Configuration. 

APPLICATrONS 

DRIVING AN EXTERNAL OP AMP WITH 
CURRENT OUTPUT D/As 

DAC700 and DAC702 are current output devices and 
will drive the summing junction of an op amp to produce 
an output voltage as shown in Figure 9. Use of the inter- 
nal feedback resistor is required to obtain specified gain 
accuracy and low gain drift. 













-o 

VoUT 






"\Rf 




^SkQ 


\ loUT 


^ 


CT)0T0« 


>-4kn / 
/common 








/ 






-=- 







FIGURE 9. External Op Amp Using Internal 
Feedback Resistors. 



DAC700 or DAC702 can be scaled for any desired volt- 
age range with an external feedback resistor, but at the 
expense of increased drifts of up to ±50ppm/°C. The 
resistors in the DAC700 and DAC702 ratio track to 
±lppm/°C but their absolute TCR may be as high as 
+50ppm/°C. 

An alternative method of scaling the output voltage of 
the D/A converter and preserving the low gain drift is 
shown in Figure 10. 




*Ri, Rz TCR < ±10ppm/°C 



FIGURE 10. External Op Amp Using Internal and 

External Feedback Resistors to Maintain 
Low Gain Drift. 

OUTPUTS LARGER THAN 20-VOLT RANGE 

For output voltage ranges larger than ±10V, a high volt- 
age op amp may be employed with an external feedback 
resistor. Use Iout values of ±lmA for bipolar voltage 
ranges and —2mA for unipolar voltage ranges (see Fig- 
ure 11). Use protection diodes as shown when a high 
voltage op amp is used. 




FIGURE 11. External Op Amp Using External 
Feedback Resistors. 
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BURR-BROWN® 




DAC705/706/707 
DAC708/709 



Microprocessor-Compatible 
16-BIT DIGITAL-TO-ANALOG CONVERTERS 



FEATURES 

• TWO-CHIP CONSTRUCTION 

• HIGH-SPEED 16-BIT PARALLEL, 8-BIT (BYTE) 
PARALLEL. AND SERIAL INPUT MOOES 

• DOUBLE-BUFFERED INPUT REGISTER 
CONFIGURATION 

• VouT AND louT MODELS 

DESCRIPTION 

The DAC708 and DAC709 are. 16-bit converters 
designed to interface to an 8-bit microprocessor bus. 
16-bit data is loaded in two successive 8-bit bytes 
into parallel 8-bit latches before being transferred 
into the D/A latch. The DAC708 and DAC709 are 
current and voltage output models respectively and 
are in 24-pin hermetic DIPs. Input coding is Binary 
Two's Complement (bipolar) or Unipolar Straight 
Binary (unipolar, when an external logic inverter is 
used to invert the MSB). In addition, the DAC708/- 
709 can be loaded serially (MSB first). 

The DAC705, DAC706, and DAC707 are designed 
to interface to a 16-bit bus. Data is written into a 
16-bit latch and subsequently the D/A latch. The 



B-BIT 
DATA I 
INPUT l-fn 
PORT 

SERIAL —I 

DATA 

INPUT 



BYTE 
LATCH 



^ 



^ 



LOW 
BHE 
LATCH 



^ 



LATCH ENABLES// 1 
MODE SELECT \_ 



CLEAR - 

WrjtI- 



D/A 
LATCH 



H 



reference 

CIRCUIT 



, — SUMMING JUNCTION 




_ DAC70B 
- ONLY 



• HIGH ACCURACY: 

Linearity Error ±0.003% of FSR max 
Differential Linearity Error ±0.006% of FSR max 

• IVIONOTONIC (TO 14 BITS) OVER SPECIFIED 
TEMPERATURE RANGE 

• HERMETICALLY SEALED 

• LOW COST PLASTIC VERSIONS AVAILABLE 
(DAC707JP/KP) 



DAC705 and DAC707 are voltage output models. 
DAC706 is a current output model. Outputs are 
bipolar only (current or voltage) and input coding is 
Binary Two's Complement (BTC). 

All models have Write and Clear control lines as 
well as input latch enable lines. In addition, DAC708 
and DAC709 have Chip Select control lines. In the 
bipolar mode, the Clear input sets the D/A latch to 
give zero voltage or current output. They are all 
14-bit accurate and are complete with reference, and 
for the DAC705, DAC707, and DAC709, a voltage 
output amplifier. All models are available with an 
optional burn-in, or environmental screening. 



16-BIT 
DATA I 

input' 



^ 



INPUT 
LATCH 



) 



^^^ 




CLEAR — 
WRITE 



CONTROL 
LOGIC 



DAC70S/709 Block Diagram DAC705/706/707 Block Diagram 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25''C, Vcc = ±15V, Vdd = +5V, and after a 10-minute warm-up unless otherwise noted. 



MODEL 






DAC705/706/707/708/709KH, 


DAC705/706/707/708/ 






DAC707JP 




DAC707KP 




709BH, SF 




UNITS 




MIN 1 TYP 


MAX 


MIN 1 TYP 


MAX 


MIN 1 TYP 


MAX 


INPUT 1 


DIGITAL INPUT 


















Resolution 


1 


16 




* 






* 


Bits 


Bipolar Input Code (all models) 


Binary Two's Complement 


* 






* 






Unipolar Input Code"' (DAC708/709 only) 








Unipolar Straight Binary 




* 






Logic Levels'^' V,h 


+2.0 




+5 5 


* 




* 


* 




* 


V 


V,L 


-1.0 




+0 8 


* 




* 


* 




* 


V 


l,H (V, - +2 7V) 






1 






* 






* 


//A 


l,L (V, = +0 4V) 






1 






* 






* 


M 


TRANSFER CHARACTERISTICS | 


ACCURACY'^" 






















Linearity Error 




±0 003 


±0 006 




±0 0015 


±0 003 




* 


* 


% of FSR"" 


Differential Linearity Error'^' 




±0.0045 


±0 012 




±0 003 


±0.006 




* 


* 


% of FSR 


at Bipolar Zero'®' ^' 










±0.003 


±0.006 




±0 0015 


±0 003 


% of FSR 


Gam Error''' 




±0.07 


±0 30 






±0 15 




±0 05 


±0.10 


% 


Zero Error'" 




±0 05 


±01 






* 




* 


* 


% of FSR 


Monotonicity Over Spec Temp Range 


13 






14 






14 






Bits 


Power Supply Sensitivity +Vcc, -Vcc 




±0.0015 


±0.006 






* 




* 


±0 003 


% of FSR/%Vcc 


Vdd 




±0 0001 


±0 001 






* 




* 


* 


% of FSR/%Vdd 


DRIFT (over Spec Temp range'^') 






















Total Error over Temp Range'*' 




±0.08 








±0.15 




* 


±0.10 


% of FSR 


Total Full Scale Drift 




±10 








±25 




* 


±15 


ppm of FSR/°C 


Gam Drift 




±10 


±30 






±25 




±7 


±15 


ppm/°C 


Zero Drift- Unipolar (DAC708/709 only) 










±2 5 


±5 




±15 


±3 


ppm of FSR/°C 


Bipolar (all models) 




±5 


±15 




* 


±12 




• ±4 


±10 


ppm of FSR/°C 


Differential Linearity Over Temp'®' 






±0.012 






+0 009, 
-0.006 






* 


% of FSR 


Linearity Error Over Temp'®' 






±0 012 






±0 006 






* 


% of FSR 


SETTLING TIME (to ±0.003% of FSR)''' 






















Voltage Output Models 






















Full Scale Step (2kQ load) 




4 






* 


8 




* 


8 


A'S 


1LSB Step at Worst Case Code""' 




2.5 






* 


4 




* 


4 


A»s 


Slew Rate 




10 






* 






* 




V///S 


Current Output Models 






















Full Scale Step (2mA). 10 to 100Q load 










350 






« 




ns 


1kO load 










1 






* 




fJS 


OUTPUT 1 


VOLTAGE OUTPUT MODELS 






















Output Voltage Range 






















DAC709: Unipolar (USB Code) 










Oto+10 










V 


Bipolar (BTC Code) 










±5, ±10 










V 


DAC707 Bipolar (BTC Code) 




±10 






* 










V 


DAC705 Bipolar (BTC Code) 










±5 










V 


Output Current 


±5 






* 






* 






mA 


Output Impedance 




015 






* 













Short Circuit to Common Duration 




Indefinite 






* 












CURRENT OUTPUT MODELS 






















Output Current Range (±30% typ) 






















DAC708 Unipolar (USB Code) 










Oto-2 










mA 


Bipolar (BTC Code) 










±1 










mA 


DAC706 Bipolar (BTC Code) 










±1 










mA 


Unipolar Output Impedance (±30% typ) 










4.0 










kO 


Bipolar Output Impedance (±30% typ) 










2.45 










kQ 


Compliance Voltage 










±2 5 










V 


POWER SUPPLY REQUIREMENTS | 


Voltage (all models) +Vcc 


+13.5 


+15 


+16.5 


* 


* 


* 


* 






V 


-Vcc 


-13.5 


-15 


-165 


* 


* 


* 


* 






V 


Vdd 


+4 5 


+5 


+5.5 


* 


* 


* 


* 






V 


Current (No load, +15V supplies) 






















Current Output Models. +Vcc 










+10 


+25 








mA 


-Vcc 










-13 


-25 








mA 


Vdd 










+5 


+10 








mA 


Voltage Ouptut Models: +Vcc 




+16 


+30 




* 


* 








mA 


-Vcc 




-18 


-30 




* 


* 








mA 


Vdd 




+5 


+10 




« 


* 








mA 
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ELECTRICAL (CONT) 






















MODEL 


DAC707JP 


DAC705/706/707/708/709KH, 
DAC707KP 


DAC705/706/707/708/ 
709BH, SH 


UNITS 




MIN 


TYP 


MAX 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


POWER SUPPLY REQUIREMENTS (CONT) | 


Power Dissipation (±15V supplies) 
Current Output Models 
Voltage Output Models 




535 






370 


800 
950 




* 


* 


mW 
nnW 


TEMPERATURE RANGE | 


Specification BH grades 

JP, KP, KH grades 
SH grades 

Storage Ceramic 
Plastic 



-60 




+70 
+100 


-65 




+ 150 

* 


-25 

-55 
-65 




+85 

+125 
+ 150 


°C 
°C 
°C 
°C 
°C 



♦Specification same as for models in column to the left 

NOTES (1 ) MSB must be inverted externally prior to DAC708/709 input (2) Digital inputs are TTL, LSTTL, 54/740, 54/74HC and 54/74HTC compatible over the 
specified temperature range (3) DAC706 and DAC708 (current-output models) are specified and tested vt/ith an external output operational amplifier connected 
using the internal feedback resistor in all tests (4) FSR means Full Scale Range For example, for ±10V output, FSR = 20V (5) +0 0015% of Full Scale Range is 
equal to 1 LSB in 16-bit resolution ±0 003% of Full Scale Range is equal to 1 LSB in 15-bit resolution +0 006% of Full Scale Range is equal to 1 LSB in 14-bit 
resolution (6) Error at input code OOOOh (For unipolar connection on DAC708/709, the MSB must be inverted externally prior to D/A input ) (7) Adjustable to zero 
with external trim potentiometer Adjusting the gam potentiometer rotates the transfer function around the bipolar zero point (8) With gam and zero errors adjusted 
to zero at +25°C (9) Maximum represents the 3a limit Not 100% tested for this parameter (10) The bipolar worst-case code change is FFFFh to OOOOh and OOOOh to 
FFFFh For unipolar (DAC708/709 only) it is 7FFFh to 8000h and,8000H to 7FFFh 

CONNECTION DIAGRAMS 
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DAC708/709 



DAC705/706/707 




NOTES I. Potenliomelers are Ma to lOOkO 

2 Decoupling capaciMrs are 1//F to I O^F 

3 Bypass. O0O22^F 10 0.01/nF 



DIGITAL INPUTS 
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DESCRIPTION OF PIN FUNCTIONS 



DAC705/706/707 


Pin 

# 


DAC708/709 | 


Designator 


Description 


Designator 


Description 


VouT (DAC707 
and DAC705) 
Rf (DAC706) 


Voltage output for DAC707 (±10V) and DAC705 (±5V) 
or an internal feedback resistor for use with an external 
output op amp for the DAC706. 


1 


A2 


Latch enable for D/A latch (Active low) 


Vdd 


Logic supply (+5V) 


2 


Ao 


Latch enable for "low byte" input (Active low) When 
both Ao and Ai are logic "0", the serial input mode is 
selected and the serial input is enabled 


DCOM 


Digital common 


3 


Ai 


Latch enable for "high byte" input (Active low) When 
both Ao and Ai are logic "0", the serial input mode is 
selected and the serial input is enabled 


ACOM 


Analog common 


4 


D7 (D15) 


Input for data bit 7 if enabling low byte (LB) latch or 
data bit 15 if enabling the high byte (HB) latch 


SJ (DAC705 
and DAC707) 
louT (DAC706) 


Summing junction of the internal output op amp for the 
DAC705 and DAC707, or the current output for the 
DAC706 Offset adjust circuit is connected to the 
summing junction of the output amplifier Refer to Block 
Diagram 


5 


D6 (D14) 


Input for data bit 6 if enabling LB latch or data bit 14 if 
enabling the HB latch 


GA 


Gain adjust pin Refer to Connection Diagram for gam 
adjust circuit 


6 


D5 (D13) 


Data bit 5 (LB) or data bit 13 (HB) 


+Vcc 


Positive supply voltage (+15V) 


7 


D4 (D12) 


Data bit 4 (LB) or data bit 12 (HB) 


-Vcc 


Negative supply voltage (-15V) 


8 


D3 (D11) 


Data bit 3 (LB) or data bit 11 (HB) 


CLR 


Clear line. Sets the input latch to zero and sets the D/A 
latch to the input code that gives bipolar zero on the 
D/A output (Active low) 


9 


D2 (D10) 


Data bit 2 (LB) or data bit 10 (HB) 


WR 


Write control line (Active low) 


10 


D1 (D9) 


Data bit 1 (LB) or data bit 9 (HB) 


Ai 


Enable for D/A converter latch (Active low) 


11 


DO (D8)/SI 


Data bit (LB) or data bit 8 (HB) Serial input when 
serial mode is selected 


Ao 


Enable for input latch (Active low) 


12 


DCOM 


Digital common 


D15 (MSB) 


Data bit 15 (Most Significant Bit) 


13 


Rf2 


Feedback resistor for internal or external operational 
amplifier Connect to pm 14 when a 10V output range is 
desired Leave open for a 20V output range 


D14 


Data bit 14 


14 


VoUT 

Rfi (DAC708) 


VoJtage output for DAC709 or feedback resistor for use 
with an external output op amp for the DAC708 Refer to 
Connection Diagram for connection of external op amp 
to DAC708 


D13 


Data bit 13 


15 


ACOM 


Analog common 


D12 


Data bit 12 


16 


SJ (DAC709) 
louT (DAC708) 


Summing junction of the internal output op amp for the 
DAC709, or the current output for the DAC708 Refer to 
Connection, Diagram for connection of external op amp 
to DAC708 


D11 


Data bit 11 


17 


BPO 


Bipolar offset Connect to pin 16 when operating in the 
bipolar mode Leave open for unipolar mode 


D10 


Data bit 10 


18 


GA 


Gain adjust pin 


D9 


Data bit 9 


19 


+Vcc 


Positive supply voltage (+15V) 


D8 


Data bit 8 


20 


-Vcc 


Negative supply voltage (-15V) 


D7 


Data bit 7 


21 


CLR 


Clear line. Sets the high and low byte input registers to 
zero and, for bipolar operation, sets the D/A register to 
the input code that gives bipolar zero on the D/A output 
(In the unipolar mode, invert the MSB prior to the D/A ) 


D6 


Data bit 6 


22 


WR 


Write control line 


D5 


Data bit 5 


23 


CS 


Chip select control line 


D4 


Data bit 4 


24 


Vdd 


Logic supply (+5V) 


D3 


Data bit 3 , 


25 


No pin 




D2 
D1 


Data bit 2 
Data bit 1 


26 
27 


No pin 
No pin 


(The DAC708 and DAC709 are in 24-pin packages) 


DO (LSB) 


Data bit (Least Significant Bit) 


28 


No pin 
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MECHANICAL 



DAC705/706/707 



DAC707JP/KP 



. A 

24 










B 







Pin 28 



Ti 



Pin 1 




-J{qU- '-"Seating — ||-D 



NOTE Leads in true position 
within 010" ( 25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers are not marked 
on package 



^^3 



7^ 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1 190 


1210 


30 23 


30 73 


B 


580 


600 


14 73 


15 24 


C 


140 


185 


3 56 


4 70 


D 


016 


020 


41 


51 


F 


030 


050 


76 


127 


G 


100 BASIC 


2 54 BASIC 1 


H 


035 


065 


89 


165 


J 


009 


012 


23 


30 


K 


165 


185 


419 


4 70 


L 


600 BASIC 


15 24 BASIC 


N 


040 1 060 


1 02 1 1 52 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1386 


1465 


35 20 


37 21 


B 


610 BASIC 


15 49 BASIC 1 


C 


160 


205 


406 


5 21 


' D 


015 


019 


38 


48 


F 


045 


055 


1 14 


140 


G 


100 BASIC 


2 54 BASIC 1 


H 


035 


095 


89 


2 41 


J 


009 


012 


23 


30 


K 


155 


195 


3 94 


4 05 


L 


600 BASIC 


15 42 BASIC 


N 


020 1 060 


51 1 152 



DIM 


INCHES 


MILLIMETERS \ 


MIN 


MAX 


MIN 


MAX 


A 


1440 


1500 


36 58 


3810 


B 


475 


520 


12 07 


13 20 


c 


0170 


225 


4 32 


5 72 


D 


016 


024 


40 


60 


F 


047 


065 


120 


165 


G 


100 BASIC 


2 54 BASIC 1 


H 


050 


0100 


1 27 


2 54 


J 


008 


014 


20 


35 


K 


0130 


0154 


3 30 


3 90 


L 


600 BASIC 


15 24 BASIC 1 


M 


0°C 


15°C 


0°C 


IS'C 


N 


020 


024 


51 


61 



o 

h; 

00 
O 

B 

< 

Q 

o 
r*. 

«5 

o 

o 
1^ 
O 

< 
Q 



(0 

oc 

UJ 

I- 

QC 
UJ 

> 

z 
o 
o 

< 



2 

z 

UJ 

s 

3 
V) 

z 



ABSOLUTE MAXIMUM RATINGS 



Vdd to COMMON OV, +15V 

+Vcc to COMMON OV, +18V 

-Vcc to COMMON OV, -18V 

Digital Data Inputs to COMMON -0 5V, Vdd +0.5 

DC Current any Input ±10mA 

Reference Out to COMMON . . Indefinite Short to COMMON 
VouT (DAC707, DAC709) Indefinite Short to COMMON 



External Voltage Applied to Rf (pin 1, DAC706; pin 13 ©r 14, DAC708) ±18V 

External Voltage Applied to D/A Output (pin 1, DAC707; pin 14, DAC708) ±5V 

Power Dissipation lOOOmW 

Storage Temperature -SO'C to +150°C 

Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 
Lead Temperature (Soldering, 1 0s) 300° 
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ORDERING INFORMATION 





Temperature 


Input 


Output 


Model 




Configuration 


Configuration 


DAC705KH 


0°Cto+70°C 


16-bitport 


+5V output 


DAC705KH-BI 


0°Cto+70°C 


16-bit port 


+5V output 


DAC705BH 


-25°Cto+85°C 


16-bitport 


±5V output 


DAC705BH-BI 


-25°Cto+85°C 


16-bitport 


±5V'output 


DAC705BH/QM 


-25°Cto+85°C 


16-bitport 


+5V output 


DAC705SH 


-55°Cto+125°C 


16-bit port 


±5V output 


DAC705SH-BI 


-55°Cto+125°C 


16-bit port 


±5V output 


DAC705SH/QM 


-55°Cto+125°C 


16-bit port 


±5V output 


DAC706KH 


0°Cto+70°C 


16-bit port 


±1mA output 


DAC706KH-BI 


0°Cto+70°C 


16-bitport 


±1mA output 


DAC706BH 


-25°Cto+85°C 


16-bitport 


+1mA output 


DAC706BH-BI 


-25°Cto+85°C 


16-bitport 


+1mA output 


DAC706BH/QM 


-25°Cto+85°C 


16-bit port 


±1mA output 


DAC706SH 


-55°Cto+125°C 


16-bitport 


±1mA output 


DAC706SH-BI 


-55°Cto+125°C 


16-bit port 


+1mA output 


DAC706SH/QM 


-55°Cto+125°C 


16-bit port 


+1mA output 


DAC707JP 


0°Cto+70°C 


16-bitport 


±10V output 


DAC707JP-BI 


0*Cto+70°C 


16-bitport 


±10V output 


DAC707KP 


0°Cto+70°C 


16-bitport 


±10V output 


DAC707KP-BI 


0°Cto+70°C 


16-bit port 


±10V output 


DAC707KH 


0°Cto+70°C 


16-bitport 


+10V output 


DAC707KH-BI 


0°Cto+70°C 


16-bitport 


+10V output 


DAC707BH 


-25°Cto+85°C 


16-bitport 


+10V output 


DAC707BH-BI 


-25° C to +85° C 


16-bitport 


±10V output 


DAC707BH/QM 


-25°Cto+85°C 


16-bitport 


±10V output 


DAC707SH 


-55°Cto+125°C 


16-bit port 


±10V output 


DAC707SH-BI 


-55°Cto+125°C 


16-bitport 


+10V output 


DAC707SH/QM 


-55°Cto+125°C 


16-bitport 


±10V output 


DAC708KH 


0°Cto+70°C 


8-bit port 


±1mA output 


DAC708KH-BI 


0°Cto+70°C 


8-bit port 


±1mA output 


DAC708BH 


-25°Cto+85°C 


8-bit port 


+1mA output 


DAC708BH-BI 


-25°Cto+85°C 


8-bit port 


+1mA output 


DAC708BH/QM 


-25°Cto+85°C 


8-bit port 


+1mA output 


DAC708SH 


-55°Cto+125°C 


8-bit port 


±1mA output 


DAC708SH-BI 


-55°Cto+125°C 


8-bit port 


+1mA output 


DAC708SH/QM 


-55°Cto+125°C 


8-bit port 


±1mA output 


DAC709KH 


0°Cto+70°C 


8-bit port 


±10V output 


DAC709KH-BI 


0°Cto+70°C 


8-bit port 


±10V output 


DAC709BH 


-25°Cto+85°C 


8-bit port 


+10V output 


DAC709BH-BI 


-25° C to +85° C 


8-bit port 


+10V output 


DAC709BH/QM 


-25°Cto+85°C 


8-bit port 


±10V output 


DAC709SH 


-55°Cto+125°C 


8-bit port 


±10V output 


DAC709SH-BI 


-55°Cto+125°C 


8-bit port 


±10V output 


DAC709SH/QM 


-55°Cto+125°C 


8-bit port 


±10V output 
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DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

For bipolar operation, the DAC705/706/707/708/709 
accept positive-true binary two's complement input code. 
For unipolar operation (DAC708/709 only) the input 
code is positive-true straight-binary provided that the 
MSB input is inverted with an external inverter. See 
Table I. 

TABLE I. Digital Input Codes. 



Digital 
Input 
Codes 


Analog Output | 


Unipolar Straight Binary"* 
(DAC708/709 only, connec- 
ted for Unipolar operation) 


Binary Two's Complement 

(Bipolar operation; 

all models) 


7FFFh 
OOOOh 
FFFFh 
8000h 


+1/2 Full Scale -1 LSB'^' 

Zero 

+Full Scale 

+1/2 Full Scale 


+Full Scale 

Zero 

-1LSB 

-Full Scale 



(1) MSB must be inverted externally (2) Assumes MSB is inverted 
externally 



ACCURACY 
Linearity 

This specification describes one of the most important 
measures of performance of a D/A converter. Linearity 
error is the deviation of the analog output from a 
straight line drawn through the end points (—Full Scale 
point and +Full Scale point). 
Differential Linearity Error 

Differential Linearity Error (DLE) of a D/A converter is 
the deviation from an ideal ILSB change in the output 
when the input changes from one adjacent code to the 
next. A differential linearity error specification of 
±1/ 2LSB means that the output step size can be between 
1/2LSB and 3/2LSB when the input changes between 
adjacent codes. A negative DLE specification of —ILSB 
maximum (—0.006% for 14-bit resolution) insures mon- 
otonicity. 
Monotonicity 

Monotonicity assures that the analog output will increase 
or remain the same for increasing input digital codes. 
The DAC705/706/707/708/709 are specified to be mon- 
otonic to 14 bits over the entire specification temperature 
range. 
DRIFT 
Gain Drift 

Gain drift is a measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per degree centigrade (ppm/°C). Gain drift is 
established by: (1) testing the end point differences at tmm, 
+25°C and tmax; (2) calculating the gain error with 
respect to the +25°C value; and (3) dividing by the 
temperature change. 
Zero Drift 

Zero drift is a measure of the change in the output with 
OOOOh applied to the D/A converter inputs over the spec- 
ified temperature range. (For the DAC708/709 in unipo- 



lar mode, the MSB must be inverted.) This code corres- 
ponds to zero volts (DAC705/707 and DAC709) or zero 
milliamps (DAC706 and D AC708) at the analog output. 
The maximum change in offset at tmm or tmax is referenced 
to the zero error at +25°C and is divided by the tempera- 
ture change. This drift is expressed in FSR/°C. 
SETTLING TIME 

Settling time of the D/A is the total time required for the 
analog output to settle within an error ^band around its 
final value after a change in digital input. Refer to Figure 
1 for typical values for this family of products. 
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FIGURE 1. Final- Value Error Band Versus Full-Scale 
Range Settling Time. 

Voltage Output 

Settling times are specified to ±0.003% of FSR (±1/2 
LSB for 14 bits) for two input conditions: a full-scale 
range change of 20V (±10V) or lOV (+5V or to lOV) 
and a ILSB change at the "major carry", the point at 
which the worst-case settling time occurs. (This is the 
worst-case point since all of the input bits change when 
going from one code to the next.) 

Current Output 

Settling times are specified to±0.003% of FSR for a full- 
scale range change for two output load conditions: one 
for ion to lOOn and one for lOOOfl. It is specified this 
way because the output RC time constant becomes the 
dominant factor in determining settling time for large 
resistive loads. 

COIVIPLIANCE VOLTAGE 

Compliance voltage applies only to current output mod- 
els. It is the maximum voltage swing allowed on the 
output current pin while still being able to maintain spec- 
ified accuracy. 
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POWER SUPPLY SENSITrVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/A converter 
output. It is defined as a percent of FSR change in the 
output per percent of change in either the positive supply 
(+Vcc), negative supply (— Vcc) or logic supply (Vdd) 
about the nominal power supply voltages (see Figure 2). 
It is specified for DC or low frequency changes. The 
typical performance curve in Figure 2 shows the effect of 
high frequency changes in power supply voltages. 



^0 025 



^ 015 




10 100 Ik 10k 

Power Supply Ripple Frequency (Hz) 



J4-5V 

mm 



FIGURE 2. Power Supply Rejection Versus Power 
Supply Ripple Frequency. 

OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, po\Ver 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. IjuF tantalum capacitors 
should be located close to the D/A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external 
zero and gain potentiometers. Connect these potenti- 
ometers as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
be 100ppm/°C or less. The 3.9Mn and 270kn resistors 
(±20% carbon or better) should be located close to the 
D/A converter ta prevent noise pickup. If it is not con- 
venient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure 3, may be substituted in 
place of the 3.9Mn resistor. A 0.001mF to O.OImF 
ceramic capacitor should be connected from GAIN 
ADJUST to ANALOG COMMON to prevent noise 
pickup. Refer to. Figures 4 and 5 for the relationship of 
zero and gain adjustments to unipolar D/A converters. 




FIGURE 3. Equivalent Resistances. 



Zero Adjustment 

For unipolar (USB) configurations, apply the digital 
input code that produces zero voltage or zero current 
output and adjust the zero potentiometer for zero out- 
put. 

For bipolar (BTC) configurations, apply the digital 
input code that produces zero output voltage or current. 
See Table II for corresponding codes and connection 
diagrams for zero adjustment circuit connections. Zero 
calibration should be made before gain calibration. 
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FIGURE 4. Relationship of Zero and Gain Adjust- 
ments for Unipolar D/A Converters, 
DAC708 and DAC709. 
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FIGURE 5. Relationship of Zero and Gain Adjust- 
ments for Bipolar D/A Converters, 
DAC705/706/707 and DAC708/709. 
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TABLE 11. Digital Input 


And Analog Output Voltage/ Current Relationships. 














VOLTAGE OUTPUT MODELS | 


Digital 

Input 

Code 


Analog Output 


Units 


Digital 

Input 

Code 


Analog Output 


Units 


•Unipolar, to +10V 


Bipolar, ±10V { 


Bipolar, ±5V 


16-Bit 


15-Bit 


14-Bit 


16-Bit 


15-Blt 


14-Bit 


16-Blt 


15-Bit 


14-Bit 


One LSB 

FFFFh 

OOOOh 


153 

+9 99985 




305 

+9 99969 




610 

+9 99939 




V 
V 


One LSB 

7FFFh 

8000h 


305 
+9 99960 
-10 0000 


610 
+9 99939 
-10.0000 


1224 
+9 99878 
-10 0000 


153 
+4 99980 
-5 0000 


305 
+4 99970 
-5 0000 


610 
+4 99939 
-5 0000 


V 
V 


CURRENT OUTPUT MODELS | 


Digital 

input 

Code 


Analog Output 


Units 


Digital 

Input 

Code 


Analog Output 


Units 


'Unipolar, to -2mA 


Bipolar, ±1mA 


16-Bit 


15-Bit 


14-Bit 






14-Bit 


One LSB 

FFFFh 

OOOOh 


031 

-1 99997 




061 

-1 99994 




122 

-1 99988 




mA 
mA 


One LSB 

7FFFh 

8000h 


031 
-0 99997 
+1 00000 


061 
-0 99994 
+1 00000 


0122 
-0 99988 
+1 00000 


//A 
mA 
mA 



*MSB assumed to be inverted externally 



Gain Adjustment 

Apply the digital input that gives the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full-scale voltage. See Table II for positive full- 
scale voltages and the Connection Diagrams for gain 
adjustment circuit connections. 

INTERFACE LOGIC AND TIMING 
DAC708/709 

The signals CHIP SELECT (CS), WRIT E (W R), regis- 
ter enables (Ao, Ai, and A^) and CLEAR (CLR), provide 
the control functions for the microprocessor interface. 
They are all active in the "low" or logic "0" state. CS 
must be low to access any of the registers. Ao and ~A\ 
steer the input 8-bit data byte to the low- or high-byte 
input latch respectively. A2 gates the contents of the two 
input latches through to the D/A latch in parallel. The 
contents are then applied to the input of the D/A conver- 
ter. When WR goes low, data is strobed into the latch or 
latches which have been enabled. 

The serial input mode is activated when both'Ao andXi 
are logic "0" simultaneously. The DO (D8)/SI input data 
line accepts the serial data MSB first. Each bit is clocked 
in by a WR pulse. Data is strobed through to the D/A 
latch by A2 going to logic "0" the same as in the parallel 
input mode. 

Each of the latches can be made "transparent" by main- 
taining its enable signal at logic "0". However, as stated 
above, when both Xo and A^ are logic "0" at the same 
time, the serial mode is selected. 

The CLR line resets both input latches to all zeros and 
sets the D/A latch to OOOOh. This is the binary code that 
gives a null, or zero, at the output of the D/A in the 
bipolar mode. In the unipolar mode, activating CLR will 
cause the output to go to one-half of full scale. 

The maximum clock rate of the latches is lOMHz. The 
minimum time between write (WR) pulses for successive 
enables is 20ns. In the serial input mode (DAC708 and 
DAC709), the maximum rate at which data can be 
clocked into the input shift register is lOMHz. 
The timing of the control signals is given in Figure 6. 



LOGIC TIMING - Parallel or Serial Data Input Over Temperature 

ns. min ns, max 


tow 


Data valid to end of WR 80 




tew 


CS valid to end of WR 80 




Iaw 


A0.A1.A2validtoendofWR 80 




IWP 


Write pulse width 80 




toH 


Data hold after end of WR 
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FIGURE 6. Logic Timing Diagram. 

DAC706/707 

The DAC705/706/707 interface timing is the same as 
that described above except instead of two 8-bit sepa- 
rately-enabled input latches, it has a single 16-bit input 
latch enabled by Ao. The D/A latch is enabled by aT 
Also, the r e i s no serial-input mode and no CHIP 
SELECT (CS) line. 

INSTALLATION 
CONSIDERATIONS 

Due to the extremely-high accuracy of the D/A conver- 
ter, system design problems such as grounding and con- 
tact resistance become very important. For a 16-bit con- 
verter with a +10V full-scale range, ILSB is ISBjuV. With 
a load current of 5mA, series wiring and connector 
resistance of only SOmH will cause the output to be in 
error by ILSB. To understand what this means in terms 
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of a system layout, the resistance of typical 1 ounce 
copper-clad printed circuit board material is approxi- 
mately l/2mn per square. In the example above, a 10 
milliinch-wide conductor 60 milliinches long would cause 
a ILSB error. 

In Figures 7 and 8, lead and contact resistances are 
represented by Ri through R5. As long as the load resist- 
ance Rl is constant, R2 simply introduces a gain error 



DAC705/707/709 




FIGURE 7. DAC705/707/709 Bipolar Output Circuit 
(Voltage Out). 



OAC706/708 



MICRO- 
PROCESSOR 
^ INTERFACE 




±Vcc 

SUPPLY 



SUPPLY 



FIGURE 8. DAC706/708 Bipolar Output Circuit 
(with External Op Amp). 



and can be removed with gain calibration. R3 is part of 
Rl if the output voltage is sensed at ANALOG COM- 
MON. 

Figures 8 and 9 show two methods of connecting the 
currrent output model with an external precision output 
op amp. By sensing the output voltage at the load resis- 
tor (connecting Rf to the output of the amplifier at Rl) 
the effect of Ri and R2 is greatly reduced. Ri will cause a 
gain error but is independent of the value of Rl and can 
be eliminated by initial calibration adjustments. The 
effect of R2 is negligible because it is inside the feedback 
loop of the output op amp and is therefore greatly 
reduced by the loop gain. 



DAC706 OR 0AC708! 



^s. R2 

? R. R= 1 



SENSE 
OUTPUT 

_J 



TO SYSTEM GROUND 



R3 



FIGURE 9. Alternate Connection for Ground 

Sensing at the Load (Current Output 
Models). 

In many applications it is impractical to sense the output 
voltage at ANALOG COMMON. Sensing the output 
voltage at the system ground point is permissible because 
these converters have separate analog and digital com- 
mon lines and the analog return current is a near- 
constant 2mA and varies by only lO/uA to 20juA over the 
entire input code range. R4 can be as large as 3fl without 
adversely affecting the linearity of the D/A converter. 
The voltage drop across R4 is constant and appears as a 
zero error that can be nulled with the zero calibration 
adjustment. 

Another approach senses the output at the load as 
shown in Figure 9. In this circuit the output voltage is 
sensed at the load common and not at the D/A converter 
common as in the previous circuits. The value of Re and 
R? must be adjusted for maximum common-mode rejec- 
tion across Rl. The effect of R4 is negligible as explained 
previously. 

The D/A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EMI. The key to elimination of RF 
radiation or pickup is small loop area. Signal leads and 
their return conductors should be kept close together 
such that they present a small flux-capture cross section 
for any external field. 

BURN-IN SCREENING 

Burn-in screening is an option available for the entire 
DAC705 through DAC709 family of products. Burn-in 
duration is 160 hours at the temperature shown below 
(or equivalent combination of time and temperature). 
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Model Temp. Range 

DAC705KH-BI 0°Cto+70°C 
DAC705BH-BI -25°Cto+85°C 
DAC705SH-BI -55°C to +125°C 



Burn-In Screening 

160 hours at 85° C 

160 hours at 85° C 

160 hours at 125°C 



All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI"to the 
base model. 

ENVIRONMENTAL SCREENING 

/QM Screening 

All BH and SH models are available with Burr-Brown's 
/QM environmental screening for enhanced reliability. 
The screening, tabulated below, is performed to selected 
methods of MIL-STD-883. Reference to these methods 
provides a convenient method of communicating the 
screening levels and basic procedures employed; it does 
not imply conformance to any other military standards 
or to any methods of MIL-STD-883 other than those 
specified below. Burr-Brown's detailed procedures may 
vary slightly, model-to-model, from those in MIL-STD- 
883. 

SCREENING FLOW FOR /QM MODELS 



Screen 


MIL-STD-883 
Method 


Condition 


Comments 


Internal Visual 


2017 


B 




High Temperature 
Storage (Stabili- 
zation Bake) 


1008 


C 


+150°C, 24hrs 


Temperature 
Cycling 


1010 


C 


-65 to +150°C, 
10 cycles 


Burn-in 


1015 


B 


+125°C, leOhrs 


Constant 

Acceleration 
28-pin pkg 
24-pin pkg 


2001 


B 

E 


10.000G 
30,00OG 


Hermeticity 
Fine Leak 
28-pin pkg 
24-pin pkg 
Gross Leak 


1014 
1014 


A1 orA2 
C 


2 X lO'^'atmcc/sec 
5 X 10"^ atmcc/sec 
eOpsig, 2hr 


External Visual 


2009 







APPLICATIONS 

LOADING THE DAC709 SERIALLY ACROSS AN 
ISOLATION BARRIER 

A very useful application of the D AC709 is in achieving 
low-cost isolation that preserves high accuracy. Using 
the serial input feature of the input register pair, only 
three signal lines need to be isolated. The data is applied 
to pin 11 in a serial bit stream, MSB first. The WR input 



is used as a data strobe, clocking in each data bit. A 
RESET signal is provided for system startup and reset. 
These three signals are each optically isolated. Once the 
16 bits of serial data have been strobed into the input 
register pair, the data is strobed through to the D/A 
register by the "carry" signal out of a 4-bit binary syn- 
chronous counter that has counted the 16 WR pulses 
used to clock in the data. The circuit diagram is given in 
Figure 10. 
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FIGURE 10. Serial Loading of Electrically Isolated 
DAC708/709. 
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CONNECTING MULTIPLE DAC707S TO A 16-BIT 
MICROPROCESSOR BUS 

Figure 11 illustrates the method of connecting multiple 
DAC707S to a 16-bit microprocessor bus. The circuit 
shown has two DAC707s and uses only one address line 
to select either the input register or the D/ A register. An 
external address decoder selects tne desired converter. 
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FIGURE 11. Connecting Multiple DAC707s to a 16- 
Bit Microprocessor. 



Burr-Brown IC Data Book 



6.1-64 



Vol. 33 



BURR-BRO>A^N 





DAC710 
DAC711 



Monolithic 16-Bit 
ROBOTICS DIGITAL-TO-ANALOG CONVERTERS 



FEATURES 

• DESIGNED SPECIFICALLY FOR CLDSED-LOOP 
SERVO-CONTROL APPLICATIONS 

• MONOTDNIC TO 15 SITS OVER TEMPERATURE 

• MONOLITHIC CONSTRUCTION 

DESCRIPTION 

Robotics, numerical controllers, and other applica- 
tions that involve the driving of servomotors require 
D/ A converters that have very-good differential lin- 
earity around the zero output point. The DAC710KH 
(current output) and DAC711KH (voltage output) 
have been optimized for this characteristic. 
DAC710 and DAC711 are complete 16-bit D/A 
converters on one chip. They include a precision 
buried-zener voltage reference, a fast settling opera- 
tional amplifier (DAC71 1 only) as well as the D/A 
converter circuits. A combination of current switch 
design techniques accomplishes a guaranteed mono- 



• VouT AND louT MODELS 

• PIN-COMPATIBLE WITH DAC702, DAC703 

• VERY-LOW COST FOR MULTIPLE-CHANNEL 



APPLICATIONS 



tonicity of 15 bits around Bipolar Zero over the 
entire specification temperature range, 0°C to +70°C. 
Digital inputs are complementary binary coded and 
are TTL-, LSTTL-, 54/74C-, and 54/74HC-compa- 
tible over the entire temperature range. Outputs are 
±10V for the DAC711KH and ±lmA for the 
DAC710KH. 

This D/A family is pin-compatible with the voltage 
and current output DAC703 and DAC702 model 
families. These D/A converters are packaged in 24- 
pin ceramic side-brazed packages that are hermeti- 
cally sealed. 



DAC710 



Oti 



O- 



O- 



O- 



16-BIT 
LADDER 
RESISTOR 
NETWORK 

AND 
CURRENT 
SWITCHES 



REFERENCE 
CIRCUIT 



^g 



6.3V REF OUT 
0+Vcc 
Q GAIN ADJUST 

QloUT 

COMMON 
0-Vcr 

Qvoo 

^J Rfeedback 

o 



r2 



Oji 



0AC711 



0-=! 



16-BIT 
LADDER 
RESISTOR 
NETWORK 

AND 
CURRENT 
SWITCHES 



REFERENCE 
CIRCUIT 




-trO 




6.3V REF OUT 
3+Vcc 
3 GAIN ADJUST 

D"^ SUMMING 
JUNCTION 
COMMON 

Q-Vcc 
Qvoo 



0] 

o 



^8j 



International Airport Industrial Park - P.O. Box 11400 • Tucson. Arizona 85734 - Tel. (602| 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 



Burr-Brown IC Data Book 



PDS-546B 

6.1-65 



Vol. 33 



SPECIFICATrONS 



ELECTRICAL 

At Ta = +25° C and rated power supplies and after 10 minutes of warm-up time unless otherwise noted 



MODEL 


DAC710KH/DAC711KH 


UNITS 


MIN 


TYP ! 


MAX 


INPUT 1 


DIGITAL INPUT 










Resolution 






16 


Bits 


Digital Inputs"'. Vm 


+2 4 




+Vcc 


V 


V,L 


-10 




+0 8 


V 


l,H, V, = +2 7V 






+40 


M 


liL, Vi = +0 4V 




-0 35 


-0 5 


mA 


TRANSFER CHARACTERISTICS | 


ACCURACY'^' 










Differential Linearity Error (near bipolar zero)""'°' 






+0 006, -0 003 


% of FSR'=" 


Monotonicity (near bipolar zero)"" 


15 






Bits 


Lineanty Error 






±0 0045 


% of FSR 


Gam Error'®' 




±0 15 


±0 30 


% 


Bipolar Zero Error'®"^' 




±0 05 


±0 1 


% of FSR 


DRIFT (over specification temperature range) 










Differential Linearity Error (near bipolar zero) over 










Temperature""'^' 






+0 009, -0 003 


% of FSR 


Monotonicity (near bipolar zero) over Temperature"" 


15 






Bits 


Lineanty Error over Temperature 






±0 009 


% of FSR 


Gam Drift 




±25 


±50 


ppm/°C 


Bipolar Zero Drift 




±5 


±12 


ppm of FSR/°C 


SETTLING TIME (to ±0 003% of FSR)'^' 










DAC711 (VouT Models) 










Full Scale Step (2kn load) 




4 


8 


fjsec 


For 1LSB Step Change at Worst-Case Code'®' 




25 


4 


jjsec 


Slew Rate 




10 




V/yusec 


DAC710 (louT Models) 










Full Scale Step (2mA) 10O to lOGQ load 




350 




nsec 


1kn load 




1 




fjsec 


OUTPUT 1 


VOLTAGE OUTPUT 










DAC711 




±10 




V 


Output Current 


±5 






mA 


Output Impedance 




015 







Short Circuit to Common Duration 




Indefinite 






CURRENT OUTPUT 










DAC710 










Output Range (±30% typ) 




±1 




mA 


Output Impedance (±30% typ) 




40 




kO 


Compliance 


-2 5 




+2 5 


V 


REFERENCE VOLTAGE 










Voltage 




+6 3 




V 


Source Current Available for External Loads 




+2 5 




mA 


Short Circuit to Common Duration 




Indefinite 






POWER SUPPLY REQUIREMENTS | 


Voltage +Vcc 


+13 5 


+15 


+16 5 


V 


-Vcc 


-13 5 


-15 


-165 


V 


Vdd 


+4 5 


+5 


+16 5 


V 


Current (No Load) 










DAC711 (VouT Model)- +Vcc 




+16 


+30 


mA 


-Vcc 




-18 


-30 


mA 


Vdd 




+4 


+8 


mA 


DAC710 (louT Model) +Vcc 




+10 


+25 


mA 


-Vcc 




-13 


-25 


mA 


Vdd 




+4 


+8 


mA 


Power Dissipation (Vdd = +5 OV) "°'- DAC711 




530 


940 


mW 


DAC710 




365 


790 


mW 


Power Supply Rejection +Vcc 




±0 003 


±0 006 


% of FSR/%Vcc 


-Vcc 




±0 003 


±0.006 


% of FSR/%Vcc 


Vdd 




±0.0001 


±0.001 


% of FSR/%Vdd 


TEMPERATURE RANGE | 


Specification 







+70 


°C 


Storage 


-60 




+150 


°C 
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NOTES (1) Digital inputs are TTL-. LSTTL-. 54/74C-, 54/74HC-. and 54/74HTC-compatible over the operating voltage range of Vdd = +5V to +15V and 
over the specified temperature range The input switching threshold remains at the TTL threshold of 1 4V over the supply range of Vdd = +5\/ to +15\/ As 
logic "0" and logic "1" inputs vary overOV to +0 SV and +2 AM to -f-lOV, respectively, the change in the D/A converter output voltage will not exceed ±0 006% 
of FSR (2) DAC710KH is specified and tested with an external output operational amplifier using the internal feedback resistor in all parameters except 
settling time (3) FSR means Full Scale Range and is 20\/ for the DAC711KH and 2mA for the DAC710KH (4) This specification is for ±2048 consecutive 
codes around the bipolar zero code, that is, from 77FFh to 87FFh (5) ±0 003% of FSR is 1LSB for 15-bit resolution (6) Adjustable to zero with external 
trim potentiometer Adjusting the gam potentiometer rotates the transfer function around the bipolar zero point (7) Error at input code 7FFFh, bipolar 
zero (8) Maximum represents the 3a limit Not 100% tested for this parameter (9) At the major carry, 7FFFh to 8000h and 8000h to 7FFFh (10) Power 
dissipation is an additional 40mW when Vdd is operated at +15V 



ORDERING INFORMATION 



Model 


Package 


Temperature 
Range 


Output 


DAC710KH 
DAC711KH 


Hermetic Ceramic 
Hermetic Ceramic 


0°Cto+70°C 
0°Cto+70°C 


Current, ±1mA 
Voltage 


BURN-IN SCREENING OPTION 

See text for details 


Model 


Package 


Temperature 
Range 


Burn-In 
Temp. (160h)'" 


DAC710KH-BI 
DAC711KH-BI 


Hermetic Ceramic 
Hermetic Ceramic 


0°Cto+70°C 
0°Cto+70°C 


85° C 
85° C 



NOTE (1) Or equivalent combination of time and temperature 

PIN ASSIGNMENTS 



MECHANICAL 





Function 1 


PIn 
No. 






DAC710 


DAC711 


1 


Bit 1 (MSB) 


Bit 1 (MSB) 


2 


Bit 2 


Bit 2 


3 


Bit 3 


Bit 3 


4 


Bit 4 


Bit 4 


5 


Bit 5 


Bit 5 


6 


Bit 6 


Bit 6 


7 


Bit 7 


Bit 7 


8 


Bit 8 


Bit 8 


9 


Bit 9 


Bit 9 


10 


Bit 10 


Bit 10 


11 


Bit 11 


Bit 11 


12 


Bit 12 


Bit 12 


13 


Bit 13 


Bit 13 


14 


Bit 14 


Bit 14 


15 


Bit 15 


Bit 15 


16 


Bit16(LSB) 


Bit 16 (LSB) 


17 


R FEEDBACK 


VOUT 


18 


Vdd 


Vdd 


19 


-Vcc 


-Vcc 


20 


Common 


Common 


21 


loUT 


Summing Junction 
(Zero Adjust) 


22 


Gam Adjust 


Gam Adjust 


23 


+Vcc 


+Vcc 


24 


+6 3VRef Out 


+6 3V Ref Out 





^ 




\ 


b 






B 









^' 


^ A *- 





a- 



NOTE 

Leads in true 
position 
within 010" 
(0 25mm) R at 
MMC at seat- 
ing plane 



mmrtffi^ 

U — H —J G U— 



4 



L._d> 



DIM 


INCHES 


MILLIMETERS ] 


MIN 


MAX 


MIN 


MAX 


A 


1.185 


1.215 


30.10 


30.66 


B 


.600 


.620 


15.24 


15.75 


C 


.126 


.171 


3.18 


4.34 


D 


.015 


.021 


0.38 


0.53 


F 


.035 


.060 


0.89 


1.52 


Q 


.100 


BASIC 


2.54 


3ASIC 


H 


.030 


.070 


0.76 


1.78 


J 


.008 


.012 


0.20 


0.30 


K 


.120 


.240 


3.05 


6.10 


L 


.600 


BASIC 


15.24 BASIC 


M 





10* 





10« 


N 


.025 


.060 


0.64 


1.52 



o 

< 



CONNECTION DIAGRAM 



(0 

oc 

UJ 

oc 

UJ 

> 
z 
o 
o 

< 

Q 

z 
o 

i* 

z 

LU 



OC 
I- 



©r 



0- 



©- 



MSB 



16-BIT 
LADDER 
RESISTOR 
NETWORK 

AND 
CURRENT 
SWITCHES 




0.0022//F J_+~ 



270kQ 
-VA ^Z (3) 



3.9MO 



■^r: 



i-Vcc 



-^< (3) 



Cr 



NOTES: 

1. CAN BE TIED TO +Vcc INSTEAD OF 3. POTENTIOMETERS ARE lOkQ TO 
HAVING SEPARATE Vdd SUPPLY. lOOkO. 

2. DECOUPLING CAPACITORS ARE 0.1//F 4. AMPLIFIER IN DAC71 1 ONLY. 
TO LOa/F. TANTALUM. 
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ABSOLUTE MAXIMUM RATINGS 



Vdd to Common 0Vto+18V 

+\/cc to Common 0Vto+18V 

-Vcc to Common 0Vto-18V 

Digital Data Inputs (pins 1-16) to Common -IVto+IBV 

Reference out (pin 24) 

to Common Indefinite Short to Common 

External Voltage Applied to Rf (pin 21, DAC710KH) +18V 

External Voltage Applied 

to D/A Output (pin 17, DAC711KH) -5V to +5V 

VouT (pm 17, DAC711) Indefinite Short to Common 

Power Dissipation lOOOmW 

Storage Temperature -60° C to +150° C 

Lead Temperature (soldering, 10s) 300°C 

NOTE Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device Exposure to absolute 
maximum conditions for extended periods may affect device reliability 



DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC710/711KH accept complementary binary dig- 
ital input codes in bipolar format. They may be con- 
nected by the user for either complementary offset 
binary (COB) or complementary two's complement 
(CTC) codes (see Table I). 

ACCURACY 
Linearity 

Linearity error is the deviation of the analog output 
from a straight line drawn through the end points (all 
bits ON point and all bits OFF point). 
Differential Linearity 

For servomotor control applications, differential Hnear- 
ity error (DLE) is one of the most important perfor- 
mance measures of a D/A converter. DLE is the devia- 
tion from an ideal ILSB change in the output when the 
input changes from one adjacent code to the next. A 
differential Unearity error specification of +0.006% of 
FSR maximum means that an output step size can be 
between ILSB and 3LSB (at 15 bits) when the input 
changes between adjacent codes. A DLE specification of 
—0.003% maximum ensures 15-bit monotonicity. 
Monotonicity 

When a D/A converter is monotonic, the analog output 
increases or remains the same for an increasing input 
digital code. For ±2048 consecutive codes around 
bipolar zero, the DAC710KH and DAC71IKH are 
monotonic to 15 bits over the entire specification 
temperature range. 

DRIFT 
Gain Drift 

Gain drift is a measure of the change in the full-scale 
range output over temperature expressed in parts-per- 
million per degree centigrade (ppm/^'C). Gain drift is 
established by (1) testing the end point difference for 
each D/A at tmm, +25°C and tmax (2) calculating the gain 
error with respect to the +25''C value, and (3) dividing 
by the temperature change. 



Zero Drift 

Zero drift is a measure of the change in the output with 
7FFFh (bipolar zero) applied to the digital inputs. This 
code corresponds to OV (DAC711KH) or 0mA 
(DAC710KH) at the analog output. The maximum 
change in offset at tmm or tmax is referenced to the zero 
error at +25°C and is divided by the temperature 
change. This drift is expressed in parts-per-million of 
full-scale range per degree centigrade (ppm of FSR/°C). 

TABLE L Digital Input Codes. 



Digital 

Input 

Codes 


Analog Output | 


Binary (COB) 


* Complementary Two's 
Complement (CTC) 


OOOOh 
7FFFh 
8000h 
FFFFh 


+ Full Scale 
Bipolar Zero 

-1LSB 
- Full Scale 


-ILSB 
- Full Scale 
-f- Full Scale 
Bipolar Zero 



* Invert the MSB of the COB code with an external inverter to obtain CTC 
code. 

SETTLING TIME 

Settling time of the D/A is the total time required for the 
output to settle within an error band around its final 
value after a change in input. Refer to Figure 1 for typi- 
cal values. 

Voltage Output, DAC711KH 

Settling times are specified to ±0.003% of FSR for two 
input conditions: a full-scale range change of 20V and a 
+0.006% of FSR (± 1 LSB in 14 bits) change at the major 
carry, the point at which the worst-case setting time 
occurs. 

Current Output, DAC710KH 

Settling times are specified to ±0.003% of FSR for a full- 
scale range change for two output load conditions: one 
for ion to lOOn and one for lOOOH. 

COMPLIANCE VOLTAGE 

Compliance voltage applies only to current output mod- 
els. It is the maximum voltage swing allowed on the 
output while maintaining specified accuracy. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive supply (+Vcc), negative supply (—Vcc) 
or logic supply (Vdd) about the nominal power supply 
voltages (see Figure 2). 

REFERENCE SUPPLY 

All models have an internal +6.3V reference voltage 
derived from an on-chip buried-zener diode. This refer- 
ence voltage, available at pin 24, has a tolerance of ±5%. 
A minimum of 1.5mA is available for external loads. 
Gain and Zero adjustments should be made under con- 
stant load conditions. 

If a varying load is to be driven by the reference supply, 
an external buffer amplifier is recommended to drive the 
load in order to isolate the bipolar offset (connected 
internally to the reference) from load variations. 
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FIGURE 1. Final-Value Error Band Versus Full-Scale 
Range Settling Time. 
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FIGURE 2. Power Supply Rejection Versus Power 
Supply Ripple Frequency. 

OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. The l/xF tantalum capaci- 
tors should be located close to the D/A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external 
zero and gain potentiometers. Connect these potenti- 
ometers as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
be 100ppm/°C or less. The 3.9Mn and 270kn resistors 
(±20% carbon or better) should be located close to the 
D/A converter to prevent noise pickup. If it is not con- 
venient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure 3, may be substituted in 



place of the 3.9Mn part. A O.OOljuF to 0.01/uF ceramic 
capacitor should be connected (even if GAIN ADJUST 
is not used) from GAIN ADJUST (pin 22) to COM- 
MON to prevent noise pickup. Refer to Figure 4 for the 
relationship of zero and gain adjustments. 

Zero Adjustment 

Apply the digital input code (7FFFh) that produces zero 
output voltage or current. See Table II for corresponding 
codes and the Connection Diagram for zero adjustment 
circuit connections. Zero calibration should be made 
before Gain calibration. 
Gain Adjustment 

Apply the digital input code (OOOOh) that gives the max- 
imum positive output voltage or current. Adjust the gain 
potentiometer for this positive full-scale voltage or cur- 
rent. See Table II for positive full-scale values and the 
Connection Diagram for gain adjustment circuit connec- 
tions. 




FIGURE 3. Equivalent Resistances. 



1LSB 



INPUT = FFFF, 



^— fi — HH- 
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RANGE OF 
GAIN ADJUST 



+FULL 



I SCALE ^// 



£l 



y;^^ GAIN 

.Oy ADJUST 
^ ROTATES 

THE LINE 



I I ^ v- 



^ 



OOOOh 



MSB ON, ALL 
OTHERS OFF 7FFFh 



-FULL SCALE 



kL 



ZERO 
ADJUST 
TRANSLATES 
THE LINE 
RANGE OF 
ZERO ADJUST 



DIGITAL INPUT 



FIGURE 4. Relationship of Zero and Gain 
Adjustments. 
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TABLE II. Digital Input and Analog Output Relationships. 



Digital 

Input 

Code 


Analog Output | 


DAC710 Current Output 


DAC711 Voltage Output | 


16-blt 


15-bit 


14-bit 


Units 


16-bit 


15-bit 


14-bit 


Units 


1LSB 
OOOOh 
7FFFh 
FFFFh 


0.031 
-0 99997 
0.00000 
+1 00000 


061 
-0 99994 
00000 
+1 00000 


0.122 
-0.99988 
0.00000 
+1.00000 


mA 
mA 
mA 


305 
+9.99960 
00000 
-10 0000 


610 
+9.99939 
00000 
-10 0000 


1224 
+9.99878 
00000 
-10.0000 


V 
V 
V 



INSTALLATION 
CONSIDERATIONS 

Due to the extremely high resolution and linearity of the 
D/ A converter, system design problems such as grounding 
and contact resistance become very important. For a 16-bit 
converter with a +10V full-scale range, ILSB is 153/xV. 
With a load current of 5mA, series wiring and connector 
resistance of only SOmH will cause the output to be in error 
by ILSB. To understand what this means in terms of a 
system layout, the resistance of #23 wire is about 0.0210/ ft. 
Ignoring contact resistance, less than six inches of wire 
will produce a ILSB error in the analog output voltage! 
In Figures 5, 6, and 7, lead and contact resistances are 
represented by Ri through R5. As long as the load resis- 
tance (Rl) is constant, R2 simply introduces a gain error 
and can be removed during initial calibration. R3 is part of 
Rl, if the output voltage is sensed at COMMON (pin 20), 
and therefore introduces no error. If Rl is variable, then R2 
should be less than RLmm/2'^ to reduce voltage drops due 
to wiring to less than ILSB. For example, if RLmm is 5kn, 
then R2 should be less than 0.080. Rl should be located as 
close as possible to the D/A converter for optimum per- 
formance. The effect of R4 is negligible. 
In many applications it is impractical to sense the output 
voltage at pin 20. Sensing the output voltage at the system 
ground point is permissible with the DAC710/711 
because the D/A converter is designed to have a constant 
return current of approximatley 2mA flowing from pin 20. 
The variation in this current is under 20/xA (with changing 
input codes), therefore R4 can be as large as 30 without 
adversely affecting the linearity of the D/A converter. The 
voltage drop across R4 (R4 X 2mA) appears as a zero error 
and can be removed with the zero calibration adjustment. 
This alternate sensing point (the system ground point) is 
shown in Figures 5, 6, and 7. 

Figures 6 and 7 show two methods of connecting the cur- 
rent output model (DAC710KH) with external precision 
output operational amplifiers. By sensing the output volt- 
age at the load resistor (i.e., by connecting Rf to the output 
of Ai at Rl), the effect of Ri and R2 is greatly reduced. Ri 
will cause a gain error but is independent of the value of Rl 
and can be eliminated by initial calibration adjustments. 
The effect of R2 is negligible because it is inside the feed- 
back loop of the output op amp and is therefore greatly 
reduced by the loop gain. If the output cannot be sensed at 
COMMON (pin 20), or the system ground point as men- 
tioned above, then the differential output circuit shown in 
Figure 7 is recommended. In this circuit the output voltage 
is sensed at the load common and not at the D/A converter 
common as in the previous circuits. The value of Re and R7 



DAC711 




TO PIN 23- 



TO PIN 19- 



TO PIN 18- 



^ 



1//F 



±15VDC 
SUPPLY 



SYSTEM GROUND POINT 
+V 



COM 



+5V0C 
SUPPLY 



FIGURE 5. Output Circuit for DAC711. 



MOkQ 



ALTERNATE GROUNO R4 
SENSE CONNECTION -^ 
TO PIN 23-^ 



^£ 



u 



TO PIN 19 



^-^^ 



W 




TO PIN 18- 



^7^ 1//F 



SYSTEM GROUND POINT 

+V 



COM 



+5VDC 
SUPPLY 



FIGURE 6. Preferred External Op Amp Configuration 
for DAC710. 

must be adjusted for maximum common-mode rejection at 
Rl. Note that if R3 is negligible, the circuit of Figure 7 can 
be reduced to the one shown in Figure 6. Again, the effect 
of R4 is negligible. 
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DAC710 




SENSE 
R, OUTPUT 

AAA 



2.45kQ 



ALTERNATE GROUND R4 
SENSE CONNECTION ^ 
TO PIN 23-^ 



TO PIN 19- ^ 







1//F 



Vm, 



\ 



Rs + R7 = Rf + Ri 



SYSTEM GROUND POINT 



COM 



+5VDC 
SUPPLY 



FIGURE 7. Differential Sensing Output Op Amp Con- 
figuration for DAC710. 

The D/A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EMI. The key concept in elimination 
of RF radiation pickup is small loop area. If a signal lead 
and its return conductor are wired close together, they 
present a small flux-capture cross section for external 
fields. 

APPLICATIONS 

DRIVING AN EXTERNAL OP AMP WITH 
CURRENT OUTPUT D/A'S 

DAC710KH is a current output device and will drive the 
summing junction of an op amp to produce an output 
voltage as shown in Figure 8. Use of the internal feed- 
back resistor (pin 17) is required to obtain specified gain 
accuracy and low gain drift. 

DAC710KH can be scaled for any desired voltage range 
with an external feedback resistor at the expense of 
increased drift with temperature. The resistors in the 
DAC710KH ratio track to ±Ippm/°C but their absolute 
TCR may be as high as ±50ppm/°C. 
An alternative method of scaling the output voltage of 
the D/A converter and preserving the low gain drift is 
shown in Figure 9. 

OUTPUTS LARGER THAN 20V RANGE 

For output voltage ranges larger than ±10V, a high volt- 
age op amp may be employed with an external feedback 
resistor. Use an Iout value of ±lmA to calculate the out- 
put voltage range (see Figure 10). Use protection diodes 
as shown when a high voltage op amp is used. 




FIGURE 8. External Op Amp Using Internal Feed- 
back Resistors (DAC710). 
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0-lmA 
TO ; 
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FIGURE 9. External Op Amp Using Internal and 

External Feedback Resistors to Maintain 
Low Gain Drift (DAC710). 




FIGURE 10. External Op Amp Using External Feed- 
back Resistors (DAC710). 



BURN-IN SCREENING 

Burn-in screening is an option available for the entire 
DAC7I1 family of products. Burn-in duration is 160 
hours at 85° C (or equivalent combination of time and 
temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 
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BURR-BROWN® 




DAC725 



''W^ 



Dual 16-Bit 
DIGITAL-TO-ANALOG CONVERTER 



FEATURES 



• COMPLETE DUAL Vout DAC 

t DOUBLE-BUFFERED INPUT REGISTER 

• HIGH-SPEED DATA INPUT (Serial or Parallel) 

• HIGH ACCURACY (±0.003% Linearity Error) 

• M-BIT IVIONOTONiCITY OVER TEMPERATURE 

• PLASTIC AND CERAMIC PACKAGES 

• CLEAR INPUT TO SET ZERO OUTPUT 



DESCRIPTION 

The DAC725 is a dual 16-bit DAC, complete with 
internal reference and output op amps. The DAC725 



is designed to interface to an 8-bit microprocessor 
bus. The hybrid construction minimizes the digital 
feedthrough typically associated with products that 
combine the digital bus interface circuitry with high- 
accuracy analog circuitry. 

The 16-bit data word is loaded into either of the 
DACs in two 8-bit bytes per 16-bit word. The 
versatility of the control lines allow the data word to 
be directed to either DAC, in any order. The 
voltage-out DACs are dedicated to a bipolar output 
voltage of ±10V. The output is immediately set to 
OV when the Clear command is given. This feature, 
combined with the bus interfacing and complete 
DAC circuitry, makes the DAC725 ideal for auto- 
matic test equipment, power control, servo systems, 
and robotics applications. 
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SPECIFICATIONS 



ELECTRICAL 

At Ta = +25°C, Vcc = ilSV, Vdd = +5V, and after a 10-minute warm-up unless otherwise noted 



MODEL 


DAC725JP, AH 


DAC725KP, BH 


UNITS 


PARAMETER 


MIN 


TYP 


MAX 


MIN 1 TYP 


MAX 


INPUT 1 


DIGITAL INPUT 
















Resolution 






16 






* 


Bits 


Bipolar Input Code 


Binary Twos Complement 




* 






Logic Levels'^' Vih 


+2 




+5 5 


* 




* 


V 


V,L 


-10 




+0 8 


* 




* 


V 


l,H (V, = +2 7V) 






1 






* 


/iA 


l,L (Vi = +0 4V) 






1 






* 


//A 


TRANSFER CHARACTERISTICS | 


ACCURACY 
















Lineanty Error 




+0 003 


+0 006 




±0 0015 


±0 003 


% of FSR'^' 


Differential Linearity Error'^' 




+0 0045 


±0 012 




±0 003 


±0 006 


% of FSR 


at Bipolar Zero"" 










±0 003 


±0 006 


% of FSR 


Gam Error'^' 




+0 07 


±0 2 




* 


±0 15 


% 


Bipolar Zero Error'^' 




+0 05 


±0 1 




* 


* 


% of FSR 


Monotonicity Over Temperature Range 


13 






14 






Bits 


Power Supply Sensitivity +Vcc 




+0 0015 


±0 006 




* 


* 


% of FSR/%Vcc 


Vdd 




+0 0001 


±0 001 




* 


* 


% of FSR/%Vdd 


DRIFT (Over Spec Temp Range) 
















Gam Drift 
















DAC725JP, KP 




+10 






* 




ppm/°C 


DAC725AH, BH 




+10 


+25 




♦ 


+15 


ppm/°C 


Bipolar Zero Drift 
















DAC725JP, KP 




+5 






* 




ppm of FSR/°C 


DAC725AH. BH 




+5 


±15 




* 


±10 


ppm of FSR/°C 


Differential Linearity Error Over Temp'^' 






±0 012 






+0OO9 
-0OO6 


% of FSR 
% of FSR 


Linearity Error Over Temp'^' 






±0 012 






±0 006 


% of FSR 


SETTLING TIME (to ±0 003% of FSR)'^' 
















20V Step (2kn load) 




4 






* 


8 


flS 


1LSB Step at Worst-Case Code'^' 




25 






* 


4 


fJS 


Slew Rate 




10 






* 




V//iS 


OUTPUT 1 


Output Voltage Range'®' 


±10 






* 






V 


Output Current 


±5 






* 






mA 


Output Impedance 




015 






* 







Short Circuit to Common Duration 




Indefinite 






* 






POWER SUPPLY REQUIREMENTS | 


Voltage +Vcc 


+114 


+15 


+16 5 


* 






V 


-Vcc 


-11 4 


-15 


-16 5 


* 






V 


Vdd 


+4 5 


+5 


+5 5 


* 






V 


Current (No load, +15V supplies) +Vcc 




+29 


+35 








mA 


-Vcc 




-35 


-40 








mA 


Vdd 




+6 


+10 








mA 


Power Dissipation (+15V supplies) 




920 


1175 








mW 


TEMPERATURE RANGE | 


Specification 
















DAC725JP, KP 







+70 


* 




* 


°C 


DAC725AH, BH 


-25 




+85 


* 




* 


X 


Storage 


-60 




+150 


* 




* 


°C 



lO 
CM 
h- 
O 

< 

o 



* Specification same as DAC725JP/AH except where listed separately 

NOTES (1) Digital inputs are TTL, LSTTL, 54/74C, 54/74HC and 54/74HTC compatible over the specification temperature range (2) FSR means 
Full-Scale Range For example, for ±10V output, FSR = 20V (3) +0 0015% of FSR is equal to 1 LSB in 16-bit resolution ±0 003% of FSR is equal to 1 LSB in 
15-bit resolution ±0 006% of FSR is equal to 1LSB m 14-bit resolution (4) Error at input code OOOOh (BTC) (5) Adjustable to zero with external trim 
potentiometer Adjusting the gam potentiometer rotates the transfer function around the bipolar zero point (6) Maximum represents the 3a- limit Not 
tested for this parameter (7) The bipolar worst-case code change is FFFFh to OOOOh (BTC) (8) Minimum supply voltage for ±10V output swing is 
approximately ±13V Output swing for ±12V supplies is at least ±9V 
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MECHANICAL 

P Package - 28-pln Plastic DIP 



.. A -• 




) o o 


il 

B 



P,n 1.^'^''^'^"^"^'^''^'^'^^^ 




4 



wt 




NOTE Leads in true position 
within 010" (0 25mm) R 
at MMC at seating plane 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


1 440 


1500 


36 58 


3810 


B 


475 


520 


12 07 


13 21 


C 


0170 


225 


4 32 


5 72 


D 


016 


024 


41 


61 


F 


047 


065 


120 


165 


G 


100 BASIC 


2 54 BASIC 


H 


050 


0100 


127 


2 54 


J 


008 


014 


20 


36 


K 


0130 


0154 


3 30 


3 91 


L 


600 BASIC 


15 24 BASIC 


M 


0°C 


15°C 


0«C 


15°C 


N 


020 


024 


51 


61 



H Package - 28-pin Ceramic 





A 






28 




15 




) 

1 




14 


B 




NOTE Leads in true position 
within 010" ( 25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers are not marked 
on package 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1386 


1465 


35 20 


37 21 


B 


610 BASIC 


15 49 BASIC 1 


C 


160 


205 


4 06 


5 21 


D 


015 


019 


38 


48 


F 


045 


055 


1 14 


140 


G 


100 BASIC 


2 54 BASIC 1 


H 


035 


095 


89 


2 41 


J 


009 


012 


23 


30 


K 


155 


195 


3 94 


4 05 


L 


600 BASIC 


15 42 BASIC 


N 


020 1 060 


51 1 152 



CONNECTION DIAGRAM 




VouT (B) 



Pin 


Designator 


Description 


1 


CLR 


Clear line Sets the D/A registec to 
0000 (hex), which gives bipolar 
zero on the D/A output 


2 


Vdd 


Logic supply (+5V) 


3 


A2 


Latch enable for D/A latch 






(active low) 


4 


Ao 


Latch enable for "low byte" input 
(active low) 


5 


Ai 


Latch enable for "high byte" input 
(active low) 


6 


Dy (Dis) 


Input for data bit 7 if enabling low 
byte (LB) latch, or data bit 15 
if enabling the high byte 
(HB) latch 


7 


De (D,4) 


Input for data bit 6 if enabling LB 
latch, or data bit 14 if enabling 
HB latch 


8 


Ds (Di3) 


Data bit 5 (LB) or data bit 13 (HB) 


9 


D4 (D12) 


Data bit 4 (LB) or data bit 12 (HB) 


10 


D3(Dii) 


Data bit 3 (LB) or data bit 11 (HB) 


11 


D2 (D10) 


Data bit 2 (LB) or data bit 10 (HB) 


12 


Di (D9) 


Data bit 1 (LB) or data bit 9 (HB) 


13 


Do (Ds) 


Data bit (LB) or data bit 8 (HB). 


.14 


DOOM 


Digital common 


15 


VouT (B) 


Voltage output for DAC B 


16 


ACOM (B) 


Analog common for DAC B 


17 


SJ(B) 


Summing junction of the internal 
op amp for DAC B 


18 


GA(B) 


Gain adjust pin for DAC B 


19 


WR(B) 


Write control line for DAC B 


20 


CS(B) 


Chip select control line for DAC B 


21 


+Vcc 


Positive supply voltage (+15V) 


22 


-Vcc 


Negative supply voltage (-15V) 


23 


OS (A) 


Chip select control line for DAC A 


24 


WR(A) 


Write control line for DAC A 


25 


VouT (A) 


Voltage output for DAC A 


26 


ACOM (A) 


Analog common for DAC A 


27 


SJ(A) 


Summing junction of the internal 
op amp for DAC A 


28 


GA(A) 


Gain adjust pin for DAC A 
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ABSOLUTE MAXIMUM RATINGS 



Vdd to COMMON OV, +15V 

+Vcc to COMMON OV, +18V 

-Vcc to COMMON OV, -18V 

Digital Data Inputs to COMMON -0 5V, Vdd +0 5 

DC Current any Input ±10mA 

Reference Out to COMMON Indefinite Short to COMMON 

VouT Indefinite Short to COMMON 

External Voltage Applied to Rf ±18V 

External Voltage Applied to D/A Output ±5V 

Power Dissipation 2000mW 

Storage Temperature -60°C to +150°C 

Lead Temperature (soldering, 10s) 300°C 

NOTE These devices are sensitive to electrostatic discharge Appro- 
priate I C handling procedures should be followed 
Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device Exposure to absolute maximum 
conditions for extended periods may affect device reliability 



ORDERING INFORMATION 



Model 


Package 


Temperature 
Range 


DAC725JP 
DAC725KP 
DAC725AH 
DAC725BH 


Plastic DIP 

Plastic DIP 

Ceramic 

Ceramic 


0°Cto+70°C 
0°Cto+70°C 
-25°Cto+85°C 
-25°Cto+85°C 


BURN-IN SCREENING OPTION 

See text for details 


Model 


Package 


Burn-In Temp. 
(160h)"' 


DAC725JP-BI 
DAC725KP-BI 
DAC725AH-BI 
DAC725BH-BI 


Plastic DIP 

Plastic DIP 

Ceramic 

Ceramic 


+70° C 
+70° C 
+85° C 
+85° C 



NOTE. (1) Or equivalent combination See text 

DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC725 accepts positive-true binary twos comple- 
ment input code, as shown in Table I. The data is loaded 
into either DAC, 8 bits at a time. The data may also be 
clocked into the device in a serial format. 

TABLE I. Digital Input Codes. 



Digital Input Codes 


Analog Output 


Binary Twos Complement 
(Bipolar Operation, All Models) 


7FFFh 
OOOOh 
FFFFh 
8000h 


+ Full Scale 

Zero 

-1LSB 

- Full Scale 



ACCURACY 
Linearity 

This specification describes one of the most important 
measures of performance of a D/A converter. Linearity 
error is the deviation of the analog output from a 
straight line drawn through the end points (minus full- 
scale point and plus full-scale point). 



Differential Linearity Error 

Differential Linearity Error (DLE) of a D/A converter is 
the deviation from an ideal ILSB change in the output 
when the input changes from one adjacent code to 
the next. A differential linearity error specification of 
+ 1/2LSB means that the output step size can be between 
1/2LSB and 3/2LSB when the input changes between 
adjacent codes. A negative DLE specification of —ILSB 
maximum (—0.006% for 14-bit resolution) insures mon- 
otonicity. 

Monotonicity 

Monotonicity assures that the analog output will increase 
or remain the same for increasing input digital codes. 
The DAC725 is specified to be monotonic to 14 bits over 
the entire specification range. 

BURN-IN SCREENING 

Burn-in screening is an option available for both the 
plastic and ceramic packaged DAC725. Burn-in duration 
is 160 hours at the temperatures listed below, or at an 
equivalent combination of time and temperature 
according to the Arrhenius equation using leV activation 
energy. 

Plastic "-BL'models: +70°C 
Ceramic "-BI" models: +85° C 

In order to limit the juction temperature of the internal 
semiconductor devices below the Absolute Maximum 
Rating, the burn-in temperatures should be as shown. 
All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 
DRIFT 
Gain Drift 

Gain drift is a measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per degree centigrade (ppm/°C). Gain drift is 
estabHshed by: 

(1) testing the end point differences at tMiN, +25°C 
and tMAx, 

(2) calculating the gain error with respect to the +25°C 
value, and 

(3) dividing by the temperature change. 

The DAC725 is specified for Maximum Gain and Offset 
values at temperature. This tells the system designer the 
maximum that can be expected over temperature, 
regardless of room temperature values. 

Zero Drift 

Zero drift is a measure of change in the output with 
OOOOh applied to the D/A converter inputs over the 
specified temperature range. This code corresponds to 
zero volts analog output. 

The maximum change in offset at tMiw or tMAx is 
referenced to the zero error at +25°C and is divided by 
the temperature change. This drift is expressed in FSR/°C. 
SETTLING TIME 

Settling time of the D/A is the total time required for the 
analog output to settle within an error band around its 
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1 10 

Settling Time (fjs) 



FIGURE 1. Final-Value Error Band Versus Full-Scale 
Range Settling Time. 

final value after a change in digital input. Refer to Figure 
1 for typical values for this family of products. 

Settling times are specified to ±0.003% of FSR (+1/2LSB 
for 14 bits) for two input conditions: a full-scale range 
change of 20V (±10V), and a ILSB change at the "major 
carry," the point at which the worst-case settling time 
occurs. This is the worst-case point since all of the input 
bits change when going from one code to the next. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/ A converter 
output. It is defined as a percent of FSR change in the 
output per percent of change in either the positive supply 
(H-Vcc), negative supply (— Vcc) or logic supply (Vdd) 
about the nominal power supply voltages (see Figure 2). 
It is specified for DC or low frequency changes. The 
typical performance curve in Figure 2 shows the effect of 
high frequency changes in power supply voltages. 

OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. 1 /xF to IOjjlF tantalum capacitors 
should be located close to the D/A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external 
zero and gain potentiometers. Connect these potentio- 
meters as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
be 100ppm/°C or less. The 3.9Mn and 270kn resistors 
(+20% carbon or better) should be located close to the 
D/A converter to prevent noise pickup. If it is not 
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FIGURE 2. Power Supply Rejection Versus Power 
Supply Ripple Frequency. 

convenient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure 3, may be substituted in 
place of the 3.9Mn resistor. A O.OOl/xF to 0.01/uF low- 
leakage film capacitor should be connected from Gain 
Adjust to Analog Common to prevent noise pickup. 
Refer to Figure 4 for relationship of Offset and Gain 
adjustments. 



-o = o- 



180kO 



I 



FIGURE 3. Equivalent Resistances. 
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;^ 
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Range and 
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FIGURE 4. Relationship of Zero and Gain Adjustments 
for the DAC725. 
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Zero Adjustment 

By loading the code OOOOh, the DAC will force zero 
volts. Offset is adjusted by using the circ uit o f Figure 5. 
An alternate method would be to use the CLR control to 
set the DAC to zero voUs. Zero calibration should be 
made before gain calibration. 

Gain Adjustment 

To adjust the gain of the DAC725, set the DAC to 
7FFFh for both DACs. Adjust the gain of each DAC to 
obtain the full scale voltage of -l-9. 99969V as shown in 
Table II. 

TABLE II. Digital Input and Analog Output Voltages. 



Digital 

Input 

Code 


Bipolar, ±10V 


Units 


16 Bits 


15 Bits 


14 Bits 


One LSB 

7FFFh 

8000h 


305 
+9 99969 
-10 0000 


610 
+9 99939 
-10 0000 


1224 
+9 99878 
-10 0000 


V 
V 



from the data bus to the input latch or from the input 
latch to the DAC latch, of DAC A, DAC B, or both. 

The latch enable lines control which latch is being 
loaded. Line Ai in combination with WR and CS enables 
the high byte of the DAC channel to be latched through 
the byte latch. The Ao line in conjunction with the WR 
and CS, latches the data for the low byte. When A2, CS, 
WR are low at the same time, the data is latched through 
the D/A latch and the DAC changes output voltage. 
Each latch may be made transparent by maintaining its 
enable signal at logic "0". 

The serial data mode is activated when both the Ao and 
A) are at logic low simultaneously. The data (MSB first) 
is clocked in to pin 13 with clock pulses on the WR pin. 
The data is then latched through to the DAC as a 
complete 16-bit word selected by A2. 

TABLE III. Truth Table of Data Transfers. 



INTERFACE LOGIC AND TIMING 

The control l ogic functi ons a re chip select (CS[A] or 
CS[B]), write (WR[A] or WR[B]), latch enable (A^, AT, 
A2), and clear (CLR). These pins provide the control 
functions for the microprocessor interface. There is a 
write and a chip select for both DAC A and for DAC B 
channels. This allows the 8-bit data word to be latched 



Ao 


Ai 


A2 


WR(A) 


CS(A) 




1 
1 
1 



X 
X 


1 


1 
1 

X 
X 




1 


1 


1 

X 
X 








1 

1 










1 



1 


DAC latch enabled, Channel A 
Input latch high byte enabled, Channel A 
High byte flows through to DAC, Channel A 
Low byte latched from data bus, Channel A 
Low byte flows through to DAC, Channel A 
Senal input mode for byte latches 
No data is latched 
No data is latched 


"1" or "0" indicates TTL Logic Level Channel A shown | 
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FIGURE 5. Connections for Gain and Offset Adjust. 
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The CLR line resets both input latches to all zeros and 
sets the DAC latch to OOOOh. This is the binary code that 
gives a null, or zero, at the output of the DAC. 
The maximum clock rate of the latches is lOMHz. The 
minimum time between the write (WR) pulses for 
successive enables is 20ns. In the serial input mode, the 
maximum rate at which data can be clocked into the 
input shift register is lOMHz. The timing of the control 
signals is given in Figure 6. 



INSTALLATION 
CONSIDERATIONS 

Because of the extremely high accuracy of the D/A 
converter, system design problems such as grounding 
and contact resistance become very important. For a 
16-bit converter with a +10V full-scale range, ILSB is 
I53/uV. With a load current of 5mA, series wiring and 
connector resistance of only 30mn will cause the output 
to be in error by ILSB. To understand what this means in 
terms of a system layout, the resistance of typical 1 ounce 
copper-clad printed circuit board material is approxi- 
mately I/2mn per square. In the example above, a 10 
milliinch-wide conductor 60 milliinches long would cause 
a ILSB error in R2 and R3 of Figure 7. 
In Figure 7, lead and contact resistances are represented 
as R2 through R6. As long as the load resistance (Rl) 
remains constant, the resistances R2 and R3 will appear 



Logic Timing— Parallel or Serial Data Input 







Over Temperature 


ns, mm 


ns, max 


tow 
tew 

tAW 

twp 

toH 


Data valid to end of WR 

CS valid_to end of WR 

Ao, Ai, A2 valid to end of WR 

Write pulse width 

Data hold after end of WR 


80 
80 
80 
80 






Timing Diagram 
CS 



V 



\. 



^ tow —m\ 



/■ 
/^ 



^c 



\*- twP •*| 



toH ». L 



FIGURE 6. Logic Timing Diagram. 

as gain errors when the output is sensed across the load. 
If the output is sensed at the DAC725 output terminal 
and the system analog common, R2 and R3 appear in 
series with Rl. R4 has a current through it that varies by 
only 1% of the nominal 2mA current for all code 
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Vdd Supply 



±Vcc Supply 



-Vcc 



FIGURE 7. System Wiring Example. 
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combinations. This IR drop causes an offset error, and is 
calibrated out as an offset error. 

The current through the digital common varies directly 
with the digital code that is loaded into the DAC. The 
current is not the same for each code. If this IR drop is 
allowed to modulate the analog common, there may be 
code-dependent errors in the analog output. 
The IR drop across R6 may cause accuracy problems if 
the analog commons of several circuits are "daisey 
chained" along the power supply analog common. All 
analog sense lines should be referenced to the system 
analog common. 



APPLICATIONS 

WAVEFORM GENERATION 

The DAC725 has attributes that make it ideal for very 
low distortion waveform synthesis. Due to special design 
techniques, the feedthrough energy is much lower than 
that found in other D/A converters available today. In 



addition to the low feedthrough glitch energy, the input 
logic will operate with data rates of lOMHz. This makes 
the DAC725 ideal for waveform synthesis. 

PROGRAMMABLE POWER SUPPLIES 

The DAC725 is an excellent choice for programmable 
power supply applications. The DAC outputs may be 
programmed to track or oppose each other. If the load is 
floating, and can be driven differentially, the dynamic 
range will be 17 bits, because the full-scal e ran ge doubles 
for the same sized LSB. The clear line (CLR) sets both 
DAC outputs to zero, and would be used at p ower-up to 
bring the system up in a safe state. The CLR line could 
also be used if an over-power state is sensed. 

ISOLATION 

The DAC725 has the ability to accept serial input data, 
which means that only six optoisolators are needed for 
two DACs. The data is clocked into the input latch using 
the WR pin. TheJ6-bit data word_is latched into the 
DAC selected by A:. When Ao and Ai are simultaneously 
low, the serial mode is enabled. 
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Ultra-High Resolution 
18-BIT DIGITAL-TO-ANALOG CONVERTER 



FEATURES 

• 16-BIT LINEARITY GUARANTEED (K GRADE) 

• USER ADJUSTABLE TO 18-BIT LINEARITY 

• PRECISION INTERNAL REFERENCE 

• FAST SETTLING, LOW NOISE INTERNAL OP AMP 

• LOW DRIFT 

• HERMETIC 40-PIN CERAMIC PACKAGE 

• louT OR VouT OPERATION 

DESCRIPTION 

The DAC729 sets the standard in very high accuracy 
digital-to-analog conversion. It is supplied from the 
factory at a guaranteed linearity of 16 bits, and is user- 
adjustable to 18-bit linearity (ILSB = FSR/ 262144). 

To attain this high level of accuracy, the design takes 
advantage of Burr-Brown's thin-film monolithic DAC 
process, dielectric op amp process, hybrid capabil- 
ities, and advanced test and laser-trim techniques. 
The DAC729 hybrid layout is specifically partitioned 
to minimize the effects of external load-current- 
induced thermal errors. The op amp design consists 
of a fast settling precision op amp with a current 
buffer within the feedback loop. This buffer isolates 
the load from the precision op amp, which results in 
a fast settling (8)us to 16 bits) output. The standard 
40-pin package offers full hermeticity, contributing 
to the excellent reliability of the DAC729. 
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SPECIFICATIONS 



ELECTRICAL 

Ta = +25°C. Vcc = ±15V. Vdd = 



+5V, using internal reference op amp, unless otherwise noted COB = ±10V FSR, CSB = OV to +10V FSR, 30 minute warm-up. 



PARAMETER 


DAC729JH 


DAC729KH 


UNITS 


MIN 1 TYP 


MAX 


MIN 1 TYP 


MAX 


INPUT 1 


DIGITAL INPUT 
















Resolution 




18 






♦ 




Bits 


Digital Inputs"': Vih 


+2 4 




+Vl 


* 




* 


V 


V,L 







+0 8 


* 




* 


V 


l,H. V,N = +2.7V 






+5 








/iA 


l,L, V,N = +0 4V 






-300 






* 


//A 


TRANSFER CHARACTERISTICS'^' | 


ACCURACY 
















Linearity Error'^' 






±0 0015 






±0 00076 


% of FSR"" 


Differential Linearity Error 






±0 003 






±0 0015 


% of FSR 


Gam Error '^' 




±0 05 


±010 




* 


* 


% 


Offset Error'^' Voltage, COB'^' 




±5 


±10 




* 


* 


mV 


CSB'^' 




±3 


±5 




* 


* 


mV 


Current, COB 






±5 






* 


/iA 


CSB 






±1 






* 


/wA 


Power Supply Sensitivity, Unipolar ±15VDC 




±0 0001 


±0 0005 




* 


* 


% of FSR/%Vs 


+5VDC 




±0 0001 


±0 0005 




* 


* 


% of FSR/%Vs 


Bipolar Offset. ±15VDC 




±0 0004 


±0 0015 




* 


* 


% of FSR/%Vs 


+5VDC 




±0 0001 


±0.0005 




* 


* 


% of FSR/%Vs 


Bipolar Gam ±15VDC 




±0 0005 


±0 0015 




* 


* 


% of FSR/%Vs 


+5VDC 




±0 0001 


±0 0005 




* 


* 


% of FSR/%Vs 


Output Noise (10Hz to 100kHz), Voltage Bipolar Offset 




29 






* 




yuVrms 


Bipolar Gam 




37 






* 




//Vrms 


Current- Bipolar Offset 




29 






* 




nArms 


Bipolar Gam 




3.0 






* 




nArms 


Monotonicity (0°C to +70°C) 


15 


16 




16 


17 




Bits 


Differential Linearity Adjustment Resolution'^' 




18 






* 




Bits 


DRIFT (Over Specification Temperature Range) 
















Gam Drift (Excluding Reference Drift) 




±3 


±5 




* 


* 


ppm/°C 


Offset Drift (Excluding Reference Drift) COB (Bipolar) 




±2 


±5 




* 


* 


ppm of FSR/X 


CSB (Unipolar) 




±2 


±3 




* 


* 


ppm of FSR/°C 


Linearity Error (at 0°C and +70°C) 




±0.3 


±1 




±0 3 


±0 5 


ppm of FSR/°C 


Differential Linearity Error (at 0°C and +70°C) 




±0.5 


±2 




±0 5 


±1 


ppm of FSR/°C 


STABILITY, LONG TERM (at +25°C) 
















Gam (Exclusive of Reference) 




±5 






±5 




ppm/IOOOhr 


Offset: COB (Exclusive of Reference) 




±5 






±5 




ppm of FSR/IOOOhr 


CSB 




±5 






±5 




ppm of FSR/IOOOhr 


Linearity 




±2 






±2 




ppm of FSR/IOOOhr 


Reference 




±5 






±5 




ppm/IOOOhr 


OUTPUT 1 


VOLTAGE OUTPUT MODE 


1 












Ranges COB 


±2.5, ±5, ±1 







* 




V 


CSB 


to +10, to 


+5 




* 




V 


Output Current 


±5 1 




* 






mA 


Output Impedance 


1 015 






* 




o 


Short Circuit Duration 


Indefinite to Con 


imon 


Indefinite to Co 


Timon 




CURRENT OUTPUT MODE 
















COB Ranges 




±10 






*' 




mA 


Output Impedance 




2 86 






* 




kfi 


CSB Ranges 




Oto-2 






* 




mA 


Output Impedance 




4.0 






* 




kQ 


Output Current Tolerance 






±01 






* 


% of FSR 


Compliance Voltage 




-1 to +5 






* 




V 


SETTLING TIME (To ±0 00076% of FSR)''' 
















Voltage (Load = 2kQ || 100pF) Full-Scale Step 




5 


8 




* 


* 


/JS 


1LSB Step (Major Carry)""' 




4 


7 




* 


* 


fJS 


Slew Rate 




20 






* 




V//iS 


Switching Transient Peak 




500 






* 




mV 


Switching Transient Energy 




0.45 






* 




V-//S 


Current Full-Scale Step (2mA X 100 || 1pF) 




300 






* 




ns 


REFERENCE 
















Output (pin 32): Voltage 


+9.990 


+10.000 


+10.010 


* 


« 


« 


V 


Source Current'"' 






+4 






* 


mA 


Temperature Coefficient 




±2 


±4 




* 


* 


ppm/°C 


Short-Circuit Duration 


Indefinite to Con 


nmon 


Indefinite to Co 


mmon 




Power Supply Sensitivity 


0.00025 


0.003 


1 • 


* 


%/V 



a> 

CM 

O 

< 
Q 
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ELECTRICAL (CONT) 



PARAMETER 


DAC729JH 


DAC729KH 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


POWER SUPPLY REQUIREMENTS | 


Voltage 4-Vcc 


+13 5 


+15 


+16 5 


* 






V 


-Vcc 


-16 5 


-15 


-13 5 


* 






V 


VOD 


+4 75 


+5 


+5 25 


* 






V 


Current +Vcc 




+30 


+40 








mA 


-Vcc 




-45 


-60 








mA 


Vdd 




+18 


+25 








mA 


Power Dissipation (Rated Supplies) 




122 


163 








W 


ENVIRONMENTAL SPECIFICATIONS | 


Temperature Range Specification 







+70 


* 




* 


°C 


Storage 


-60 




+150 


* 




* 


°c 



♦Specification same as DAC729JH 

NOTES (1 ) TIL and CMOS compatible (2) Specified for Vout mode using the internal op amp (3) +0 00076% of full-scale range is 1/2LSB for 16-bit 
resolution (4) FSR means full-scale range, 20V for +10V range, etc (5) Adjustable to zero error with an external potentiometer (6) COB is 
complementary offset binary (bipolar), CSB is complementary straight binary (unipolar) (7) Using the MSB adjustment circuit, the user may improve the 
DAC linearity to 1/2LSB of this specification (8) With gam and offset errors adjusted to zero at 25°C (9) Maximum represents 3 sigma limit, not 100% 
production tested (10) At the major carry, 20000 to 1FFFF Hex and from 1FFFF to 20000 Hex (11) Maximum with no degradation in specifications 
External loads must be constant 



ABSOLUTE MAXIMUM RATINGS 



MECHANICAL 



Vdd to Common OV to +7V 

+Vcc to Common OV to +18V 

-Vcc to Common OV to -18V 

Digital Data Inputs (pins 1-18) to Common -0 5V to Vdd 

Reference Voltage In (Pin 31) +9V to +11V 

Reference Out (pin 32) to Common — Indefinite Short to Common 

External Voltage Applied to D/A Output (pin 29) -5V to +5V 

External Voltage Applied to Feedback Resistors 

(pins 25, 26, 27, 28) -15Vto+15V 

Vout (pin 23) Indefinite Short to Common 

Powpr Dissipation 3000mW 

Storage Temperature -60°C to +150°C 

Lead Temperature, Soldering +300X, 10s 

CAUTION These devices are sensitive to electrostatic discharge 
Appropriate I C handling procedures should be followed Stresses 
above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device Exposure to absolute maximum 
conditions for extended periods may affect device reliability 



PIN CONNECTIONS 



(MSB) Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 
Bit 8 
Bit 9 
Bit 10 
Bit 11 
Bit 12 
Bit 13 
Bit 14 
Bit 15 
Bit 16 
Bit 17 
(LSB) Bit 18 
Vdd (5V) 
Digital Common 



1 


40 


2 


39 


3 


38 


4 


37 


5 


36 


6 


35 


7 


34 


8 


33 


9 


32 


10 


31 


11 


30 


12 


29 


13 


28 


14 


27 


15 


26 


16 


25 


17 


24 


18 


23 


19 


22 


20 


21 



VPOT 

Bit 1 Adjust 
Bit 2 Adjust 
Bit 3 Adjust 
Bit 4 Adjust 
Reference Adjust 
Gam Adjust 
Reference Common 
Reference Out 
Reference In 
Analog Common 

I OUT 

5kO Feedback 
5kQ Feedback 
lOkQ Feedback 
lOkfi Feedback 
Summing Junction 
Vout 

+Vcc (15V) 
-Vcc (15V), 



•H h-H 




Seating 
Plane 



-J\^D J U-C 



NOTE Leads in true position 
within 01" (0 25mm) R at 
MMC at seating plane 



in 

i 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1 980 


2 040 


50 29 


5182 


B 


610 


630 


15 49 


16 00 


C 


150 


200 


3 81 


5 08 


D 


016 


020 


41 


51 


F 


050 TYP 


1 27 TYP 


G 


100 BASIC 


2 54 BASIC 


H 


030 


070 


76 


178 


J 


009 


012 


23 


30 


K 


155 


195 


3 94 


4 95 


L 


600 BASIC 


15 24 BASIC 


N 


040 1 060 


1 02 1 1 52 



BURN-IN SCREENING 

Burn-in screening is an option available for the DAC729 
family of products. Burn-in duration is 160 hours at 
85° C (or equivalent combination of time and temp- 
erature). 



All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 
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THEORY OF OPERATION 

The DAC729 is an 18-bit digital-to-analog converter 
system, including a precision reference, low noise, fast 
settling operational amplifier, and an 18-bit current 
source/ DAC chip contained in a hermetic 40-pin ceramic 
dual-in-line package. Refer to Figure 11 for a schematic 
diagram of the DAC729. 

THE INTERNAL REFERENCE 

The reference consists of a very low temperature 
coefficient closed-loop reference zener circuit that has 
been temperature -drift -compensated by laser-trimming a 
zener current to achieve less than lppm/°C temperature 
drift of Vref 

By strapping pin 32 (Reference Out) to pin 31 (Reference 
In), the DAC will be properly biased from the internal 
reference. The internal reference may be fine adjusted 
using pin 35 as shown in Figure 7. The reference has an 
output buffer that will supply 4mA for use external to 
the DAC729. This load must remain constant because 
changing load on the reference may change the reference 
current to the DAC. 

In systems where several components need to track the 
same system reference, the DAC729 may be used with an 
external lOV reference, however, the internal reference 
has lower noise (6/xVp-p) and better stability than other 
references available. 

THE OPERATIONAL AMPLIFIER 

To support a DAC of this accuracy, the operational 
amplifier must have a maximum gain-induced error of 
less than 1/3LSB, independent of output swing (the op 
amp must be Hnear!). To support 15 bits (1/2-bit line- 
arity) the op amp must have a gain of 130,000V/ V. For 
18 bits, the minimum gain is well over 500,000V/ V. Since 
thermal feedback is the major limitation of gain for 
mono op amps, the amplifier was designed as a high 
gain, fast settling mono op amp, followed by a monolithic, 
unity-gain current buffer to isolate the thermal effects of 
external loads from the input stage gain transistors. The 
op amp and buffer are separated from the DAC chip, 
minimizing thermally-induced linearity errors in the 
DAC circuit. The op amp, like the reference, is not 
dedicated to the DAC729. The user may want to add a 
network, or 'select a different amplifier. The DAC729 
internal op amp is intended to be the best choice for 
accuracy, settling time, and noise. 

THE DAC CHIP 

The heart of the DAC729 is a monolithic current source 
and switch integrated circuit. The absolute linearity, 
differential linearity, and the temperature performance 
of the D AC729 are the result of the design, which utilizes 
the excellent element matching of the current sources and 
switch transistors to each other, and the tracking of the 
current setting resistors to the feedback resistors. Older 
discrete designs cannot achieve the performance of this 
monolithic DAC design. 



The two most significant bits are binarily weighted 
inter-digitated current sources. The currents for bits 3 
through 18 are scaled with both current source weighting 
and an R-2R ladder. The circuit design is optimized for 
low noise and low superposition error, with the current 
sources arranged to minimize both code-dependent 
thermal errors and IR drop errors. As a result, the 
superposition errors are typically less than 20)uV. 
The DAC chip is biased from a servo amplifier feeding 
into the base line of the current sources. This servo 
amplifier sets the collector current to be mirrored and 
scaled in the DAC chip current sources, as shown in 
Figure II. The reference current for the servo is estab- 
lished by the reference voltage applied to pin 31 feeding 
an internal resistor (20kn) to the virtual ground of the 
servo amplifier. 

DISCUSSION OF 
SPECIFICATIONS 

DIGITAL INPUT CODES 

The DAC729 accepts complementary digital input codes 
in either binary format (CSB for Unipolar or COB for 
Bipolar; see Table I). 

TABLE I. Digital Input Coding. 



Digital Input 


DAC Analog Output | 


COB 


20V FSR 


CSB 


10V FSR 


00 0000 0000 0000 0000 

11 1111 1111 1111 1111 


+ Full Scale 
- Full Scale 


9 999924V 
-10V 


+ Full Scale 
- Full Scale 


9 999962V 
OV 



ACCURACY 
Linearity 

This specification describes one of the most important 
measures of performance of a D/A converter. Linearity 
error is the deviation of the analog output versus code 
transfer function from a straight line drawn through the 
end points (all bits ON point and all bits OFF point). 

Differential Linearity Error 

Differential Linearity Error (DLE) of a D/A converter is 
the deviation from an ideal ILSB change in the output 
from one adjacent output state to the next. A differential 
linearity error specification of +1/2LSB means that the 
output step sizes can be between 1/2LSB and 3/2LSB 
when the input changes from one adjacent input state to 
the next. A negative DLE specification of no more than 
— ILSB (—0.0015% for 16-bit resolution) insures mono- 
tonicity to 16 bits. 
Monotonicity 

Monotonicity assures that the analog output will increase 
or remain the same for increasing input digital codes. 
The DAC729KH is specified to be monotonic to 16 bits 
over the entire specification temperature range. 

DRIFT 
Gain Drift 

Gain drift is a measure of the change in the full-scale 
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range output over temperature expressed in parts per 
million per degree centigrade (ppm/°C). Gain drift is 
measured by: (1) testing the end point differences for 
each D/A at tMiN, +25°C, and tMAx; (2) calculating the 
gain error with respect to the -}-25°C value; and (3) 
dividing by the temperature change. 
Offset Drift 

Offset drift is a measure of the change in the output with 
3FFFFh applied to the digital inputs over the specified 
temperature range. The maximum change in offset at tMm 
or tMAx is referenced to the offset error at H-25°C and is 
divided by the temperature change. This drift is expressed 
in parts per million of full-scale range per degree centi- 
grade (ppm of FSR/°C). 

SETTLING TIME 

Settling time of the D/ A is the total time required for the 
analog output to settle within an error band around its 
final value after a change in digital input. Settling time 
includes the slew time of the op amp. 
VOLTAGE OUTPUT 

Settling times are specified to ±0.00076% of FSR 
scale range change of 20V (COB) or lOV (CSB) and a 
ILSB change at the "major carry," the point at which the 
worst-case settling time occurs. (This is the worst-case 
point since all of the input bits change when going from 
one code to the next.) 

CURRENT OUTPUT 

Settling times are specified to ±0.00076% of FSR for a 
full-scale range change with an output load resistance 

of ion. 

COMPLIANCE VOLTAGE 

Compliance voltage applies only to the current output 
mode of operation. It is the maximum voltage swing 
allowed on the output current pin while still being able 
to maintain specified linearity. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/ A converter 
full-scale output. It is defined as a percent of FSR change 
in the output per percent of change in either the positive 
supply (+Vcc), negative supply (— Vcc) or logic supply 
(Vdd) about the nominal power supply voltages (see 
Figure I). It is specified for DC or low frequency changes. 
The typical performance curve in Figure 1 shows the effect 
of high frequency changes in power supply voltages using 
internal reference, DAC, and op amp. 

OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown in 
Figure 2. These capacitors (1/xF to lO/uF tantalum recom- 
mended) should be located at the DAC729. 
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FIGURE 1. Power Supply Sensitivity vs Frequency 
Using Internal Reference and Op Amp. 




FIGURE 2. Ground Connections and Supply Bypass. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external 
offset and gain potentiometers. Connect these poten- 
tiometers as shown in Figure 3 and adjust as described 
below. TCR of the potentiometers should be 100ppm/°C 
or less. The 3.9Mn and SlOkO resistors (20% carbon or 
better) should be located close to the DAC729 to prevent 
noise pickup. If it is not convenient to use these high-value 
resistors, an equivalent "T" network, as shown in Figure 
4, may be substituted in place of the 3.9Mn. A 0.001/xF to 
O.OljuF capacitor should be connected from Gain Adjust 
(pin 34) to common to shunt noise pickup. This capacitor 
should be a low leakage film type (such as Mylar or 
Teflon). 

Refer to Figures 5 and 6 for relationship of offset and 
gain adjustments to unipolar and bipolar D/A converters. 
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1 - 




-40 




2 - 




-39 




3 - 

4 - 




"^^ Gain Adjust 
-37 -hVcc 




5 - 




Q 




6 - 

7 - 

8 - 

9 - 




"!! 270knJiokQto 
-34 -jj-AA/^ ^QQ^j^ 

-33 :f 0022/iF| 

-32 V ^-Vcc 




10- 




-31 n+Vcc 




11- 
12- 
13- 




-30-^ 1 
-0 ^ 'J-^ ^^lOkQto 
_28 39Mb J lOOk^ 




14- 
15- 




-27 -Vcc 
-26 Offset Adjust 




16- 




-25 




17- 




-24 


+5V 


18- 




-23 








-22 -O +Vcc = 15V 






¥ 


— 20- 




-21 -O -Vcc - 15V 






♦Mylar'" or Teflon'" Film 



FIGURE 3. Gain and Offset Adjust Hook-Up. 




FIGURE 4. Equivalent Resistances. 
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^-^ - Gain Adj. 
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I I t>M I I I I 

Digital Input 
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FIGURE 5. Relationship of Offset and Gain Adjust- 
ments for a Unipolar D/A Converter. 

OFFSET ADJUSTMENT 

For unipolar (CSB) configurations, apply the digital input 
code that should produce zero potential output and adjust 
the offset potentiometer for zero output. 
For bipolar (COB) configurations, apply the digital input 
code that should produce the maximum negative output 
voltage. See Table II for corresponding codes and Figures 
2 and 3 for offset adjustment connections. Offset adjust 
should be made prior to gain adjust. 

Mylar'", Teflon'" E 1 du Pont de Nemours & Co 



1LSB 

\ 



Input = 3FFFFh 



Bipolar V 
Offset 



Range of 
Offset Adj 

Offset Adj. 
Translates —^ 
the Line \ 



ly 



,< 



p Range of 



Gain Adj 



I -^/S^ \ input = 



Gain Adj 
Rotates 
the Line 



MSB On. 

All Others Off 



1/ 



Digital Input 



FIGURE 6. Relationship of Offset and Gain Adjust- 
ments for a Bipolar D/A Converter. 

GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full-scale voltage. See Table II for positive 
full-scale voltages and Figure 3 for gain adjustment 
connections. 

TABLE II. Output Range Connections and Gain 
Adjust Voltage. 



Output 




Connect 


Connect 


Connect 


Gain Adjust | 


Range 


Code 


Pin 23 


Pin 31 


Pin 24 


16 Bits 


18 Bits 


±10V 


COB 


to Pin 25 


to Pin 26 


to Pin 29 


9.9969V 


9.99992V 


±5V 


COB 


to Pin 27 


to Pin 26 


to Pin 29 


4.9998V 


4 99996V 


±2.5V 


COB 


to Pin 27 


to Pin 26 


to Pins 
29&25 


2 4992V 


2 49998V 


to 10V 


CSB 


to Pins 
25&26 


N/C 


to Pin 29 


9.9998V 


9.99996V 


OtoSV 


CSB 


to Pins 
27&28 


N/C 


to Pin 29 


4 9999V 


4.99998V 



REFERENCE ADJUSTMENT 

The internal reference may be fine adjusted using pin 35 as 
shown in Figure 7. Adjusting the reference has a similar 
effect on the DAC as gain adjust, except the transfer 
characteristic rotates around bipolar zero for a bipolar 
connection as shown in Figure 8. 

LAYOUT/APPLICATIONS SUGGESTIONS 

Obviously, the management of IR drops, power supply 
noise, thermal stability, and environmental noise becomes 
much more critical as the accuracy of the system increases. 
The DAC729 has been designed to minimize these 
applications problems to a large degree. The basics of 
"Kelvin sensing" and "holy point" grounding will be the 
most important considerations in optimizing the absolute 
accuracy of the system. Figure 9 shows the proper 
connection of the DAC with the holy-point ground and 
the Kelvin-sensed-output connection at the load. 
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2 - 




_39 Rs = 1MQ 
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3 - 




"38 Adjustment Range 


4 - 

5 - 




Z "3 
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6 - 
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FIGURE 7. Vref Adjust. 
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FIGURE 8. Effect of Vref Adjust on a COB Connected 
DAC729. 

The DAC729 has three separate supply common (ground) 
pins. Reference common (pin 33) carries the return 
current from the internal reference and the output I/V 
converter common. The current in pin 33 is stable and 
independent of code or load. Digital common (pin 20) 
carries the variable currents of the biasing circuits. Analog 
common (pin 30) is the termination of the R-2R ladder 
and also carries the "waste current" from the off side of 
the current switches. These three ground pins must be star 
connected to system ground for the DAC to bias properly 
and accurately. Good ground connections are essential, 
because an IR drop of just 39/xV completely swamps out a 
lOV FSR 18-bit LSB. 
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FIGURE 9. Typical Hook-Up Diagram with "Holy 
Point" Ground and Kelvin Sense Load, 
Using Internal Op Amp and Reference. 

When the application is such that the DAC must control 
loads of greater than ±5mA with rated accuracy, it is 
recommended that an external op amp or op amp buffer 
combination be used to dissipate the variable power 
external to the DAC729. This minimizes the temperature 
variations on the precision D/A converter. Figure 10 
illustrates a method of connecting the external amplifier 
for ±10V operation, while using an external reference. 

When driving loads to greater than +10V, care must be 
taken that the internal resistors are never exposed to 
greater than ±10V, and that the summing junction is 



18- 
Bit 
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From System 
Reference 



FIGURE 10. Using an External Op Amp with Buffer 
and External Reference for ±10V Output. 
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FIGURE 11. DAC729 Simplified Schematic. 

clamped to insure that the voltage never exceeds ±5V. 
Clamping the summing junction with diodes (parallel 
opposing connection) to ground will give the best 
transient response and settling times. 

TRUE 18-BIT PERFORMANCE 
(DIFFERENTIAL LINEARITY ADJUSTMENT) 

To take full advantage of the DAC729's accuracy, the four 
MSBs have adjustment capabilities. A simplified sche- 
matic (Figure 11) shows the internal structure of the DAC 
current source and the adjustment input terminal. The 
suggested network for adjusting the linearity is shown in 
Figure 12. This circuit has nearly twice the range that is 
required for the DAC729JH. The range is intentionally 
narrow so as to minimize the effect of temperature drift or 
stability problems in the potentiometers. The potenti- 
ometers are biased in an identical fashion to the internal 
DAC current sources to minimize power supply sensitivity 
and drift over temperature. Low leakage capacitors such 
as Mylar or Teflon film are essential. 
The linearity adjustment requires a digital voltmeter with 
7 digits of resolution on the lOV range (IjuV resolution) 
and excellent linearity. For the DAC, ILSB of the OV to 
lOV scale (10 FSR) is 38mV. To be 1/2LSB linear, the 
measurement must resolve 19juV. The meter must be 
properly calibrated and linear to Ippm of range. 
With the DAC connected for to lOV output (Figure 13), 
the adjustment procedure is to set the DAC code and 
measure as follows. 



FOURTH MSB ADJUSTMENT (Pin 36) 

1. Set Code = 11 1100 0000 0000 0000 

2. Measure Vout 

3. Set Code = 11 1011 1111 1111 1111 

4. Measure Vout and record the difference. 

5. Adjust 4th MSB potentiometer to make difference 
+38mV. 

6. Repeat steps 1 through 5 to confirm. 

THIRD MSB ADJUSTMENT (Pin 37) 

1. Set Code = 1 1 1000 0000 0000 0000 

2. Measure Vout 

3. Set Code = 11 0111 1111 1111 1111 

4. Measure Vout and record the difference. 

5. Adjust 3rd MSB potentiometer to make difference 
+38mV 

6. Repeat steps 1 through 5 to confirm, 

SECOND MSB ADJUSTMENT (Pin 38) 

1. Set Code = 1 1 0000 0000 0000 0000 

2. Measure Vout 

3. Set Code = 10 1111 1111 1111 1111 

4. Measure Vout and record the difference. 

5. Adjust 2nd MSB potentiometer to make difference 
+38mV. 

6. Repeat steps 1 through 5 to confirm. 
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MSB ADJUSTMENT (Pin 39) 

1. Set Code =^ 10 0000 0000 0000 0000 

2. Measure Vout 

3. Set Code = 01 1111 1111 1111 1111 

4. Measure Vout and record the difference. 

5. Adjust the MSB potentiometer to make difference 
+38mV. 

6. Repeat steps 1 through 5 to confirm. 
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FIGURE 12. Differential Linearity Adjustment Circuit 
for the 4MSBs. 
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FIGURE 13. to lOV FSR. 

APPLICATIONS 

The DAC729 is the DAC of choice for applications 
requiring very high resolution, accuracy, and wide 
dynamic range. 

DIGITAL AUDIO 

The excellent linearity and differential linearity are ideal 



for PCM professional audio and waveform generation 
applications. 

The DAC729 offers superb dynamic range. Dynamic 
range is a measure of the ratio of the smallest signals the 
converter can produce to the full-scale range, usually 
expressed in decibels (dB). The theoretical dynamic range 
of a converter is approximately 6dB per bit. For the 
DAC729 the theoretical range is 108dB! The actual- 
dynamic range is limited by noise (signal-to-noise) and 
linearity errors. The DAC729's 6juV typical noise floor, 
fast settling op amp, and adjustable 18-bit linearity 
minimize the limitation. 

Total harmonic distortion (THD) is the measure of the 
magnitude and distribution of the linearity error, differ- 
ential linearity error, noise, and quantization error. The 
THD is defined as the ratio of the square root of the sum 
of the squares of the harmonics to the values of the input 
fundamental frequency. The rms value of a DAC error 
can be shown to be 



^^V4- I [Elw -h eqO)]^ 



where n is the number of samples in one cycle of any given 
sine wave, EL(i) is the linearity error of the DAC729 at 
each sampling point, and EgCi) is the quantization error 
at each sampling point. The THD can then be expressed 
as 

(2) 



THD = 



V n 1 = 1 



,(i) + EQ(i)]^ 



100% 



trms Lrms 

where E rms is the rms signal-voltage level. 

This expression indicates that, in general, there is a 

correlation between the THD and the square root of the 

sum of the squares of the linearity errors at each digital 

word of interest. However, this expression does not mean 

that the worst-case linearity error of the D/ A is directly 

correlated to the THD. 

The DAC729 has demonstrated THD of 0.0009% at full 

scale (at IkHz). This is the level of distortion that is 

desired to test other professional audio products, making 

the DAC729 ideal for professional audio test equipment. 

The ability to adjust the linearity of the 4MSBs, the 
18-bit resolution, fast settUng and low noise give the 
DAC729 unmatched performance. 

AUTOMATIC TEST EQUIPMENT 

The pin functions of the D AC729 are convenient for use 
in automatic test equipment systems. The ability to use 
internal or extern-al reference and internal or external op 
amp means versatility for the system designer. For 
example, in automatic test systems with several DACs 
and ADCs, it is desirable to operate all of the high 
accuracy converters from the same reference, improving 
the tracking characteristics of those components to one 
another. The reference in the DAC729 is a very stable 
precision reference, and is suitable for use as the system 
reference. 
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Test systems, and other large systems are the ideal 
application for a DAC of this accuracy, because the 
DAC will be calibrated in the environment in which it 
will be used. Since the environment is very stable, the 
manual calibration (Figure 12) may be adequate. How- 
ever, highly automated systems will go to an automatic 
calibration routine. Replacing the potentiometers in 
Figure 12 with Vout DACs, and using sample and 
difference measurements, the major carry bit weights can 
be measured, and external DACs used to adjust the 
differential linearity of the DAC729. A successive 
approximation routine yields the fastest calibration. The 
output voltage of the external DACs will have to be level 
shifted, as the bit adjustment potentiometer must be able 
to achieve — Vcc to give the full adjust range. 
Because the DAC729 feedback resistors have a tolerance 
of ±0.1%, the output range can be rescaled slightly with 
small-value fixed external resistors to give convenient 
ranges. A popular range is OV to +10.24V which gives 
even 5mV steps at II bits. In this case the LSB size is 
39.06^tV. Figure 14 shows how to connect two 2400 
resistors in series with the internal lOkO resistors to give 
a OV to 10.24V full-scale range. Another convenient 
range might be OV to +10. 48576V which gives an even 
40iuV LSB step size. 

THE HEART OF AN 18-BIT ADC 

The DAC729 makes a good building block in ADC 
applications. The key to ADC accuracy is differential 
linearity of the DAC. The ability to adjust to 18-bit 
linearity, coupled with the fast settling time of the 
DAC729 makes the design cycle for an 18-bit successive 
approximation ADC much faster, and the production 
more consistent. Figure 15 shows the DAC as the heart 
of a successive approximation ADC. The clock and 
successive approximation register could be implemented 
in 7400 series TTL, as a simple gate-array or standard 



cell, or part of a local processor. 

With the DAC out of the way, the comparator is the 
toughest part of the ADC design. To resolve an 18-bit 
LSB, and interface to a TTL logic device, the comparator 
must have a gain of 500kV/ V (5X actual) as well as low 
hysteresis, low noise, and low thermally induced offsets. 
With this much gain, a slow comparator may be desired 
to reduce the risk of instability. 

The feedback resistors of the DAC are the input scaling 
resistors of the ADC. An OPA602 and an OPA633 make 
an excellent buffer for the input signal, giving a very high 
input impedance to the signal (minimizing IR drop) 
while maintaining the linearity. 
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FIGURE 14. OV to 10.24V Using Internal Op Amp and 
Internal Reference. 
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FIGURE 15. Block Diagram of an 18-Bit Resolution ±10Vin ADC. 
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DAC811 



AVAILABLE IN 
DIE FORM 



Microprocessor-Compatible 
12-BIT DIGITAL-TO-ANALOG CONVERTER 



FEATURES 

• SINGLE INTEGRATED CIRCUIT CHIP 

• MICROCOMPUTER INTERFACE: DOUBLE-BUFFERED 
LATCH 

• VOLTAGE OUTPUT: ±IOV. ±5V, +10V 

• MONOTONICITY GUARANTEED OVER TEMPERATURE 

• ±1/2LSB MAXIMUM NONLINEARITY OVER 
TEMPERATURE 

• GUARANTEED SPECIFICATIONS AT ±12V AND ±15V 
SUPPLIES 

• TTL/5V CMOS-COMPATIBLE LOGIC INPUTS 

DESCRIPTION 

The D ACS 11 is a complete single-chip integrated 
circuit microcomputer-compatible 12-bit digital-to- 
analog converter. The chip includes a precision 
voltage reference, microcomputer interface logic, 
double-buffered latch, and a 12-bit D/A converter 
with a voltage output amplifier. Fast current switches 
and a laser-trimmed thin-film resistor network 
provide a highly accurate and fast D/A converter. 
Microcomputer interfacing is facilitated by a double- 
buffered latch. The input latch is divided into three 
4-bit nybbles to permit interfacing to 4-, 8-, 12- or 
16-bit buses and to handle right- or left-justified 
data. The 12-bit data in the input latches is trans- 
ferred to the D/A latch to hold the output value. 
Input gating logic is designed so that loading the last 
nybble or byte of data can be accomplished simultan- 
eously with the transfer of data (previously stored in 
adjacent latches) from adjacent input latches to the 
D/A latch. This feature avoids spurious analog 
output values while using an interface technique that 
saves computer instructions. 



The D ACS 11 is laser trimmed at the wafer level and 
is specified to +1/4LSB maximum linearity error (B, 
K, and S grades) at 25°C and +1/2LSB maximum 
over the temperature range. All grades are guaranteed 
monotonic over the specification temperature range. 
The D ACS 11 is available in six performance grades 
and three package types, as well as offering environ- 
mentally screened versions for enhanced reliability. 
DAC811J and K are specified over the temperature 
range of 0°C to +70°C; DACSllA and B are specified 
over -25°C to +S5°C; DACSllR and S are specified 
over -55°C to +125°C. DAC811J and K are packaged 
in a reliable 2S-pin plastic DIP or plastic SOIC 
package, while DACSllA, B, R, and S are available 
in a 28-pin 0.6-inch wide dual-in-line hermetically- 
sealed ceramic side-brazed package (H package). 
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SPECIFICATIONS 



ELECTRICAL 

Ta = +25°C ±Vcc = 



12\/ or 15V unless otherwise noted 



MODEL 


DAC81 1 AH, JP, JU 1 DAC81 1 BH, KP, KU 


DAC811RH 


DAC811SH 


UNITS 


PARAMETER 


MIN 


TYP 1 MAX 1 MIN 1 TYP 


MAX 


MIN 1 TYP 


MAX 


MIN 1 TYP 


MAX 


INPUT 1 


DIGITAL INPUT 


























Resolution 




12 




















Bits 


Codes"' 




USB, BOB 






















Digital Inputs Over Temperature Range'^' 




























VlH 


+2 




+15 




















VDC 


ViL 


00 




+0 8 




















VDC 


l,H, V, = +2 7V 






+10 




















M 


l,L, V, = +0 4V 






±20 




















/iA 


Digital Interface Timing Over Temperature Range 




























twp, WR pulse width 

tAw1 , Nx and LDAC valid to end of WR 


50 
50 
























nsec 
nsec 


tow, data valid to end of WR 


80 
























nsec 


toH, data valid hold time 















+10 












nsec 


TRANSFER CHARACTERISTICS | 


ACCURACY 




























Linearity Error 




±1/4 


±1/2 




±1/8 


±1/4 




±1/4 


±1/2 




±1/8 


±1/4 


LSB 


Differential Linearity Error 




±1/2 


±3/4 




±1/4 


±1/2 




±1/2 


±3/4 




±1/4 


±1/2 


LSB 


Gam Error'^' 




±01 


±0 2 




















% 


Offset Error'="" 




±0 05 


±015 




















% of FSR"' 


Monotonicity 


( 


Suaranteed 






















Povi/er Supply Sensitivity, +Vcc 




±0 001 


±0 003 




















% of FSR/%Vcc 


-Vcc 




±0 002 


±0 006 




















% of FSR/%Vcc 


Vdd 




±0 0005 


±0 0015 




















% of FSR/%Vdd 


DRIFT (over specification temperature range) '^oi 




























Gam 




±10 


±30 




±10 


±20 




±15 


±30 




±15 


±30 


ppm/°C 


Unipolar Offset 




±5 


±10 




±5 


±7 




±5 


±10 




±5 


±7 


ppm of FSR/°C 


Bipolar Zero 




±5 


±10 




±5 


±7 




±5 


±10 




±5 


±7 


ppmof FSR/°C 


Linearity Error Over Temperature Range 




±1/2 


±3/4 




±1/4 


±1/2 




±1/2 


±3/4 




±1/4 


±1/2 


LSB 


Monotonicity Over Temperature Range 


( 


guaranteed 






















CONVERSION SPEED | 


SETTLING TIME'*' (to w/ithin ±0 01% of FSR of 




























final value, 2kn load) 




























For Full Scale Range Change, 20V Range 




3 


4 




















//sec 


10V Range 




3 


4 




















/usee 


For 1LSB Change at Major Carry'^' 




1 






















fjsec 


Sle»^ Rate*' 


8 


12 






















V//L*sec 


OUTPUT 1 


ANALOG OUTPUT 




























Voltage Range (±Vcc = 15V)'*', Unipolar 




to +10 






















V 


Bipolar 




±5, ±10 






















V 


Output Current 


±5 
























mA 


Output Impedance (at DC) 




02 






















o 


Short Circuit to Common Duration 




Indefinite 






















REFERENCE VOLTAGE 




























Voltage 


+6 2 


+6 3 


+6 4 




















V 


Source Current Available for External Loads 


+2 
























mA 


Temperature Coefficient 




±10 


±30 




±10 


±20 




±10 


±30 




±10 


±20 


ppm/° C 


Short Circuit to Common Duration 




Indefinite 






















POWER SUPPLY REQUIREMENTS | 


Voltage, +Vcc 


+11 4 


+15 


+165 






















VDC 


-Vcc 


-11 4 


-15 


-165 






















VDC 


Vdd 


+4 5 


+5 


+5 5 




* 


















VDC 


Current (no load), +Vcc 




+16 


+25 






















mA 


-Vcc 




-23 


-35 






















mA 


Vdd 




+8 


+15 






















mA 


Potential at DOOM with Respect to ACOM'" 






±0 5 






















V 


Power Dissipation 




625 


800 












■ 








mW 


TEMPERATURE RANGE | 


Specification J, K 







+70 




















°C 


A, B 


-25 




+85 




















°C 


R, S 














-55 




+ 125 








°C 


Storage J, K 


-60 




+100 




















"C 


A, B, R, S 


-65 




+150 




















°C 



CO 

o 

< 

Q 



*Same as specification to immediate left 

NOTES (1 ) USB = Unipolar Straight Binary, BOB = Bipolar Offset Binary (2) Refer to Logic Input Compatibility section (3) Adjustable to zero with external 
trim potentionmeter (4) Error at input code OOOie for both unipolar and bipolar ranges (5) FSR means Full Scale Range and is 20V for the +10V range (6) 
Maximum represents the 3a limit Not 100% tested for this parameter (7)At the major carry, 7FFi6 to SOOie and 8OO16 to 7FFi6 (8) Minimum supply voltage 
required for ±10V output swing is +13 5V Output swing for +11 4V supplies is at least -8V to +8V (9) The maximum voltage at which ACOM and DOOM maybe 
separated without affecting accuracy specifications (10) Drift for the DAC811KU is identical to the JU grade on SOIC only, guaranteed 
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TIMING DIAGRAMS 








(LOAD FIRST RANK FROM DATA BUS: LOAC = 


= 1) 






Uw 






CfCBJ ¥ 


X 








tow ^ 




DB„-OB. ^ 


^ 1 


m 


_ 

> 


toH 


V\^ 


t 


Write Cycle #1 




- 


•— Iwp-^ 



MECHANICAL 




H Package 



Pin numbers shown for 
reference only Numbers 
may not be marked on 
package 



L L ^M 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1386 


1 414 


35 20 


35 92 


C 


108 


166 


2 74 


4 22 


D 


015 


021 


38 


53 


F 


035 


060 


89 


152 


G 


100 BASIC 


2 54 BASIC 1 


H 


036 


064 


91 


163 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


610 


L 


600 BASIC 


15 24 BASIC 1 


M 


_ 


10° 


_ 


10° 


N 


025 


060 


64 


1 52 



NOTE Leads in true position 
within 010" (0 25mm) R at MMC 
at seating plane 

CASE Ceramic, hermetic 
MATING CONNECTOR 2803MC 
WEIGHT 4 8gm (0 17oz) 



I^I»ll^r^l»ll^t^l^l^l»H^t^<»^n 



) o 



P Package 



x; 



WWWW'u"u'yu"'u' 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1400 


1460 


35 56 


37 08 


B 


530 


575 


13 46 


14 61 


C 


0169 


224 


4 29 


5 69 


D 


015 


0023 


38 


58 


F 


0043 


0065 


109 


165 


G 


0100 BASIC 


2 54 BASIC ! 


H 


030 


090 


76 


2 29 


J 


008 


015 


20 


038 


K 


0100 


0136 


2 54 


3 45 


L 


600 BASIC 


15 24 BASIC 


M 


0°C 


15°C 


0°C 


15°C 


N 


018 


022 


46 


56 



NOTE 

Leads in true position within 010" 

( 25mm) R at MMC at seating plane 

CASE Ceramic, hermetic 
MATING CONNECTOR 2803MC 
WEIGHT 4 3gm(015oz) 



(LOAD SECOND RANK FROM FIRST RANK; Na. NT. N7= 1) 
Iaw 



LOAC 



■\ 



/ 



Write Cycle #2 




±1/2LSB 



ABSOLUTE MAXIMUM RATINGS 



+Vcc to +18V 

-Vcc to ACOM to -18V 

Vdd to DOOM to +7V 

Vdd to ACOM ±7V 

ACOM to DOOM ±7V 

Digital Inputs (pins 2-14, 16-19) to DCOM -0 4V to +18V 

External Voltage Applied to 10V Range Resistor ±12V 

REF OUT Indefinite short to ACOM 

External Voltage Applied to DAC Output -5 to +5V 

Power Dissipation 1 0OOmW 

Lead Temperature, Soldering +300° C, 10s 

Max Junction Temperature 165°C 

Thermal Resistance, Aja: Plastic DIP & SOIC 100°C/W 

Ceramic DIP 65°C/W 



U Package 





inmnn rmu 



11 



^ 



jCii ^2L 



V 



NOTE Leads in true position 
within 010" ( 25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 





INCHES 


MILLIMETERS 1 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


700 


716 


17 78 


1819 


B 


286 


302 


7 26 


7 67 


C 


093 


109 


2 36 


2 77 


D 


016 BASIC 


41 BASIC 


G 


050 BASIC 


1 27 BASIC 


H 


022 


038 


56 


97 


J 


008 


012 


20 


30 


L 


398 


414 


1011 


10 52 


M 


50TYP 


50TYP 


N 


000 1 012 


000 030 
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PIN NOMENCLATURE 



PIN 


NAME 


FUNCTION 


PIN 


NAME 


FUNCTION 


1 


Vdd 


Logic Supply, +5V 


14 


.D4 


DATA, Bit 5 


2 


WR 


WRITE, command signal to load latches Logic 


15. 


DOOM 


DIGITAL COMMON, Vdd supply return 






low loads latches 


16 


Do 


DATA. Bit 1, LSB 


3 


LDAC 


LOAD D/A CONVERTER, enables WR to load the 
D/A latch Logic low enables 


17 


Di 


DATA, Bit 2 








18 


D2 


DATA, Bit 3 




Na 


NYBBLE A, enables WR to load input latch A (the 












most significant nybble Logic low enables 


19 


D3 


DATA, Bit 4 


5 


Nb 


NYBBLE B, enables WR to load input latch B 


20 


+Vcc 


Analog Supply Input, +15V or +12V 






Logic low enables 


21 


-Vcc 


Analog Supply Input, -15V or -12V 


6 


Nc 


NYBBLE C, enables WR to load input latch C (the 


22 


GAIN ADJ 


To externally adjust gam 






least significant nybble) Logic low enables 


23 


ACOM 


ANALOG COMMON, ±Vcc supply return 


7 


Dii 


DATA, Bit 12, MSB, positive true 


24 


Vout 


D/A converter voltage output 


8 


Dio 


DATA, Bit 1 1 


25 


10V RANGE 


Connect to pin 24 for 10V Range 


9 


Dg 


DATA, Bit 10 


26 


SJ 


SUMMING JUNCTION of output amplifier 


10 


Ds 


DATA, Bit 9 


27 


BPO 


BIPOLAR OFFSET Connect to pin 26 for Bipolar 


11 


Dy 


DATA, Bit 8 






Operation 


12 


De 


DATA, Bit 7 


28 


REFOUT 


6 3V reference output 


13 


Ds 


DATA, Bit 6 









ORDERING INFORMATION 



Model 


Package 


Temperature 
Range 


Linearity Error, 

max (+25° C) 


Gain Drift 
(ppm/°C) 


DAC811JP 


Plastic DIP 


0°Cto+70°C 


±1/2LSB 


30 


DAC811JU 


Plastic SOIC 


0°Cto+70°C 


±1/2LSB 


30 


DAC811KP 


Plastic DIP 


0»Cto+70°C 


±1/4LSB 


20 


DAC811KU 


Plastic SOIC 


0°Cto+70°C 


±1/4LSB 


20 


DAC811AH 


Ceramic DIP 


-25°Cto+85°C 


±1/2LSB 


30 


DAC811AH/QM 


Ceramic DIP 


-25°Cto+85°C 


±1/2LSB 


30 


DAC811BH 


Ceramic DIP 


-25''Cto+85°C 


±1/4LSB 


20 


DAC811BH/QM 


Ceramic DIP 


-25°Cto+85°C 


±1/4LSB 


20 


DAC811RH 


Ceramic DIP 


-55»Cto+125°C 


±1/2LSB 


30 


DAC811RH/QM 


Ceramic DIP 


-55''Cto+125°C 


±1/2LSB 


30 


DAC811SH 


Ceramic DIP 


-55°Cto+125°C 


±1/4LSB 


20 


DAC811SH/QM 


Ceramic DIP 


-55°Cto+125°C 


±1/4LSB 


±1 


BURN-IN SCREEN 


ING OPTION 








See text for details 










Model 


Package 


Range 


Linearity Error, 

max (+25° C) 


Gain Drift, 

(ppm/°C) 


DAC811JP-BI 


Plastic DIP 


0°Cto+70°C 


+1/2LSB 


30 


DAC811JU-BI 


Plastic SOIC 


0°Cto+70'»C 


±1/2LSB 


30 


DAC811KP-BI 


Plastic DIP 


0°Cto+70°C 


±1/4LSB 


20 


DAC811KU-BI 


Plastic SOIC 


0°Cto+70°C 


+1/4LSB 


20 



00 

o 

< 



NOTE (1) Or equivalent combination of time and temperature 

DISCUSSION OF 
SPECIFICATIONS 

INPUT CODES 

The DAC811 accepts positive true binary input codes. 
DAC811 may be connected by the user for any one of the 
following codes: USB (unipolar straight binary), BOB 
(bipolar offset binary) or, using an external inverter on 
the MSB line, BTC (binary two's complement). See 
Table I. 

LINEARITY ERROR 

Linearity Error as used in D/A converter specifications 
by Burr-Brown is the deviation of the analog output 
from a straight line drawn between the end points 
(inputs all "I's" and all "O's"). The DAC811 linearity 
error is specified at +1/4LSB (max) at +25°C for B, K, 
and S grades and +1/2LSB (max) for A, J, and R grades. 



DIGITAL INPUT 


ANALOG OUTPUT | 


MSB LSB 

i i 
111111111111 

100000000000 

011111111111 

000000000000 


USB 
Unipolar 
Straight 
Binary 


BOB 
Bipolar 
Offset 
' Binary 


BTC* 

Binary 

Two's 

Complement 


+Full Scale 

+1/2 Full Scale 

1/2 Full Scale -1 LSB 

Zero 


+Full Scale 
Zero 
-1LSB 
-Full Scale 


-1 LSB 
-Full Scale 
+Full Scale 
Zero 


•Invert the MSB of the BOB code with external inverter to obtain BTC 1 
code 1 



TABLE L Digital Input Codes. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error (DLE) is the deviation from 
a ILSB output change from one adjacent state to the 
next. A DLE specification of 1/2LSB means that the 
output step size can range from 1/2LSB to 3/2LSB when 
the input changes from one state to the next. Monotoni- 
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city requires that DLE be less than ILSB over the 
temperature range of interest. 

MONOTONICITY 

A D/A converter is monotonic if the output either 
increases or remains the same for increasing digital 
inputs. All grades of D ACS 11 are monotonic over their 
specification temperature range. 

DRIFT 

Gain drift is a measure of the change in the full scale 
range output over the specification temperature range. 
Drift is expressed in parts per million per degree centi- 
grade (ppm/°C). Gain drift is established by testing the 
full scale range value (e.g., +FS minus — FS) at high 
temperature, +25° C, and low temperature; calculating 
the error with respect to the +25° C value and dividing 
by the temperature change. 

Unipolar offset drift is a measure of the change in output 
with all O's on the input over the specification tempera- 
ture range. Offset is measured at high temperature, 
+25° C, and low temperature. The maximum change in 
offset referred to the +25° C value divided by the temper- 
ature change is the offset drift. It is expressed in parts per 
million of full scale range per degree centigrade (ppm of 
FSR/°C). 

Bipolar zero drift is measured at a digital input of 8OO16, 
the code that gives zero volts output for bipolar opera- 
tion. 

SETTLING TIME 

Settling Time is the total time (including slew time) for 
the output to settle within an error band around its final 
value after a change in input. Three settling times are 
specified to ±0.01% of Full Scale Range (FSR): two for 
maximum full scale range changes of 20V and lOV, and 
one for a ILSB change. The ILSB change is measured at 
the major carry (7FFi6 to 8OO16 and 8OO16 to TFFie), the 
input transition at which worst-case settling time occurs. 

REFERENCE SUPPLY 

D ACS 11 contains an on-chip 6.3 V reference. This voltage 
(pin 2S) has a tolerance of +O.IV. The reference output 
may be used to drive external loads, sourcing at least 
2.0mA. This current should be constant for best perfor- 
mance of the D/A converter. 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
defined as a percent of FSR output change per percent 
of change in either the positive, negative, or logic supply 
voltages about the nominal voltages. Figure 1 shows 
typical power supply rejection versus power supply 
ripple frequency. 

BURN-IN SCREENING 

Burn-in screening is an option available for the plastic- 
DIP and plastic-SOIC package versions of the DAC81 1. 
Burn-in duration is 160 hours at S5°C (or equivalent 
combination of time and temperature). 



All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 




FIGURE 1. Power Supply Rejection versus Power 
Supply Ripple Frequency. 

/QM SCREENING 

Burr-Brown / QM models are environmentally screened 
versions of our ceramic-package versions of Model 
DAC81I, designed to provide enhanced reliability. The 
screening, tabulated below, is performed to selected 
methods of MIL-STD-SS3. Reference to these methods 
provides a convenient method of communicating the 
screening levels and basic procedures employed; it does 
not imply conformance to any other military standards 
or to any methods of MIL-STD-SS3 other than those 
specified below. Burr-Brown*s detailed procedures may 
very slightly, model-to-model from those in MIL-STD- 
SS3. 



SCREENING FLOW FOR DAC811/QM 


Screen 


MIL-STD-883 
Method 


Condition 


Internal Visual 


2010 


B 


High Temperature Storage 
(Stabilization Bake) 


1008 


C (150°C, 24Hr) 


Temperature Cycling 


1010 


C 


, Burn-in 


1015 


B(160hat125°C) 


Constant Acceleration 


2001 


E 


Hermeticity Fine Leak 
Gross Leak 


1014 
1014 


A1 or A2 
C 


External Visual 


2009 





OPERATION 

DAC8I1 is a complete single IC chip 12-bit D/A conver- 
ter. The chip contains a 12-bit D/A converter, voltage 
reference, output amplifier, and microcomputer-compa- 
tible input logic as shown in Figure 2. 
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FIGURE 2. DAC811 Block Diagram. 

INTERFACE LOGIC 

Input latches A, B, and C hold data teipporarily while a 
complete 12-bit word is assembled before loading into 
the D/A register. This double-buffered organization 
prevents the generation of spurious analog output values. 
Each register is independently addressable. 

These input latches are controlled by NX, Nb, Nc and 
WR. Na, Nb, and N^ are internally NORed with WR so 
that the input latches transmit data when both Na ^r 
N^, N^)and WR are at logic "0" When either Nl (or N^, 
Nc) or WR go to logic "1" the input data is latched into 
the input registers and held until both NT (or Nb, Nc) 
and WR go to logic "0". 

The D/A latch is controlled by LDAC and WR. LDAC 
and WR are internally NORed so that the latches 
transmit data to the D/A switches when both LDAC 
and WR are at logic "0". When either LDAC or WR are 
at lo gic "1" t he data is latched in the D/A latch and held 
until LDAC and WR go to logic "0". 

All latches are level-triggered. Data present when the 
control signals are logic "0" will enter the latch. When 
any one of the control signals returns to logic "1", the 
data is latched. A truth table for all latches is given in 
Table II. 



TABLE II. DACSn Interface Logic Truth Table. 


WR 


Na Nb Nc LDAC 


OPERATION 


1 


X X X X 


No Operation 





111 


Enables Input Latch 4MSB's 





10 11 


Enables Input Latch 4 Middle Bits 





110 1 


Enables Input Latch 4 LSB's 





1110 


Loads D/A Latch From Input Latches 








All Latches Transparent 


•X" 


= Don't Care 





GAIN AND OFFSET ADJUSTMENTS 

Figures 3 and 4 illustrate the relationship of Offset and 
Gain adjustments to unipolar and bipolar D/A converter 
output. 

OFFSET ADJUSTMENT 

For unipolar (USB) configurations, apply the digital 
input code that should produce zero voltage output and 



adjust the Offset potentiometer for zero output. For 
bipolar (BOB, BTC) configurations, apply the digital 
input code that should produce the maximum negative 
output voltage and adjust the Offset potentiometer for 
minus full scale voltage. Example: If the Full Scale 
Range is connected for 20V, the maximum negative 
output voltage is — lOV. See Table III for corresponding 
codes. 

GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive 
voltage output. Adjust the Gain potentiometer for this 
positive full scale voltage. See Table III for positive full 
scale voltages. 

±12V OPERATION 

The D ACS 11 is fully specified for operation on ±12V 
power supplies. However, in order for the output to 
swing to ±10V, the power supplies must be ±13. 5V or 
greater. When operating with ±12V supplies, the output 
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TRANSLATES -. — 
THE LINE I 



+FULL SCALE 






RANGE OF 
GAIN AOJ 



0- • 



ALL BITS .^. 

LOGIC 0. :<-%,„ ,0j 

ROTATES 
THE LINE 

< I I I I 



// 



,^' 



t I > 4 



/ ALL BITS 
/ LOGIC 1 
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FIGURE 3. Relationship of Offset and Gain Adjustments 
for a Unipolar D/A Converter 
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TRANSLATES 
THE LINE 



1 



/ 



♦FULL 
SCALE 



T 



MSB ON 
ALL OTHERS 
OFF 

-FULL SCALE 



RANGE OF 
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DIGITAL INPUT 



FIGURE 4. Relationship of Offset and Gain Adjustments 
for a Bipolar D/A Converter. 

TABLE III. Digital Input/Analog Output, ±Vcc = ±15V. 



DIGITAL INPUT 


ANALOG OUTPUT VOLTAGE | 


to +10V 


±5V 


±10V 


12-Bit Resolution 
MSB LSB 
i I 
111111111111 
100000000000 
011111111111 
000000000000 
1LSB 


+9 9976V 
+5 OOOOV 
+4 9976V 
O.OOOOV 
2.44mV 


+4 9976V 
OOOOV 
-0.0024V 
-5 OOOOV 
2 44mV 


+9 9951V 

OOOOV 

-0 0049V 

-10 0000V 

4 88mV 
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swing should be restricted to ±8V in order to meet 
specifications. 

LOGIC INPUT COMPATIBILITY 

The D ACS 11 digital inputs are TTL, LSTTL, and 
54/74HC CMOS-compatible over the operating range of 
Vdd. The input switching threshold remains at the TTL 
threshold over the supply range. 

The logic input current over temperature is low enough to 
permit driving the DAC811 directly from the outputs of 
4000B and 54/74C CMOS devices. 

INSTALLATION 

POWER SUPPLY CONNECTIONS 

Decoupling: For optimum performance and noise rejec- 
tion, power supply decoupHng capacitors should be 
added as shown in the Connection Diagram, Figure 5. 



CONNECT FOR BIPOLAR OPERATION 



D-| 


[ — Q 


Vdd 


(28) 




Q 


BPO 


[27] 


7 


- ^ 


SUMMING 
JUNCTION 


S 
Q? 




^ 


VOUT 


o 




S 


ACOM 


^ 




Q 


GAIN ADJUST 


(22) 




^ 


-Vce 


^ 




(£ 


-HVcc 


^ 




W 









® 









vL 




® 




sE 




<^ 




© 


DCOM 






Q-Vc< 



I i.OMn 

OFFSET 
ADJUST 



3.9MO 



: — 0+Vc( 



m 



0.0022//F 



ly"F 



-O+Vcc 



M 



FIGURE 5. Power Supply, Gain, and Offset 
Potentiometer Connections. 

These capacitors (IjuF tantalum recommended) should 
be located close to the DAC811. 

The DAC811 features separate digital and analog power 
supply returns to permit optimum connections for low 
noise and high speed performance. The Analog Common 
(pin 23) and Digital Common (pin 15) should be connec- 
ted together at one point. Separate returns minimize 
current flow in low level signal paths if properly connec- 
ted. Logic return currents are not added into the analog 
signal return path. A ±0.5V difference between ACOM 
and DCOM is permitted for specified operation. High 
frequency noise on DCOM with respect to ACOM may 
permit noise to be coupled through to the analog output, 
therefore, some caution is required in applying these 
common connections. 



The Analog Common is the high quality return for the 
D/A converter and should be connected directly to the 
analog reference point of the system. The load driven by 
the output amplifier should be returned to the Analog 
Common. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and Gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these poten- 
tiometers as shown in Figure 5. TCR of the potenti- 
ometers should be 100 ppm/°C or less. The l.OMH and 
3.9Mn resistors (20% carbon or better) should be located 
close to the D ACS 11 to prevent noise pickup. If it is not 
convenient to use these high value resistors, an equivalent 
"T" network, as shown in Figure 6, may be substituted in 
each case. The Gain Adjust (pin 22) is a high impedance 
point and a 0.001/uF to 0.01 juF ceramic capacitor should 
be connected from this pin to Analog Common to 
reduce noise pickup in all applications, including those 
not employing external gain adjustment. 



1.QM0 


lOOkO _ 

lOOkQ I 

^12kO 


O-w^-— — < 


^IBOkQ ^IBOkO^ 


3.9Mn 


I 




<10kO 




"Z^ 



FIGURE 6. Equivalent Resistances. 



OUTPUT RANGE CONNECTIONS 

Internal scaling resistors provided in the D ACS 11 may be 
connected to produce bipolar output voltage ranges of 
±10V and ±5V or unipolar output voltage range of to 
+10V. The 20V range (±10V bipolar range) is internally 
connected. Refer to Figure 7. Connections for the output 
ranges are listed in Table IV. 



FROM 

VOLTAGE REFERENCE 



5.36kO 

— AAA- 




® BIPOLAR 
OFFSET 

/;2\ SUMMING 
V2/ JUNCTION 

-(S) 10V RANGE 



4.26kn 



f24) Vol 



\S) ANALOG COMMON 
RESISTOR TOLERANCES ±25% 



FIGURE 7. Output Amplifier Voltage Range Scaling 
Circuit. 
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Table IV. Output Range Connections. 



Output 
Range 


Digital 
Input Codes 


Connect 
Pin 25 To 


Connect 
Pin 27 To 


to +10V 

±5V 

±10V 


USB 

BOB or BTC 

BOB or BTC 


24 
24 
NC 


23 
26 
26 



APPLICATIONS 

MICROCOMPUTER BUS INTERFACING 

The D ACS 11 interface logic allows easy interface mic ro- 
computer bus structures. The control signal WR is 
derived from external device select logic and the I/O 
Write or Memory Write (depending upon the system 
design) signals from the microcomputer. 
The latch enable Hnes Na, Nb, Nc and. LDAC determine 
which of the latches are enabled. It is permissible to 
enable two or more latches simultaneously as shown in 
some of the following examples. 

The double-buffered latch permits data to be loaded 
into the input latches of several DACSll's and later 
strobed into the D/A latch of all D/A's simultaneously 
updating all analog outputs. All the interface schemes 
shown below use a base address decoder. If blocks of 
memory are unused, the base address decoder can be 
simplified or eliminated altogether. For instance if half 
the memory space is unused, address line A15 of the 
microcomputer can be used as the chip select control. 

4-BIT INTERFACE 

An interface to a 4-bit microcomputer is shown in Figure 
8. Each DAC811 occupies four address locations. 
A 74LS139 provides the two to four decoder and selects 
these with the base address. Memory Write (WR) of the 




microcomputer is connected directly to the WR pin of 
the D ACS 11. A S205 decoder is an alternative device to 
use instead of the 74LS139. 

8-BIT INTERFACE 

The control logic of D ACS 11 permits interfacing to 
right- or left-justified data formats illustrated in Figure 
9. When a 12-bit D/A converter is loaded from an 8-bit 
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FIGURE 9. 12-Bit Data Formats for S-Bit Systems. 

bus, two bytes of data are required. Figures 10 and 11 
show an addressing scheme for right-justified and left- 
justified data respectively. The base address is decoded 
from the high-order address bits. Ao and Ai address the 
appropriate latches. Note that adjacent addresses are 
used. For the right-justified case XIO16 loads the 8 LSB's 
and XOI16 loads the 4MSB's and simultaneously transfers 
input latch data to the D/A latch. Addresses XOO16 and 
XII16 are not used. 

Left-justified data is handled in a similar manner, shown 
in Figure 11. The D ACS 11 still occupies two adjacent 
locations in the microcomputer's memory map. 

INTERFACING MULTIPLE DACSH's 
IN 8-BIT SYSTEMS 

Many applications require that the outputs of several 
D/A converters be updated simultaneously such as 



FIGURE 8. Addressing and Control for 4-Bit 
Microcomputer Interface. 
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FIGURE 10. Right- Justified Data Bus Interface. 
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automatic test systems. The interface shown in Figure 12 
uses a 74LS138 decoder to decode a set of eight adjacent 
addresses to load the input latches of four DACSlTs. 
The example shows a right-justified data format. 
A ninth address using A3 causes all DACSU's to be 
updated simultaneously. If a particular D ACS II is 
always loaded last, for instance, D/A #4, A3 is not 
needed, thus saving 8 address spaces for other uses. 
Incorporate A3 into the Base Address Decoder, remove 
the inverter, connect the common LDAC line to Nc of 
D/A #4, and connect Gl of the 74LS138 to +5V. 




FIGURE 11. Left- Justified Data Bus Interface. 
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FIGURE 12. Interfacing Multiple DAC Sll's to 
an 8-Bit Bus. 

12- AND 16-BIT MICROCOMPUTER INTERFACE 

For this application the input latch enable lines, Na, Nb, 
Nc are tied low, causing the latches to be transparent. 
The D/A latch, and therefore DAC 811, is selected by the 
address decoder and strobed by WR. 
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BURR -BROWN® 



DAC1200KP^V 




Integrated Circuit 

12-Bit Resolution 

DIGITAL-TO-ANALOG CONVERTER 



FEATURES 

• COMPLETE D/A CONVERTER: 

INTERNAL REFERENCE 

±10V OUTPUT OPERATIONAL AMPLIFIER 

• ±1/2LSB LINEARITY ERROR 

• MONOTONICITY GUARANTEED O^'C TO +70° C 

• SETTLING TIME 7//S. MAX 

• ±12V to ±15V POWER SUPPLY OPERATION 

• 24-PIN MOLDED PLASTIC DIP 

• LOWEST COST 12-BIT DAC 



COMMON 
SUMMING JUNCTION 




LOGIC SUPPLY 



DESCRIPTION 

The low price of DAC1200KP-V makes this 12-bit 
resolution D/A converter the best value available 
for commercial applications. 

The D AC1200 offers TTL input compatibility, guar- 
anteed monotonicity over 0°C to -f70°C and settling 
time of 7/usec maximum. It comes complete with 
internal reference and output operational amplifier. 
This precision component is made possible using 
Burr-Brown's proprietary monolithic integrated cir- 
cuit process which has been optimized for converter 
circuits. A stable subsurface reference zener, laser- 
trimmed thin-film ladder resistors, and high speed 
current switches combine to give superior perfor- 
mance over the rated temperature range. 
DAC1200 is priced and specified for applications 
where high resolution and monotonocity are the key 
application parameters and where tightly specified 
performance over temperature is not required. 
Because of the low price, it is feasible to use a 12-bit 
D/A converter for new applications in communica- 
tions systems, control systems, medical systems, 
electronic games and personal computer peripher- 
als. 
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SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 



ELECTRICAL 

Typical at +25°C and ±Vcc = 12V or 15V, Vdd = +5V unless otherwise 
noted 



MODEL 


DAC1200KP-V 


UNITS 


INPUTS 1 


DIGITAL INPUTS 






Input Code"' 


CSB, COB 




Resolution 


12 


Bits 


Digital Logic Inputs'^'. 






ViH, mm to max 


+2.4 to +Vdd 


V 


ViL, min to max 


to +0.8 


V 


liH, Vi = +2.7V, max 


+20 


M 


l,u V, = +0.4V, max 


-400 


//A 


TRANSFER CHARACTERISTICS | 


ACCURACY 






Linearity Error, max'^' 


±0.018 


% of FSR'^' 


Differential Linearity Error, max 


±0 024 


% of FSR 


Gam Error, max"""' 


±0 3 


% 


Unipolar Offset Error""^' 


±20 


mV 


Bipolar Offset Error, max""" 


±40 


mV 


Monotonicity Over CO to +70°C'" 


12 


Bits 


Sensitivity of Gain to Power 






Supply Variations: 






+Vcc and -Vcc 


±0 003 


% of FSR/%Vcc 


Vdd 


±0 0002 


% of FSR/%Vdd 


TEMPERATURE COEFFICIENTS 






Gain 


±10 


ppm/°C 


Bipolar Offset 


±8 


ppm of FSR/°C 


SETTLING TIME to ±0.012% 






ofFSR""' 






20V Step and 2kn Load, max 


7 


/isec 


OUTPUT 1 


ANALOG OUTPUT 






Voltage Range, min 


±2.5, ±5, ±10, 

+6, +10 


V 


Current, mm'"""' 


±5 


mA 


Impedance 


0.05 


Q 


REFERENCE OUTPUT 






Voltage"^" 


+6.3 


Vdd 


Source Current Available 






for External Loads, max 


+1 5 


mA 


Temperature Coefficient 


±10 


ppm/°C 


POWER SUPPLY REQUIREMENTS | 


RATED VOLTAGE 






+Vcc/-Vcc"*' 


+15/-15 


V 


Vdd"" 


+5 


V 


CURRENT (no load), max"*' 






+Vcc/-Vcc 


+12/-25 


mA 


Vdd 


+10 


mA 


TEMPERATURE RANGE | 


For parameters specified 






over temp, mm to max 


to +70 


"C 


Storage, min to max 


-60 to +100 


"C 



NOTES- (1) CSB = Complementary Straight Binary (unipolar), COB = 
Complementary Offset Binary (bipolar). (2) Digital inputs are TTL- 
compatible for Vdd over the range of +4 5V to +Vcc. Digital input specs are 
guaranteed over 0°C to +70°C. These specs are tested at 25°C only 
(3) ±0.018% of FSR IS 3/4LSB at 12 bits. (4) FSR means Full Scale 
Range and is 20V for a ±10V range. (5) Adjustable to zero with external 
potentiometer. (6) Adjusting the Gain Adjust potentiometer rotates the 
transfer function about OV for unipolar operation and about minus full 
scale (-FS) for bipolar operation (7) Error at input code FFFh for 
unipolar operation (output at OV). (8) Error at input code FFFh for 
bipolar operation (output at minus full scale, -FS) (9) Guaranteed. 
Tested at 25*'C only. (10) Guaranteed. Not tested (11) For operation 
with supply voltages of less than ±13V, load current must be limited to 
1mA. (12) Output may be indefinitely shorted to Common without damage 
(13) Tolerance is ±5%. (14) Range of operation is ±11.4V to ±16 5V. 
(15) Vdd may be operated up to +Vcc Digital input logic threshold remains 
at +1.4V over the Vdd range. (16) Typical power supply currents are about 
70% of the maximum. 



+Vcc to Common to +18V 

-Vcc to Common to -18V 

Vdd to Common to +7V 

Digital Inputs (pins 1—12) to Common -0.4V to +18V 

External Voltage Applied to Range Resistors ±12V 

REF OUT Indefinite short to Common 

External Voltage Applied to Analog Output -5V to +5V 

Power Dissipation lOOOmW 

Operating Temperature to +70°C 

Storage Temperature -60°C to +100°C 



NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. Exposure to absolute 
maximum conditions for extended periods may affect device reliability 

PIN ASSIGNMENTS 



Pin 


Description 


Pin 


Description 


1 


Bit 1 (MSB) 


13 


Logic Supply, Vdd 


2 


Bit 2 


14 


-Vcc 


3 


Bit 3 


15 


VOUT 


4 


Bit 4 


16 


Reference Input 


5 


Bits 


17 


Bipolar Offset 


6 


Bite 


18 


10V Range 


7 


Bit 7 


19 


20V Range 


8 


Bits 


20 


Summing Junction 


9 


Bit 9 


21 


Common 


10 


Bit 10 


22 


+Vcc 


11 


Bit 11 


23 


Gam Adjust 


12 


Bit 12 (LSB) 


24 


6 3V Reference Out 



CONNECTION DIAGRAM 






Output Voltage Range Connections | 


Output 


Digital 


Connect 


Connect 


Connect 


Connect 


Range 


Input Codes 


Pin 15 to 


Pin 17 to 


Pin 19 to 


Pin 16 to 


±10 


COB 


19 


20 


15 


24 


±5 


COB 


18 


20 


NC 


24 


±2 5V 


COB 


18 


20 


20 


24 


OtO+lOV 


CSB 


18 


21 


NC 


24 


to +5V 


CSB 


18 


21 


20 


24 



NOTES. (1) Pin 16 is used only to connect the bipolar offset resistor An 
external reference voltage may not be used. (2) If connected to +Vcc, 
which is permissible, power dissipation increases 75mWtyp, lOOmW max. 
(3) Values shown are for ±15V supplies For supplies below ±13 5V use 
2 7M0 m place of 3 OMQ and 7 5M0 in place of lOMO 
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MECHANICAL 



^^^^^^^^^^^^ 



) o 



o 



x" 



VTPTTPTPTPTTPTVTT 



NOTE 

Leads in true posi- 
tion within 010" 
(0 25mm) R at 
MMC at seating 
plane 




^:^ 



Dim 


IN( HfS 


MiLLlMt'fHS 1 


MIN 


MAX 


MIN 


MA« 


A 


1.233 


1.283 


31.32 


32.58 


B 


.538 


575 


13 67 


14 61 


C 


.169 


.224 


4.28 


5.68 





015 


.023 


0.38 


0.68 


F 


.043 


.062 


1.09 


1.57 


G 


100 BASIC 


2.54 BASIC 1 


H 


.030 


080 


0.76 


2 28 


J 


.008 


.015 


0.20 


38 


K 


.100 


.132 


2.64 


3 35 


L 


.600 BASIC 


15.24 BASICl 


M 


0« 


15« 


0° 


15° 


N 


018 


022 


46 


0.56 



CASE Plastic 
MATING CONNECTOR 

0245MC 
WEIGHT 3.7 grams 

(013oz ) 



INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

Decoupling: For optimum performance and noise rejec- 
tion, power supply decoupling capacitors should be 
added as shown in the Connection Diagrams. These 
capacitors (1/xF to 10/xF tantalum) should be located 
close to the DAC1200. 

±12V OPERATION 

The DAC1200 is fully specified for operation on ±12V 
power supplies. However, to use the ±10V and to +10V 
ranges of the voltage output models, the power supplies 
must be ±13V or greater. All other voltage output ranges 
and all current output ranges provide satisfactory opera- 
tion with ±11.4V supplies. The supplies should be bal- 
anced to obtain optimum performance. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and Gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these potenti- 
ometers as shown in the connection diagrams and adjust 
as described below. TCR of the potentiometers should 
be 100ppm/°C or less. The 3.9Mn and lOMH resistors 
(20% carbon or better) should be located close to the 
DAC1200 to prevent noise pick-up. For operation with 



supplies of less than ±13. 5V, use 2.7Mn and T.SMH 
resistors in place of the 3.9Mn and lOMH resistors, 
respectively. If it is not convenient to use these high 
value resistors, an equivalent "T" network, as shown in 
Figure 1, may be substituted in each case. The Gain 
Adjust (pin 23) is a high impedance point and a 0.001/xF 
to O.OljuF ceramic capacitor should be connected from 
this pin to Common (pin 21) to reduce noise pick-up. 
Figures 2 and 3 illustrate the relationship of Offset and 
Gain adjustments to unipolar and bipolar D/A conver- 
ter output. 



7.5MO OR 10MO 



2.7MQ OR 3.9MQ 



270k{l 270ka 



0-^^^r■^^^^^r-o 
I lOkn 

IBOkd — i80k(l 
Z 15kQ 



FIGURE 1. Equivalent Resistances. 



■^FULL SCALE 



1LSB 



RANGE OF ^ 
OFFSET ADJ. 



11 



,--^ RANGE OF 
^/^^ GAIN AOJ. 



ALL BITS 
LOGIC 1 






OFFSET ADJ. 
TRANSLATES ^ — 
THE LINE I 



ly 



.^^ 



GAIN ADJ. 
ROTATES 
THE LINE 

M ill 



/ ALL BITS 
y LOGIC 



DIGITAL INPUT 



FIGURE 2. Relationship of Offset and Gain Adjust- 
ments for a Unipolar D/A Converter. 



1LSB 



+FULL 



ALL BITS 
LOGIC 1 




ALL BITS 
LOGIC 



OFFSET 



FIGURE 3. Relationship of Offset and Gain Adjust- i 
ments for a Bipolar D/A Converter. 

Offset Adjustment: For unipolar (CSB) configurations, 
apply the digital input code that should produce zero 
potential output and adjust the Offset potentiometer for 
zero output. 

For bipolar (COB, CTC) configurations, apply the digi- 
tal input code that should produce the maximum nega- 
tive output voltage and adjust the Offset potentiometer 
for minus full-scale voltage. Example: If the Full Scale 
Range is connected for 20V, the maximum negative out- 
put voltage is — lOV. See Table I for corresponding 
codes. Offset should be adjusted before gain. 
Gain Adjustment: For either unipolar or bipolar config- 
urations, apply the digital input that should give the 
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maximum positive voltage output. Adjust the Gain 
potentiometer for this positive full-scale voltage. See 
Table I for positive full-scale voltages. 

TABLE I. Digital Input/ Analog Output. 



Digital input 


Anatog Output | 


MSB LSB 
i I 
000000000000 
011111111111 
100000000000 

111111111111 

One LSB 


to + 10V 


±10V 


+9 9976V 

+5 OOOOV 

+4 9976V 

OOOOV 

2 44mV 


+9 9951V 
OOOOV 

-0 0049V 

-10 0000V 

4 88mV 



To obtain values for other ranges 
to +5V range: divide to +10V range values by 2 
±5V range divide ±10V range values by 2 
±2 5V range divide ±10V range values by 4. 
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BURR-BROWN® 



DAC1201KP.V 




Monolithic l\/licroprocessor-Compatible 

12-Bit Resolution 
DIGiTAL-TO-ANALOG CONVERTER 



FEATURES 

• COMPLETE D/A CONVERTER: 

INTERNAL REFERENCE 

±10V OUTPUT OPERATIONAL AMPLIFIER 

• MICROPROCESSOR INTERFACE LOGIC FOR A 4-. 
12- OR 16-BIT BUS 

• MONOTONICITY GUARANTEED O^C to +70' C 

• SETTLING TIME Ifjis, MAX 

• ±12V to ±15V POWER SUPPLY OPERATION 

• 28-PIN MOLDED PLASTIC DIP 

• LOWEST COST BUFFERED 12-BIT DAC 



DESCRIPTION 



4-MSBs 



4LSBS 



"^^^" ^^^ ^>^^t^ 

INPUT LATCH || IMPUTLATCH 11 IMPUT LATCH 



0/A LATCH 



:25: 



12BIT 0/A CONVERTER 



\—!!k^ 



VOLTAGE 
REFERENCE 




BPO 



The low price of DAC1201KP makes this 12-bit reso- 
lution D/A converter the best value available for 
commercial applications requiring a microprocessor 
interface. 

The DAC1201 features microprocessor interface 
logic, TTL input compatibility, guaranteed mono- 
tonicity over 0°C to +70°C and settling time of 7/xs 
maximum. 

The interface logic is partitioned in 4-bit nibbles 
permitting 4-, 8-, 12- and 16-bit bus interface connec- 
tions for right- or left-justified input words. Dual 
rank latches permit flexible timing operations for 
microprocessor control of the DAC1201. 
This precision component is made possible using 
Burr-Brown's proprietary monolithic integrated cir- 
cuit process which has been optimized for converter 
circuits. A stable subsurface reference zener, laser- 
trimmed thin-film ladder resistors, and high speed 
current switches combine to give superior perfor- 
mance over the rated temperature range. 
DAC 1201 is priced and specified for applications 
where high resolution and monotonocity are the key 
application parameters and where tightly specified 
performance over temperature is not required. 
Because of the low price, it is feasible to use this 
12-bit D/A converter for new applications in com- 
munications systems, electronic controllers, medical 
instrumentation, electronic games and personal com- 
puter peripherals. 
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SPECIFICATIONS 

ELECTRICAL 

Typical at -l-25°C and ±Vcc = 12V or 15V, Vdd = 
noted 



+5V unless otherwise 



MODEL 




1 




DAC1201KP-V 


UNITS 1 


INPUTS 1 


DIGITAL INPUTS 






Input Code"' 


USB, BOB 




Resolution 


12 


Bits 


Digital Logic Inputs'*' 






ViH, mm to max 


+2 4 to +Vcc 


V 


ViL, mm to max 


to +0.8 


V 


l,H, V, = +2 7V. max 


+20 


/iA 


liL, Vi = +0 4V, max 


±30 


//A 


TRANSFER CHARACTERISTICS | 


ACCURACY 






Linearity Error, max'^' 


±0 018 


% of FSR'* 


Differential Linearity Error, max 


±0 024 


% of FSR 


Gam Error, max"""* 


±0.3 


% 


Unipolar Offset Error""" 


±20 


mV 


Bipolar Offset Error, max""" 


±40 


mV 


Monotonicity Over CO to +70°C™' 


12 


Bits 


Sensitivity of Gain to Power 






Supply Variations- 






+Vcc and -Vcc 


±0.002 


% of FSR/%Vcc 


Vdd 


±0.006 


% of FSR/%VoD 


TEMPERATURE COEFFICIENTS 






Gam 


±10 


ppm/°C 


Bipolar Zero""' 


±6 


ppm of FSR/°C 


SETTLING TIME (to ±0.012% 






of FSR)'"' 






20V Step and 2kO load, max 


7 


/US 


OUTPUT 1 


ANALOG OUTPUT 






Voltage Range, min"*' 


±5, ±10, +10 


V 


Current, mm'"' 


±5 


mA 


Impedance 


0.2 


n 


REFERENCE OUTPUT 






Voltage"*' 


+6.3 


V 


Source Current Available 






for External Loads, max 


+1.5 


mA 


Temperature Coefficient 


±10 


ppm/"C 


POWER SUPPLY REQUIREMENTS | 


RATED VOLTAGE 






+Vcc/-Vcc""'''" 


+15/-15 


V 


Vdd"" 


+5 


V 


CURRENT (no load), max""' 






+Vcc/-Vcc 


+25/-35 


mA 


Vdd 


+15 


mA 


TEMPERATURE RANGE | 


For parameters specified 






over temp, mm to max 


to +70 


»C 


Storage, mm to max 


-60 to +100 


X 



NOTES: (1) USB = Unipolar Straight Binary, BOB = Bipolar Offset 
Binary. (2) Digital inputs are TTL-compatible for Vdd over the range of 
+4.5V to 5.5V. Digital input specs are guaranteed over 0**C to +70°C. The 
specs are tested at 25°C only. (3) ±0.018% of FSR is 3/4LSB for 12 
bits (4) FSR means Full-Scale Range and is 20V for a ±10V range. 
(5) Adjustable to zero with external potentiometer. (6) Adjusting the 
Gain Adjust potentiometer rotates the transfer function about OV for 
unipolar operation and about minus full scale (-FS) for bipolar oper- 
ation. (7) Error at input code OOOh for unipolar operation (output at 
OV). (8) Error at input code OOOh for bipolar operation (output at minus 
full scale, -FS). (9) Guaranteed Tested at 25X only. (10) Drift at OV 
output for bipolar operation (input code IOOh). (11) Guaranteed. Not 
tested. (12) Minimum supply voltage required for ±10V output swing 
±13.5V. Output swing for ±11.4V supplies is at least -8V to +8V. 

(13) Output may be indefinitely shorted to Common without damage. 

(14) Tolerance is ±5%. (15) The maximum voltage separation between 
ACOM and DOOM without affecting accuracy is ±0.5V. (16) Range 



of operation is ±11 4V to ±16.5V. (17) Range of operation is +4.5V to 
+5.5V. (18) Typical power supply currents are approximately 70% of 
the maximum. 

ABSOLUTE MAXIMUM RATINGS 



+VcctoACOM 0to+18V 

-Vcc to ACOM to -18V 

Vdd to DOOM to +7V 

Vdd to ACOM ±7V 

ACOM to DOOM ±7V 

Digital Inputs (pins 2-14, 16-19) to DOOM -0 4V to +18V 

External Voltage Applied to 10V Range Resistor ±12V 

REF OUT Indefinite short to ACOM 

External Voltage Applied to Analog Output -5V to +5V 

Power Dissipation lOOOmW 

Operating Temperature 0°C to +70°C 

Storage Temperature -eO'C to +100°C 



NOTE Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device Exposure to absolute maxi- 
mum conditions for extended penods may affect device reliability 

MECHANICAL 




-Pin 1 




Seating Plane 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1400 


1460 


35 56 


37 08 


B 


530 


575 


13 46 


13 67 


C 


169 


224 


4 29 


5 70 


D 


015 


023 


38 


58 


F 


043 


065 


109 


1 65 


G 


100 BASIC 


2 54 BASIC 1 


H 


030 


090 


76 


2 29 


J 


008 


015 


20 


38 


K 


100 


136 


2 54 


3 46 


L 


600 BASIC 


15 24 BASIC 1 


M 


0° 


15° 


0° 


15° 


N 


, 018 


022 


46 


56 




NOTE Leads in t^ue position 
within 010" (0 25mm) Rat 
MMC at seating plane 
CASE Plastic 
MATING CONNECTOR 

2803MC 
WEIGHT 4 3gm (0 ISoz) 
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TIMING DIAGRAMS 



(LOAD FIRST RANK FROM DATA BU 

La 


S: LDAC 

~"tAW 


= 11 






1 










CNTR^ ^ 




X 




-• tow- 






DBn-DBo 


)i 


l¥ 1 


WR 






7 


toH 


Write Cycle #1 


\ 


^1 


^ 


f 






WP ^ 



(LOAD SECOND RANK FROM FIRST RANK: NZ. NT. N 



LDAC 



\ 



WR 



■^. 



Write Cycle #2 



/ 




±1/2LSB 



Drgital Interface Timing Over Temperature Range 
twp. WR pulse width, mm 
tAwl, Nx and LDAC valid to end of WR, mm 



PIN NOMENCLATURE 



50ns 
50ns 



tow, data valid to end of WR, mm 
toH, data valid hold time, mm 



80ns 
0ns 



PIN 


NAME 


FUNCTION 


PIN 


NAME 


FUNCTION 


1 


Vdd 


Logic Supply, +5V 


14 


D4 


DATA. Bit 5 


2 


WR 


WRITE, command signal to load latches Logic 


15 


DOOM 


DIGITAL COMMON. Voo supply return 






low loads latches 


16 


Do 


DATA. Bit 1.LSB 


3 


LDAC 


LOAD D/A CONVERTER, enables WR to load the 
D/A latch Logic low enables 


17 


Di 


DATA. Bit 2 








18 


Da 


DATA. Bit 3 


4 


Na 


NYBBLE A, enables WR to load input latch A (the 












most significant nybble Logic low enables 


19 


Da 


DATA, Bit 4 


5 


n; 


NYBBLE B, enables WR to load input latch B 


20 


+Vcc 


Analog Supply Input. +15V or +12V 






Logic low enables 


21 


-Vcc 


Analog Supply Input. -15V or -12V 


6 


Nc 


NYBBLE C, enables WR to load input latch C (the 


22 


GAIN ADJ 


To externally adjust gam 






least significant nybble) Logic low enables 


23 


ACOM 


ANALOG COMMON. ±Vcc supply return 


7 


Dii 


DATA, Bit 12, MSB, positive true 


24 


Vou. 


D/A converter voltage output 


8 


Dio 


DATA, Bit 1 1 


25 


10V RANGE 


Connect to pin 24 for 10V Range 


9 


Dg 


DATA. Bit 10 


26 


SJ 


SUMMING JUNCTION of output amplifier 


10 


Da 


DATA, Bit 9 


27 


BPO 


BIPOLAR OFFSET Connect to pin 26 for Bipolar 


11 


D7 


DATA, Bit 8 






Operation 


12 


De 


DATA. Bit 7 


28 


REF OUT 


6 3V reference output 


13 


Ds 


DATA. Bit 6 









MSB LSB 

Oil DO 07 04 03 00 

0X5®® Ci)® © (14) ® ® ® ® 



/O ■ ^rV l 4-BIT LATCti.i i H 4-BIT LATCH.I p lVBIT LATCH.i 



REF 
OUT 

® 



NB — 
NC 



ill 



Rbpo 



12-BIT 0/A LATCH 



|— I 12-BIT 0/A t 

I 1 REFERENCE |- 




^-li 



BPO 
@ 
SJ 
@ 

@ 

10V 
RANGE 

® 

VOUT 

@ 



OPERATION 

INTERFACE LOGIC 

Input latches A, B, and C hold data temporarily while a 
complete 12-bit word is assembled before loading into 
the D/A register. This double-buffered organization 
prevents the generation of spurious analog output values. 
Each register is independently addressable. 

These input latches are controlled by Na, Nb, Nc and 
WR. N^, Wb, and N^ are internally NORed with WR so 
that the input latches transmit data when both Na (or 
Nb, Nc) and WR are at logic "0". When either Na (or Nb, 
Nc) or WR go to logic "1", the input data is latched into 
the input registers and held until both Na (or N^, Nc) 
and WR go to logic "0". 



FIGURE 1. DAC1201 Block Diagram. 



The D/A latch is controlled by LDAC and WR. LDAC 
and WR are internally NORed so that the latches 
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transmit data to the D/A switches when both LDAC 
and WR are at logic "0" When either LDAC or WR are 
at lo gic "P; t he data is latched in the D/A latch and held 
until LDAC and WR go to logic "0". 

All latches are level-triggered. Data present when the 
control signals are logic "0" will enter the latch. When 
any one of the control signals returns to logic "1" the 
data is latched. A truth table for all latches is given in 
Table L 

TABLE L DAC1201 Interface Logic Truth Table. 



WR 


Na 


Nb 


Nc 


LDAC 


Operation 


1 


X 


X 


X 


X 


No Operation 








1 


1 


1 


Enables Input Latch 4MSBs 





1 





1 


1 


Enables Input Latch 4 Middle Bits 





1 


1 





1 


Enables Input Latch 4LSBs 





1 


1 


1 





Loads D/A Latch From Input Latches 

















All Latches Transparent 



"X" = Don't Care. 



GAIN AND OFFSET ADJUSTMENTS 

Figures 2 and 3 illustrate the relationship of Offset and 
Gain adjustments to unipolar and bipolar D/A conver- 
ter output. 
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FIGURE 2. Relationship of Offset and Gain Adjust- 
ments for a Unipolar D/A Converter. 
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FIGURE 3. Relationship of Offset and Gain Adjust- 
ments for a Bipolar D/A Converter. 

OFFSET ADJUSTMENT 

For unipolar (USB) configurations, apply the digital 
input code that should produce zero voltage output and 
adjust the Offset potentiometer for zero output. For 
bipolar (BOB, BTC) configurations, apply the digital 
input code that should produce the maximum negative 
output voltage and adjust the Offset potentiometer for 
minus full-scale voltage. Example: If the full-scale range 



is connected for 20V, the maximum negative output 
voltage is — lOV. See Table II for corresponding codes. 

TABLE II. Digital Input/ Analog Output, ±Vcc = ±15V. 



Digital Input 


Analog Output | 


12-Bit Resolution 
MSB LSB 
\ 1 
111111111111 
100000000000 
011111111111 
000000000000 
1LSB 


to + 10V 


±5V 


±10V 


+9 9976V 

+5 OOOOV 

+4 9976V 

O.OOOOV 

2 44mV 


+4.9976V 

O.OOOOV 

-0.0024V 

-5 OOOOV 

2 44mV 


+9 9951V 
OOOOV 

-0 0049V 

-10 OOOOV 

4 88mV 



GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive volt 
age output. Adjust the Gain potentiometer for this posi- 
tive full-scale voltage. See Table II for positive full-scale 
voltages. 

±12V OPERATION 

The DAC1201 is fully specified for operation on ±12V 
power supplies. However, in order for the output to 
swing to ±10V, the power supplies must be ±13. 5V or 
greater. When operating with ±12V supplies, the output 
swing should be restricted to ±8V in order to meet speci- 
fications. 

INSTALLATION 

POWER SUPPLY CONNECTIONS 

Decoupling: For optimum performance and noise rejec- 
tion, power supply decoupling capacitors should be 
added as shown in the Connection Diagram, Figure 4. 
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FIGURE 4. Power Supply, Gain, and Offset 
Potentiometer Connections. 
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These capacitors (l/uF to lO/xF tantalum recommended) 
should be located close to the DAC1201. 
The DAC1201 features separate digital and analog power 
supply returns to permit optimum connections for low 
noise and high speed performance. The Analog Com- 
mon (pin 23) and Digital Common (pin 15) should be 
connected together at one point. Separate returns min- 
imize current flow in low-level signal paths if properly 
connected. Logic return currents are not added into the 
analog signal return path. A ±0.5V difference between 
ACOM and DCOM is permitted for specified operation. 
High frequency noise on DCOM with respect to ACOM 
may permit noise to be coupled through to the analog 
output; therefore, some caution is required in applying 
these common conections. 

The Analog Common is the high quality return for the 
D/A converter and should be connected directly to the 
analog reference point of the system. The load driven by 
the output amplifier should be returned to the Analog 
Common. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and Gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these poteiiti- 
ometers as shown in Figure 4. TCR of the potentiome- 
ters should be 100ppm/°C or less. The LOMO and 
3.9Mn resistors (20% carbon or better) should be located 
close to the DAC1201 to prevent noise pick-up. If it is 
not convenient to use these high value resistors, and equi- 
valent "T" network, as shown in Figure 5, may be substi- 
tuted in each case. The Gain Adjust (pin 22) is a high 
impedance point and a 0.001/liF to 0.01/xF ceramic capaci- 
tor should be connected from this pin to Analog Com- 
mon to reduce noise pick-up in all applications, includ- 
ing those not employing external gain adjustment. 

OUTPUT RANGE CONNECTIONS 

Internal-scaling resistors provided in the DAC1201 may 
be connected to produce bipolar output voltage ranges 
of +10V and +5V or unipolar output voltage range of 



to +10V. The 20V range (±10V bipolar range) is inter- 
nally connected. Refer to Figure 6. Connections for the 
output ranges are listed in Table III. 
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FIGURE 5. Equivalent Resistances. 
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FIGURE 6. Output Amplifier Voltage Range ScaHng 
Circuit. 

TABLE III. Output Range Connections. 
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Pin 25 To 
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BURR -BROWN 





DAC1600 



FOR COMMERCIAL APPLICATIONS 



Monolithic 

16-Bit Resolution 

DIGITAL-TO-ANALOG CONVERTER 



FEATURES 

• COMPLETE D/A CONVERTER: 

INTERNAL REFERENCE 

±10V OUTPUT OPERATIONAL AMPLIFIER 

• 14-BIT ACCURACY (K GRADE): 

±0.003% FSR LINEARITY ERROR 
14-BIT MONOTONICITY GUARANTEED O'C to 
+70°C 

• SETTLING TIME 10a/S, MAX 

• ±15V POWER SUPPLY OPERATION 

• 24-PIN MOLDED PLASTIC DIP 



DESCRIPTION 

The low prices of DAC1600JP and DAC1600KP 
make these very-high resolution D/A converters the 
best value available. 



The DAC1600 family offers TTL input compatibil- 
ity, guaranteed monotonicity (13-bit, J grade; 14-bit, 
K grade) over 0°C to +70°C and settling time of 
lOjusec maximum. 

This precision component is made possible using 
Burr-Brown's proprietary monolithic integrated cir- 
cuit process which has been optimized for converter 
circuits. A stable subsurface reference zener, laser- 
trimmed thin-film ladder resistors, and high speed 
current switches combine to give superior perfor- 
mance over the rated temperature range. 

The D AC 1600 is priced and specified for applica- 
tions where high resolution and monotonocity are 
the key application parameters and where tightly- 
specified performance over temperature is not 
required. Because of the low price, it is feasible to 
use a 16-bit D/A converter for new applications in 
communications systems, electronic controllers, elec- 
tronic games, and personal computer peripherals. 



DIGITAL 
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16-BIT 
LADDER 
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AND 
CURRENT 
SWITCHES 



REFERENCE 
CIRCUIT 




REFERENCE OUTPUT 



SUMMING JUNCTION 
COMMON 




- GAIN ADJUST 
~~Vcc 
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SPECIFICATIONS 

ELECTRICAL 

Typical at +25"'C. ±Vcc = 15V, Vdd = +5V unless otherwise noted. 



ABSOLUTE MAXIMUM RATINGS 



MODEL 1 DAC1600JP-V { DAC1600KP-V { UNITS 


INPUTS 


DIGITAL INPUTS 








Input Code"' 


COB 






Resolution, max 


16 




Bits 


Digital Logic Inputs'^' 








ViH, mm to max 


+2 4 to +Vdd 




V 


ViL, mm to max 


-1.0 to +0 8 




V 


l,H, Vi = +2 7V, max 


+40 




//A 


liL, Vi = +0.4V, max 


-0 5 


* 


mA 


TRANSFER CHARACTERISTICS | 


ACCURACY 








Linearity Error, max'^' 


±0 006 


±0 003 


%ofFSR"" 


Differential Linearity Error, 








max 


±0 012 


±0.006 


% of FSR 


Gam Error, max""®' 


±0 3 


* 


% 


Bipolar Zero Error, max'" 


40 




mW 


Monotonicity Over 0°C to 








+70°C''' 


13 


14 


Bits 


Sensitivity of Gam to Power 








Supply Vanations 








±Vcc 


±0.002 




% of FSR/%Vcc 


Vdd 


±0 0002 




% of FSR/%Vdd 


TEMPERATURE 








COEFFICIENTS 








Gam 


±10 




ppm/'C 


Bipolar Zero 


±5 




ppm of FSR/°C 


SETTLING TIME (to ±0 003% 








of FSR)*', 10V step and 2kO 








load, max 


10 




//sec 


OUTPUT 1 


ANALOG OUTPUT 








Voltage Range, mm 


±10 


* 


V 


Current, mm'* 


±5 




mA 


Impedance 


015 







REFERENCE OUTPUT 








Voltage'^"' 


+6 3 




V 


Source Current Available 








for External Loads, max 


+15 




mA 


Temperature Coefficient 


±10 




ppm/°C 


POWER SUPPLY REQUIREMENTS | 


RATED VOLTAGE 








±Vcc'"' 


15 




V 


Vod'^^' 


+5 




V 


CURRENT, max'"' 








±Vcc 


35 




mA 


Vdd 


8 




mA 


TEMPERATURE RANGE | 


For parameters specified 








over temp, mm/max 


to +70 




°C 


Storage, mm/max 


-60 to +100 




°C 



NOTES (1) COB = Complementary Offset Bmary (2) Digital inputs 
are TTL-compatible for Vdd over the range of +4 5V to +Vcc Digital input 
specs are guaranteed over 0°C to +70°C These specs are tested at 25°C 
only (3) ±0 003% of FSR is 1/2LSB at 14 bits (4) FSR means Full 
Scale Range and is 20V for a ±10V range (5) Adjustable to zero with 
external potentiometer. (6) Adjusting the gain potentiometer rotates the 
transferfunction around BipolarZero,OV (Input Code 7FFFh) (7) Guar- 
anteed Tested at 25°C only (8) Guaranteed Not tested (9) Output 
may be indefinitely shorted to Common without damage (10) Tolerance 
is ±5% (11) Range of operation is ±13 5V to ±16 5V (12) Vdd may be 
operated up to +Vcc. Digital input logic threshold remains at +1 4V over 
the Vdd range (13) Typical power supply currents are about 50% of the 
maximum 



+Vcc to Common OV, +18V 

-Vcc to Common OV, -18V 

Vdd to Common OV, +18V 

Digital Data Inputs to Common -IV, +18V 

Reference Out to Common Indefinite Short to Common 

External Voltage Applied to D/A Output -5V to +5V 

VouT Indefinite Short to Common 

Power Dissipation lOOOmW 

Storage Temperature -60»C to +100''C 

NOTE: Stresses above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. Exposure to 
absolute maximum conditions for extended periods may affect 
device reliability. 



MECHANICAL 
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NOTE: 

Leads in true position within .010" 

(.25mm) R at MMC at seating plane 



DIM 


INCHES 


MILLIMETERS 1 


MIN 


MAX 




MAX 




i.ass 


1.2*3 


31.32 


32 68 


B 


.e»s 


878 


13.67 


14.61 


c 


.169 


.2t4 


4.20 


8.70 




018 


023 


AM 


0.86 


1= 


.04» 


.062 


1.08 


1.67 





100 BASIC 


2 84 BASIC 




030 


060 


76 


2 29 




.006 


.018 


20 


36 




.100 


132 


2 64 


3 38 


L 


.600 BASIC 


16 24 BASIC 




0* 18* 


0« 16' 
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016 022 


46 86 
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CONNECTION DIAGRAM 




NOTES 

1 Can be tied to +Vcc 
instead of having sep- 
arate Vdd supply 

2 Decoupling capacitors 
are l^/F to 10//F 

3 Potentiometers are 
lOkn to lOOkn 



ORDERING INFORMATION 
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Linearity Error & 
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DAC1600KP-V 
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PIN ASSIGNMENTS 



Pin 




Pin 


Dfttcription 


1 


Bit 1 (MSB) 


13 


Bit 13 


2 


Bit 2 


14 


Bit 14 


3 


Bit 3 


15 


Bit 15 


4 


Bit 4 


16 


Bit 16 (LSB) 


5 


Bits 


17 


VOUT 


6 


Bite 


18 


Vdd 


7 


Bit 7 


19 


-Vcc 


8 


Bits 


20 


Common 


9 


Bit 9 


21 


Summing Junction (Zero Adjust) 


10 


Bit 10 


22 


Gam Adjust 


11 


Bit 11 


23 


+Vcc 


12 


Bit 12 


24 


+6 3V Reference Output 



OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. 1/xF to lO/uF tantalum 
capacitors should be located close to the D/ A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external 
zero and gain potentiometers. Connect these potenti- 
ometers as shown in the Connection Diagram and adjust 
as described below. TCR of the potentiometers should 
be 100ppm/°C or less. The 3.9Mn and 270kn resistors 
(±20% carbon or better) should be located close to the 
D/ A converter to prevent noise pickup. If it is not con- 
venient to use these high-value resistors, an equivalent 
"T" network, as shown in Figure 1, may be substituted in 
place of the 3.9Mn part. A O.OOl/xF to O.Ol/xF ceramic 
capacitor should be connected from Gain Adjust to 
Common to prevent noise pickup. See Figure 2 for rela- 
tionship of zero and gain adjustment. 




FIGURE 1. Equivalent Resistances. 

Zero Adjustment 

Apply the digital input code that produces zero output 
voltage or current. See Table I for corresponding codes 
and the Connection Diagram for zero adjustment circuit 
connections. Zero calibration should be made before 
gain caUbration. 

Gain Adjustment 

Apply the digital input that gives the maximum positive 
output voltage. Adjust the gain potentiometer for this 
positive full scale voltage. See Table I for positive full 
scale voltages and the Connection Diagram for gain 
adjustment circuit connections. 
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FIGURE 2. Relationship of Zero and Gain Adjustment. 



TABLE I. Calibration Table. 



Digital input 


Description 


Analog Output | 


16-bit 


15-bit 


15-bit 


One LSB 
OOOOh 
7FFFh 
FFFFh 


One LSB 
+ Full Scale 
Bipolar Zero 
- Full Scale 


305/iV 
+9 99960V 

OV 
-10.00000V 


610A/V 

9 99939V 

OV 

-10 00000V 


1224//V 
+9 99878V 

OV 
-10.00000V 



INSTALLATION 
CONSIDERATIONS 

This D/ A converter family is laser-trimmed to 14-bit Un- 
earity. The design of the device makes the 16-bit resolu- 
tion available. If 16-bit resolution is not required, bit 15 
and bit 16 should be connected to Vdd through a single 
Ikn resistor. 

Due to the extremely-high resolution and linearity of the 
D/ A converter, system design problems such as ground- 
ing and contact resistance become very important. For a 
16-bit converter with a 20V full-scale range, ILSB is 
305mV. With a load current of 5mA, series wiring and 
connector resistances of only 60mn will cause the output 
to be in error by ILSB. To understand what this means in 
terms of a sytem layout, the resistance of #23 wire is 
about 0.02in/ft. Neglecting contact resistance, less than 
18 inches of wire will produce a 1/2LSB error in the 
analog output voltage! 

In Figure 3 lead and contact resistances are represented 
by Ri through R3. As long as the load resistance Rl is 
constant, Ri simply introduces a gain error and can be 
removed during initial calibration. R2 is part of Rl, if the 
output voltage is sensed at Common, and therefore 
introduces no error. Rl should be located as close as 
possible to the D/ A converter for optimum performance. 
The effect of R3 is negligible. 
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In many applications it is impractical to sense the output 
voltage at the output pin. Sensing the output voltage at 
the system ground point is permissible with the DAC1600 
family because the D/ A converter is designed to have a 
constant return current of approximately 2mA flowing 
from Common. The variation in this current is under 
20/LiA (with changing input codes), therefore R3 can be as 
large as 30 without adversely affecting the linearity of the 
D/A converter. The voltage drop across R3 (R3 X 2mA) 
appears as zero error and can be removed with the zero 
calibration adjustment. This alternate sensing point (the 
system ground point) is shown in Figure 3. 

The D/A converter and the wiring to its connectors 
should be located to provide optimum isolation from 
sources of RFI and EMI. The key concept in elimination 
of RF radiation or pickup is loop area; therefore, signal 
leads and their return conductors should be kept close 
together. This reduces the external magnetic field along 
with any radiation. Also, if a single lead and its return 
conductor are wired close together, they present a small 
flux-capture cross section tor any external field. This 
reduces radiation pickup in the circuit. 
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SENSE OUTPUT - 
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SUPPLY 
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+5V0C 
SUPPLY 



FIGURE 3. Output Circuit. 
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BURR-BRO>VN® 




DAC7541A 



AVAILABLE IN 
DIE FORM 



Low Cost 12-Bit CMOS 

Four-Quadrant Multiplying 

DIGITAL-TO-ANALOG CONVERTER 



FEATURES 

• FULL FOUR-QUADRANT MULTIPLICATION 

• 12-RIT END-POINT LINEARITY 

• DIFFERENTIAL LINEARITY ±1/2LSB MAX OVER 
TEMPERATURE (K/B/T GRADES) 

• MONOTONICITY GUARANTEED OVER TEMPERATURE 

• TTL-/CMOS-COMPATIBLE 

• SINGLE +5V TO +15V SUPPLY 

• LATCH-UP RESISTANT 

• 7521/7541/7541A REPLACEMENT 

• PACKAGES: HERMETIC DIP. PLASTIC DIP. 

PLASTIC SOIC 

• LOW COST 
FUNCTIONAL DIAGRAM 



DESCRIPTION 

The Burr-Brown DAC7541A is a low cost 12-bit, 
four-quadrant multiplying digital-to-analog conver- 
ter. Laser-trimmed thin-film resistors on a monolithic 
CMOS circuit provide true 12-bit integral and dif- 
ferential linearity over the full specified temperature 
ranges. 

The DAC7541A is a direct, improved pin-for-pin 
replacement for 7521, 7541, and 7541A industry 
standard parts. In addition to standard 18-pin plastic 
and hermetic ceramic packages, the DAC7541A is 
also available in a surface-mount plastic 18-pin SOIC. 



20kn < 20kQ 




-Oloi 
Olo. 



T ioko Q'° 

I — V7V. — ORi 



Bit 1 (MSB) Bit2- 



Bit 11 B.t12(LSB) 



Digital Inputs (DTL/TTL/CMOS compatible) 

Logic A switch Is closed to loun for its digital input in a "high" state. 



Switches shown for digital inputs "high" 
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SPECIFICATIONS 

ELECTRICAL 

At +25°C, +Vdd = +12V or +15V, Vref = +10V, Vpin i = Vp,n 2 



= OV unless otherwise specified 



MODEL 
PARAMETER 


DAC7541A 


TEST CONDITIONS/COMMENTS 


GRADE 


Ta = +25°C 


Ta — Tmin, Tmax 


UNITS 


ACCURACY 












Resolution 


All 


12 


12 


Bits 




Relative Accuracy 


J.A, S 


±1 


±1 


LSB max 


±1LSB = ±0 024%of FSR 




K, B, T 


±1/2 


±1/2 


LSB max 


±1/2LSB = ±0 012%of FSR 


Differential Non-lmearity 


J,A. S 


±1 


±1 


LSB max 


All grades guaranteed monotonic to 




K, B, T 


±1/2 


±1/2 


LSB max 


12 bits, Twin to Tmax 


Gam Error 


J,A, S 


±6 


±8 


LSB max 


Measured using internal Rpeand includes 




K, B, T 


±1 


±3 


LSB max 


effect of leakage current and gam T C 
Gam error can be trimmed to zero 


Gam Tennperature Coefficient 












(AGain/ATemperature) 


All 




5 


ppm/°C max 


Typical value is 2ppm/°C 


Output Leakage Current Outi (Pin 1) 


J, K 


±5 


±10 


nA max 


All digital inputs = OV 




A, B 


±5 


±10 


nA max 






S, T 


±5 


±200 


nA max 




Outz (Pin 2) 


J, K 


±5 


±10 


nA max 


All digital inputs = Vdd 




A, B 


±5 


±10 


nA max 






S.T 


±5 


±200 


nA max 




REFERENCE INPUT 












Voltage (Pin 17 to GND) 


All 


-10/+10 


-10/+10 


V min/max 




Input Resistance (Pin 17 to GND) 


All 


7-18 


7-18 


kfi mm/max 


Typical input resistance = IlkQ 
Typical input resistance temperature 
coefficient is -50ppm/°C 


DIGITAL INPUTS 












ViH (Input High Voltage) 


All 


24 


24 


V min 




ViL (Input Low Voltage) 


All 


08 


0.8 


V max 




liN (Input Current) 


All 


±1 


±1 


)uA max 


Logic inputs are MOS gates 
liNtyp(25°C) = 1nA 


CiN (Input Capacitance)'^' 


All 


8 


8 


pF max 


ViN = OV 


POWER SUPPLY REJECTION 












AGam/AVoD 


All 


±0 01 


±0 02 


% per % max 


Vdd = +11 4Vto+16V 


POWER SUPPLY 












Vdd Range 


All 


+5 to +16 


+5 to +16 


V mm to 
V max 


Accuracy is not guaranteed over this range 


Idd 


All 


2 


2 


mA max 


All digital inputs V.u or Vih 






100 


500 


n/K max 


All digital inputs OV or Vdd 



m 

O 

< 

o 



AC PERFORMANCE CHARACTERISTICS 

These characteristics are included for design guidance only and are not production tested 

Vdd = +15V, Vref = +10V except where stated, Vpin 1 = Vpin 2 = OV, output amp is OPA606 except where stated 



PROPAGATION DELAY 












(from Digital Input change to 










Outi Load = 1000, Cext = 13pF 


90% of Final Analog Output) 


All 


100 


— 


nstyp 


Digital Inputs = OV to Vdd or Vdd to OV 


DIGITAL-TO-ANALOG GLITCH 










Vref = OV, all digital inputs OV to Vdd or Vdd 


IMPULSE 


All 


1000 




nV-s typ 


to OV Measured using OPA606 as output 
amplifier 


MULTIPLYING FEEDTHROUGH 












ERROR (Vref to Outi) 


All 


1.0 


- 


mVp-p max 


Vref = ±10V, 10kHz Sine wave 


OUTPUT CURRENT SETTLING 


All 


06 


_ 


//styp 


To 01% of Full Scale Range 


TIME 










Outi load = 100Q, Cext = 13pF 




All 


10 


— 


/iS max 


Digital inputs OV to Vdd or Vdd to OV 


OUTPUT CAPACITANCE 












C0UT1 (Pin 1) 


All 


100 


100 


pF max 


Digital Inputs = Vih 


CouT 2 (Pin 2) 


All 


60 


60 


pF max 


Digital Inputs = ViH 


CouTi(Pinl) 


All 


70 


70 


pF max 


Digital Inputs = Vil 


CouT 2 (Pin 2) 


All 


100 


100 


pF max 


Digital Inputs = ViL 



NOTES (1) Temperature ranges are to +70X for JP, KP. JU and KU versions; 
SH, TH versions (2) Guaranteed by design but not production tested 



>C to +85°C for AH, BH versions, -55°C to +125°C for 
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MECHANICAL 



H Package-18-Pin Hermetic DIP 



DIM 


INCHES 


MILLIMETERS I 


MIN 


MAX 


MIN 


MAX 


A 


— 


960 


— 


24 38 


B 


220 


310 


5 59 


7 87 


C 


— 


200 


— 


5 08 


D 


014 


023 


36 


058 


F 


030 


070 


76 


178 


G 


100 BASIC 


2 54 BASIC 1 


H 


_ 


098 


_ 


2 49 


J 


008 


015 


20 


38 


K 


125 


200 


318 


5 08 


L 


290 


320 


7 37 


813 


N 


015 


080 


38 


2 03 



1 — Pin 1 Reference 


-H 




„L „ ^ „ „ „ „ 1 




'1 






♦ 

B 

1 


LJLJLJL_JLJI_JLJI_JL-J 






" 







NOTE Leads in true position 
witliin 010" ( 25mm) R at MMC at 
seatmg plane 




^^uU U 



Seating Plane 




P Package-1 8-Pin Piastic DIP 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


840 


940 


21 34 


23 88 


B 


240 


280 


610 


711 


C 


— 


210 


_ 


5 33 


D 


014 


022 , 


36 


056 


G 


100 BASIC 


2 54 BASIC 


H 


040 


060 


102 


152 


J 


008 


015 


20 


38 


K 


115 


150 


2 92 


381 . 


L 


280 


300 


711 


7 62 


M 


0° 


10" 


0' 


10° 


N 


020 


050 


51 


127 




NOTE Leads in true position 
within 010" ( 25mm) R at MMC at 
seating plane 



JUj 



U Package-1 8-Pin Plastic SOIC 



DIM 


INCHES 


MILLIMETERS I 


MIN 


MAX 


MIN 


MAX 


A 


450 


466 


1143 


1184 


Ai 


443 


446 


1125 


1133 


B 


286 


302 


7 26 


7 67 


6i 


270 


285 


6 86 


7 24 


C 


093 


108 


2 36 


2 74 


D 


015 


019 


38 


048 


G 


050 BASIC 


1 27 BASIC 1 


H 


026 


034 


066 


86 


J 


008 


012 


20 


30 


L 


390 


422 


9 91 


10 72 


M 


0° 


10° 


0" 


10» 


N 


000 


012 


00 


30 



HMMMM 



-J U- D 



Tl 

Bi B 

ii 



NOTE Leads in true position 
within 010" ( 25mm) R at MMC at 
seating plane 
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ABSOLUTE MAXIMUM RATINGS* 



Vdd (pin 16) to Ground +17V 

Vref (pin 17) to Ground ±25V 

Vrpb (pm 18) to Ground ±25V 

Digital Input Voltage (pins 4-15) to Ground . -0.4\/, Vdd 

VpiN 1, VpiN 2 to Ground -0.4V, Vdd 

Power Dissipation (any package): 

To+75°C 450mW 

Derates above +75°C -6mW/°C 

Lead Temperature (soldering, 10s) +300°C 

Storage Temperature: Ceramic Package +150°G 

Plastic Package +125°C 



♦stresses above those listed above may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device 
at these or any other condition above those indicated in the operational 
sections of this specification is not implied Exposure to absolute maxi- 
mum rating conditions for extended periods may affect device reliability 

PIN CONNECTIONS 



loUTI |T 
loUT 2 [T 


• 


18] Rfeedback 
^7} Vreference 


Ground [T 

Bit 1 (MSB) [T 

Bit2|T 

Bit3(T 




M +Vdd i8.pin Piastic DiP 
lH Bit 12 (LSB) (P Suffix) 
H] Bit 11 18-Pin Hermetic Ceramic DIP 
is] Bit 10 (H Suffix) 


Bit 4 [7 
Bit 5 [J 

BiteE 




H] Bit 9 18-Pin Plastic SOIC 
llBite (u Suffix) 
U Bit 7 









CAUTION 

The DAC7541A is an ESD (electrostatic discharge) 
sensitive device. The digital control inputs have a special 
FET structure, which turns on when the input exceeds 
the supply by 18V, to minimize ESD damage. However, 
permanent damage may occur on unconnected devices 
subject to high energy electrostatic fields. When not in 
use, devices must be stored in conductive foam or 
shunts. The protective foam should be discharged to the 
destination socket before devices are removed. 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
in the Ordering Information table. Burn-in duration is 
160 hours at the indicated temperature (or equivalent 
combination of time and temperature). 
All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-Bl" to the 
base model number. 



O 

< 

Q 



ORDERING INFORMATION 



IModel 


Package 


Temperature 
Range 


Relative 
Accuracy (LSB) 


Gain Error (LSB) 


DAC7541AJP 


Plastic DIP 


0°Cto+70°C 


±1 


±6 


DAC7541AKP 


Plastic DIP 


0°Cto+70°C 


+1/2 


±1 


DAC7541AJU 


Plastic SOIC 


0°Cto+70°C 


±1 


±6 


DAC7541AKU 


Plastic SOIC 


0''Cto+70"'C 


±1/2 


±1 


DAC7541AAH 


Hermetic DIP 


-25°Cto+85°C 


±1 


±6 


DAC7541ABH 


Hermetic DIP 


-25°Cto+85°C 


±1/2 


±1 


DAC7541ASH 


Hermetic DiP 


-55°Cto+125°C 


±1 


±6 


DAC7541ATH 


Hermetic DIP 


-55°Cto+125°C 


±1/2 


±1 


BURN-IN SCREENI 


NG OPTION 








See text for details 










Model 


Package 


Temperature 
Range 


Relative 
Accuracy (LSB) 


Burn-In Temp. 
(160 Hours)'^' 


DAC7541AJP-BI 


Plastic DIP 


0°Cto+70°C 


±1 


+85° C 


DAC7541AKP-BI 


Plastic DIP 


0°Cto+70°C 


±1/2 


+85° C 


DAC7541AJU-BI 


Plastic SOIC 


0°Cto+70°C 


±1 


+85° C 


DAC7541AKU-BI 


Plastic SOIC 


0°Cto+70°C 


±1/2 


+85° C 


DAC7541AAH-BI 


Hermetic DIP 


-25°Cto+85°C 


±1 


+125°C 


DAC7541ABH-BI 


Hermetic DIP 


-25°Cto+85°C 


±1/2 


+125°C 


DAC7541ASH-BI 


Hermetic DIP 


-55°Cto+125°C 


±1 


+125°C 


DAC7541ATH-BI 


Hermetic DIP 


-55''Cto+125°C 


±1/2 


+125°C 



NOTE (1) Or equivalent combination of time and temperature 
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TYPICAL PERFORMANCE CURVES 

Ta = +25°C, Vdd = +15V unless otherwise noted 

GAIN ERROR VS SUPPLY VOLTAGE 



5/2 
2 














3/2 

1 


\ 










, 


1/? 

















5 10 

Supply Voltage (V) 



FEEDTHROUGH ERROR VS FREQUENCY 
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LINEARITY VS SUPPLY VOLTAGE 



SUPPLY CURRENT VS SUPPLY VOLTAGE 



•i/d • 








1 








3/4 








^/? 








1/4 


> 


v^ 













5 10 

Supply Voltage (V) 



750- 
500- 





























M 


^y 




^^^^ ViH = Vdd 






1 



5 10 

Supply Voltage (V) 



DISCUSSION OF 
SPECIFICATIONS 

Relative Accuracy 

This term (also known as linearity) describes the transfer 
function of analog output to digital input code. The 
linearity error describes the deviation from a straight line 
between zero and full scale. 

Differential Nonlinearity 

Differential Nonlinearity is the deviation from an ideal 
ILSB change in the output, from one adjacent output 
state to the next. A differential nonlinearity specification 
of +1.0LSB guarantees monotonicity. 

Gain Error 

Gain error is the difference in measure of full-scale 
output versus the ideal DAC output. The ideal output 
for the DAC7541 A is -(4095/4096) X (Vref). Gain error 
may be adjusted to zero using external trims. 

Output Leakage Current 

The measure of current which appears at Outi with the 
DAC loaded with all zeros, or at Out2 with the DAC 
loaded to all ones. 



Multiplying Feedthrough Error 

This is the AC error output due to capacitive feedthrough 
from Vreference to Outi with the DAC loaded to all 
zeros. This test is performed at lOkHz. 

Output Current Settling Time 

This is the time required for the output to settle to a 
tolerance of +0.5LSB of final value from a change in 
code of all zeros to all ones, or all ones to all zeros. 

Propagation Delay 

This is the measure of the delay of the internal circuitry 
and is measured as the time from a digital code change to 
the point at which the output reaches 90% of final value. 

Digital-to-Analog Glitch Impulse 

This is the measure of the area of the glitch energy 
measured in nV-seconds. Key contributions to glitch 
energy are digital word-bit timing differences, internal 
circuitry timing differences, and charge injected from 
digital logic. 
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The measurement is performed with Vreference = 
Ground, an OPA606 as the output op amp, and Ci 
(phase compensation) = OpF. 

Monotonicity 

Monotonicity assures that the analog output will increase 
or stay the same for increasing digital input codes. The 
DAC7541A is guaranteed monotonic to 12 bits. 

Power Supply Rejection 

Power supply rejection is the measure of the sensitivity 
of the output (full scale) to a change in the power supply 
voltage. 

CIRCUIT DESCRIPTION 

The DAC7541A is a 12-bit multiplying D/A converter 
consisting of a highly stable thin-film R-2R ladder 
network and 12 pairs of current steering switches on a 
monolithic chip. Most applications require the addition 
of a voltage or current reference and an output opera- 
tional amplifer. 

A simplified circuit of the DAC7541A is shown in Figure 
1. The R-2R inverted ladder binarily divides the input 
currents that are switched between Iout i and lour 2 bus 
lines. This switching allows a constant current to be 
maintained in each ladder leg independent of the input 
code. 

The input resistance at Vreference (Figure 1) is always 
equal to Rldr (Rldr is the R/2R ladder characteristic 
resistance and is equal to value "R"). Since Rin at the 
Vreference pin is constant, the reference terminal can be 
driven by a reference voltage or a reference current, AC 
or DC, of positive or negative polarity. 



Vreference 10kO 




I 
6 

Bit12(LSB) 
Digital Inputs (DTL/TTL/CMOS Compatible) 
Switches shown for digital inputs "high" 



■m O 'out 1 

L-VSAy-O Rfeedback 



6 6 

Bit 1 (MSB) Bit 2 



FIGURE 1. Simplified DAC Circuit. 

EQUIVALENT CIRCUIT ANALYSIS 

Figures 2 and 3 show the equivalent circuits for all 
digital inputs low and high respectively. The reference 
current is switched to Iout 2 when all inputs are low and 
Iout 1 when inputs are high. The Ileakage current source 
is the combination of surface and junction leakages to 
the substrate; the 1/4096 current source represents the 
constant one-bit current drain through the ladder termi- 



nating resistor. The output capacitance is dependent 
upon the digital input code, and is therefore modulated 
between the low and high values. 




, 60pF 



Ireference 
— ^ R«10kO 

a--v/v— • — 

VreferenceI /\ 



I Q Ileakage t 90pF 



-O lo, 



FIGURE 2. DAC7541A Equivalent Circuit (All Inputs 
Low). 



Ireference 
— R«10kQ 

o— w*— •- 

Vreference /^ 




1 



90pF 



— O 'out 2 



55pF 



FIGURE 3. DAC7541A Equivalent Circuit (All Inputs j 
High). 

DYNAMIC PERFORMANCE 

Output Impedance 

The output resistance, as in the case of the output 
capacitance, is also modulated by the digital input code. 
The resistance looking back into the Iout 1 terminal may 
be anywhere between lOkDt (the feedback resistor alone 
when all digital inputs are low) and 7.5kn (the feedback 
resistor in parallel with approximately 30kn of the R-2R 
ladder network resistance when any single bit logic is 
high). The static accuracy and dynamic performance will 
be affected by this modulation. The gain and phase 
stability of the output amplifier, board layout, and 
power supply decoupling will all affect the dynamic 
performance of the DAC7541A. The use of a compensa- 
tion capacitor may be required when high-speed opera- 
tional amplifiers are used. It may be connected across 
the amplifier's feedback resistor to provide the necessary 
phase compensation to critically dampen the output. See 
Figures 4 and 6. 

APPLICATIONS 

OP AMP CONSIDERATIONS 

The input bias current of the op amp flows through the 
feedback resistor, creating an error voltage at the output 
of the op amp. This will show up as an offset through all 
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codes of the transfer characteristics. A low bias current 
op amp such as the OPA606 is recommended. 
Low offset voltage and Vos drift are also important. The 
output impedance of the DAC is modulated with the 
digital code. This impedance change (approximately 
lOkO to 30kn) is a change in closed-loop gain to the op 
amp. The result is that Vos will be multiplied by a factor 
of one to two depending on the code. This shows up as a 
linearity error. Offset can be adjusted out using Figure 4. 
Gain may be adjusted using Figure 5. 



[4]5|6|7|8j9|10p^ 



17 

O- Vreference 



Single-Point Ground "^ 




VoUT — ~Vref 



(I 



4 8 



Bl2 \ 

4096 / 



-10V < Vref < +10V 

Where Bn = 1 if the Bn digital input is high 
Bn = if the Bn digital input is low 



FIGURE 4. Basic Connection With Op Amp Vos Adjust: 
Unipolar (two-quadrant) Multiplying 
Configuration. 



MSB 
Bi 



|4| 5|6] 7| 8[9|lofl1[12]l3|l4|15 ff^^^ 



18 R2>200kO 



17 

*^~ Vreference 



± 




FIGURE 5. Basic Connection with Gain Adjust (allows 
adjustment up or down). 

UNIPOLAR BINARY OPERATION 
(TWO-QUADRANT MULTIPLICATION) 

Figure 4 shows the analog circuit connections required 
for unipolar binary (two-quadrant multiplication) oper- 
ation. With a DC reference voltage or current (positive 
or negative polarity) applied at pin 17, the circuit is a 



unipolar D/A converter. With an AC reference voltage 
or current, the circuit provides two-quadrant multiplica- 
tion (digitally controlled attenuation). The input/ output 
relationship is shown in Table I. 

Ci phase compensation (10 to 25pF) in Figure 4 may be 
required for stability when using high speed amplifiers. 
Ci is used to cancel the pole formed by the DAC internal 
feedback resistance and. output capacitance at Outi. 

TABLE I. Unipolar Codes. 



Binary Input 


Analog Output 


MSB LSB 




1111 1111 1111 


-Vref (4095/4096) 


1000 0000 0000 


-Vref (2048/4096) 


0000 0000 0001 


-Vref (1/4096) 


0000 0000 0000 


Volts 



Ri in Figure 5 provides full scale trim capability — load 
the DAC register to 1111 1111 1111, adjust Ri for Vout = 
-Vref (4095/4096). Alternatively, full scale can be 
ajdusted by omitting Ri and R2 and trimming the 
reference voltage magnitude. 

BIPOLAR FOUR-QUADRANT OPERATION 

Figure 6 shows the connections for bipolar four-quadrant 
operation. Offset can be adjusted with the Ai to A2 
summing resistor, with the input code set to 1000 0000 
0000. Gain may be adjusted by varying the feedback 
resistor of A2. The input/ output relationship is shown in 
Table II. 




Output 



Vout = +Vref | — + 



(^ 



2048 / 



FIGURE 6. Bipolar Four-Quadrant Multiplier. 



TABLE II. Bipolar Codes. 



Binary Input 


Analog Output 


MSB LSB 




1111 1111 1111 


+Vref (2047/2048) 


1000 0000 0000 


Volts 


0111 1111 1111 


-Vref (1/2048) 


0000 0000 0000 


-Vref (2048/2048) 
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DIGITALLY CONTROLLED GAIN BLOCK 

The 7541A may be used in a digitally controlled gain 
block as shown in Figure 7. This circuit gives a range of 
gain from one (all bits = one) to 4096 (LSB = one). The 
transfer function is: 

-V,N 



VoUT — 



+ 



+ 5^ + - 



, B,2 \ 

• • -f I 

4096/ 



All bits off is an illegal state, as division by zero is 
impossible (no op amp feedback). Also, errors increase 
as gain increases, and errors are minimized at major 
carries (only one bit on at a time). 



3ltS 1 to 1 



,18 16 

DAC7541A 

1 17 

2 3 



^ 



1 1 O VouT 



FIGURE 7. Digitally Programmable Gain Block. 
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DAC7545 



CMOS 12-Bit Multiplying 

DIGITAL-TO-ANALOG CONVERTER 

Microprocessor Compatible 



FEATURES 

• FOUR-QUADRANT MULTIPLICATION 

• LOW GAIN TC: 2PPIVI/°C typ 

• MONOTONICITY GUARANTEED OVER TEMPERATURE 

• SINGLE 5V TO 15V SUPPLY 

DESCRIPTION 

The DAC7545 is a low-cost CMOS, 12-bit four- 
quadrant multiplying, digital-to-analog converter 
with input data latches. The input data is loaded into 
the DAC as a 12-bit data word. The data flows 
through to the DA C when both the chip select (CS) 
and the write (WR) pins are at a logic low. 
Laser-trimmed thin-film resistors and excellent 
CMOS voltage switches provide true 12-bit integral 
and differential linearity. The device operates on a 



• TTL/CMOS LOGIC COMPATIBLE 

• LOW OUTPUT LEAKAGE: lOnA max 

• LOW OUTPUT CAPACITANCE: 70pF max 

• DIRECT REPLACEMENT FOR AD7545, PM-7545 



single +5V to +15V supply and is available in 20-pin 
side-brazed DIP, 20-pin plastic DIP or a 20-lead 
plastic SOIC package. Devices are specified over the 
commercial, industrial, and military temperature 
ranges and are available with additional reliability 
screening. 

The DAC7545 is well suited for battery or other low 
power applications because the power dissipation is 
less than 0.5mW when used with CMOS logic inputs 
and Vni) - +5V. 




DB11-DB0 

(Pins 4-15) 
International Airport Industrial Park - PO Box 11400 - Tucson. Arizona 85734 - Tel (602) 7461 111 - Twx 910-952-1111 - Cable BBRCORP - Telex. 66-6491 
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SPECIFICATIONS 

ELECTRICAL 

Vref = +10\/, VouT 1 = OV, ACOM = DCOM unless otherwise specified 



MODEL 

PARAMETER 


GRADE 


DAC7545 


UNITS 

(max) 


TEST CONDITIONS/COMMENTS 


Vdd = 


+5V 


Vdo = 


+15V 


Ta = +25°C 


Tmin-Tmax 


Ta = +25°C 


Tmin-Tmax 


STATIC PERFORMANCE 
















Resolution 


All 


12 


12 


12 


12 


Bits 




Relative Accuracy 


J, A, S 


±2 


±2 


±2 


±2 


LSB 






K, B.T 


±1 


±1 


±1 


±1 


LSB 






L, C, U 


±1/2 


±1/2 


±1/2 


±1/2 


LSB 






GL, GC, GU 


±1/2 


±1/2 


±1/2 


±1/2 


LSB 




Differential Nonlinearity 


J, A, S 


±4 


±4 


±4 


±4 


LSB 


10-bit monotonic, Tmin to Tmax 




K.B.T 


±1 


±1 


±1 


±1 


LSB 


12-blt monotonic, Tmin to Tmax 




L, C, U 


±1 


±1 


±1 


±1 


LSB 


12-blt monotonic, Tmin to Tmax 




GL. GC, GU 


±1 


±1 


±1 


±1 


LSB 


12-blt monotonic, Tmin to Tmax 


Gam Error (with internal Rfb)'^' 


J.A, S 


±20 


±20 


±25 


±25 


LSB 


f D/A register loaded with 




K, B,T 


±10 


±10 


±15 


±15 


LSB 


) FFFh Gam error is adjustable 




L, C, U 


±5 


±6 


±10 


±10 


LSB 


using the circuits in Figures 




GL, GC, GU 


±1 


±2 


±6 


±7 


LSB 


1 2 and 3 


Gam Temperature Coefficient'^' 
















(AGam/ATemperature) 


All 


±5 


±5 


±10 


±10 


ppm/°C 


Typical value is 2ppm/°C for Vdd = +5V 


DC Supply Rejection'^' 
















(AGain/AVoo) 


All 


015 


03 


01 


02 


%/% 


AVdd = ±5% 


Output Leakage Current at Out 1 


J. K, L, GL 


10 


50 


10 


50 


nA 


DBo-DBn = OV, WR, CS = OV 




A. B, C, GC 


10 


50 


10 


50 


nA 






S, T, U, GU 


10 


200 


10 


200 


nA 




DYNAMIC PERFORMANCE 
















Current Settling Time'^' 


All 


2 


2 


2 


2 


/us 


To 1/2LSB Outi load = 100Q 
DAC output measured from falling 
edge of WR CS = OV 


Propagation Delay''' (from 
















digital input change to 90% of 
















final analog output) 


All 


300 




250 




ns 


Outi load = 100O Cext = 13pF"" 


Glitch Energy 


All 


400 




250 




nV-s'^' 


Vref = ACOM 


AC Feedthrough at loun*^' 


All 


5 


5 


5 


5 


mVp-p'^' 


Vref = ±10V, lOkHz Sine wave 


REFERENCE INPUT 
















Input Resistance (pm 19 to AGND) 


All 


7 


7 


7 


7 


kfi'^' 


Input resistance TC = 300ppm/°C'^' 






25 


25 


25 


25 


kQ 




AC OUTPUTS 
















Output Capacitance'^' Cout i 


All 


70 


70 


70 


70 


PF 


DB0-DB11 = OV, WR, CS = OV 


CoUT2 


All 


200 


200 


200 


200 


pF 


DB0-DB11 = Vdd, WR, CS = OV 


DIGITAL INPUTS 
















V,H (Input High Voltage) 


All 


24 


24 


13 5 


13 5 


^(7) 




ViL (Input Low Voltage) 


All 


0.8 


08 


15 


15 


V 




l,N (Input Current)'^' 


All 


±1 


±10 


±1 


±10 


A^A 


V,N = or Vdd 


Input Capacitance'^' DBo-DBn 


All 


5 


5 


5 


5 


pF 


ViN = OV 


WR CS 


All 


20 


20 


20 


20 


pF 


ViN = OV 


SWITCHING 
















CHARACTERISTICS'^' 
















Chip Select to Write Setup Time 


All 


280 


380 


180 


200 


ns'^' 


See Timing Diagram 


tcs 




200 


270 


120 


150 


ns'=' 




Chip Select to Wnte Hold Time, ten 


All 














ns'^' 




Write Pulse Width, twR 


All 


250 


400 


160 


240 


ns'^' 


tcs > twR, tcH > 






175 


280 


100 


170 


ns'^' 




Data Setup Time, tos 


All 


140 


210 


90 


120 


ns'^' 








100 


150 


60 


80 


ns'^' 




Data Hold Time, tpH 


All 


10 


10 


10 


10 


ns'^' 




POWER SUPPLY, Ido 


All 


2 


2 


2 


2 


mA 


All digital inputs Vil or V,h 




All 


100 


500 


100 


500 


/^A 


All digital inputs OV or Vdd 




All 


10 


10 


10 


10 


M'^' 


All digital inputs OV or Vdd 



10 

o 

< 

Q 



NOTES: (1 ) Temperature ranges— J, K. L, GL: 0°C to +70°C. A, B, C, GC: -25°C to +85'>C S, T, U, GU. -55''C to +125°C (2) This includes the effect of 5ppm max, 
gain TC (3) Guaranteed but not tested. (4) DBo-DBn = OV to Vdd or Vdd to OV. (5) Typical (6) Feedthrough can be further reduced by connecting the metal lid 
on the ceramic package (suffix H) to DGND, (7) Minimum, (8) Logic inputs are MOS gates. Typical input current (+25°C) Is less than InA (9) Sample tested at 
+25*'C to ensure compliance 



(0 
DC 
lU 

I- 
QC 
LU 

> 

Z 

o 
o 

< 

z 
o 

I 

UJ 

S 

3 
OC 
H 
CO 



Burr-Brown IC Data Book 



6.1-121 



Vol. 33 



MECHANICAL 






































20-Pin Hermetic DIP (H Suffix) 


NOTE Leads in true position 
within 010" (0 25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 








20 

) 

1 


11 
10 


t 

B 

\ 


j$ 


^«.^>^^^^^>^_^w^.^.^ 






F-M M> 


DIM 


INCHES 


MILLIMETERS 




MIN 


MAX 


MIN 


MAX 




1 


A 


990 


1010 


2515 


25 65 






♦ 




B 


285 


305 


7 24 


7 75 


i 


w 


A 


K 


TUT 


nnunn' 


m 


P_t c 






C 


100 


140 


2 54 


3 56 


rlH 


rn 


j-» 


D 


. 016 


020 


41 


51 




F 


054 TYP 


1 37 TYP 


G 


095 


105 


2 41 


2 67 


J 


009 


012 


23 


31 




.- > 




K 


170 BASIC 


4.32 BASIC 


L ._ 


L 


300 


320 


7 62 


813 


N 


025 


045 


64 


114 




-• 


4 GJ 


i«- 




D-*< 




^ Seating Plane 











< A » 

A A A A f=i A F^ A A A 




20 11 
1 10 


B 

1 




yyyyyyyyy 



wfm 



20-Pin Plastic DIP (P Suffix) 



^_^ 



V 



Seating 
Plane 



A 



'M 



-4W-J 



NOTE Leads in true position 
within 010" (0 25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


980 


1020 


24 89 


25 91 


B 


240 


280 


6 10 


711 


c 


— 


210 


— 


5 33 


D 


014 


022 


36 


56 


G 


100 BASIC 


2 54 BASIC 1 


H 


040 


060 


102 


152 


J 


008 


015 


20 


38 


K 


115 


150 


2 92 


3 81 


L 


280 


300 


711 


7 62 


M 


0° 


10° 


0° 


10° 


N 


000 


020 


00 


51 





,, A 


RRR 






3 


20-Pin SOIC (U Suffix) 
















HBHSRSF 








within 010" (0 25mm) R at MMC 
at seating plane 




DIM 


INCHES 


MILLIMETERS 




MIN 


MAX 


MIN 


MAX 


A 


502 


518 


12 75 


1316 




U U U U.U U L 




i 


Ai 


495 


518 


12 57 


1316 


^rQ B B B B B E 
Pinl-^ 


B 


286 


302 


7 26 


7 67 


Bi 


270 


265 


6 86 


7 24 


C 


093 


108 


2 36 


2 74 


^ 1 


D 


015 


019 


38 


048 






G 


050 BASIC 


1 27 BASIC 








c 


o ^L-f 


H 


026 


-laT 


66 


0.86 




innnnnnanni: 


J 


008 


012 


20 


030 






N- 


t 


M 


L 


390 


422 


9 91 


10 72 




M 


0° 


10° 


0° 


10° 


N 


000 


012 


000 


030 
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PIN DESIGNATIONS 




0UT1 [T 


>^ 


JoJRfb 


AGND [T 




Jg] Vref 


dgnd|T 




Is] Vdd 


(MSB) DB11 [T 




13 WR 


DBio[T 


DAC7545 


16]CS 


DBs[T 




Isl DBo (LSB) 


DBsQ] 
DB.[T 
DBeQ; 




"ul DBi 20-Pin Plastic DIP 

, (P Suffix) 

131 DB2 
— ' 20-Pin Hermetic DIP 

"12] DB3 (H Suffix) 


DB5[¥ 




jTJ DB4 20-Pin soic 

(U Suffix) 









ABSOLUTE MAXIMUM RATINGS'" 



Ta = +25°C unless otherwise noted. 

VootoDGND -0.3V, +17 

Digital Input to DGND -0.3V, Vdd 

Vrfb. Vref, to DGN D ±25V 

VpiNitoDGND -0.3V, Vdd 

AGNDtoDGND -0.3V, Vdd 

Power Dissipation Any Package to +75°C . . 450mW 
Derates above +75°C by . . . 6mW/°C 
Operating Temperature: 

Commercial— J, K, L, GL 0°C to +70°C 

Industrial— A, B, C, GC -25°G to +85''C 

Military— S, T, U, GU -55°C to +125°C 

Storage Temperature -65°G to +150°C 

Lead Temperature (soldering, 10s) +300°C 

*NOTE: Stresses above those listed above may cause 
permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or 
any other condition above those indicated in the opera- 
tional sections of this specification is not implied Expo- 
sure to absolute maximum rating conditions for extended 
periods may affect device reliability 



ORDERING INFORMATION 



Model 


Package 


Temperature 
Range 


Relative 
Accuracy (LSB) 


Gain Error (LSB) 
Vdd = +5V 


DAC7545JP 


Plastic DIP 


0°Cto+70°C 


±2 


±20 


DAC7545KP 


Plastic DIP 


0°Cto+70°C 


±1 


±10 


DAC7545LP 


Plastic DIP 


0°Cto+70°C 


±1/2 


±5 


DAC7545GLP 


Plastic DIP 


0°Cto+70°C 


±1/2 


±1 


DAC7545JU 


Plastic SOIC 


0°Cto+70°C 


±2 


±20 


DAC7545KU 


Plastic SOIC 


0°Cto+70°C 


±1 


±10 


DAC7545LU 


Plastic SOIC 


0°Cto+70°C 


±1/2 


±5 


DAC7545GLU 


Plastic SOIC 


0°Cto+70°C 


±1/2 


±1 


DAC7545AH 


Ceramic Side Braze DIP 


-25°Cto+85°C 


±2 


±20 


DAC7545BH 


Ceramic Side Braze DIP 


-25°Cto+85°C 


±1 


±10 


DAC7545CH 


Ceramic Side Braze DIP 


-25°Cto+85°C 


±1/2 


±5 


DAC7545GCH 


Ceramic Side Braze DIP 


-25° C to +85° C 


±1/2 


±1 


DAC7545SH 


Ceramic Side Braze DIP 


-55°Cto+125°C 


±2 


±20 


DAC7545TH 


Ceramic Side Braze DIP 


-55°Cto+125°C 


±1 


±10 


DAC7545UH 


Ceramic Side Braze DIP 


-55°Cto+125°C 


±1/2 


±5 


DAC7545GUH 


Ceramic Side Braze DIP 


-55°Cto+125°C 


±1/2 


±1 


BURN-IN SCREEN 


ING OPTION 








See text for details 










Model 


Package 


Temperature 
Range 


Relative 
Accuracy (LSB) 


Burn-In Temp. 
(160 Hours)'^' 


DAC7545JP-BI 


Plastic DIP 


0°Cto+70°C 


±2 


+85° C 


DAC7545KP-BI 


Plastic DIP 


0°Cto+70°C 


±1 


+85° C 


DAC7545LP-BI 


Plastic DIP 


0°Cto+70°C 


±1/2 


+85° C 


DAC7545GLP-BI 


Plastic DIP 


0°Cto+70°C 


±1/2 


+85° C 


DAC7545JU-BI 


Plastic SOIC 


0°Cto+70°C 


±2 


+85° C 


DAC7545KU-BI 


Plastic SOIC 


0°Cto+70°C 


±1 


+85° C 


DAC7545LU-BI 


Plastic SOIC 


0°Cto+70°C 


±1/2 


+85° C 


DAC7545GLU-BI 


Plastic SOIC 


0°Cto+70°C 


±1/2 


+85° C 


DAC7545AH-BI 


Ceramic Side Braze DIP 


-25°Cto+85°C 


±2 


+125°C 


DAC7545ABH-BI 


Ceramic Side Braze DIP 


-25°Cto+85°C 


±1 


+125°C 


DAC7545CH-BI 


Ceramic Side Braze DIP 


-25°Cto+85°C 


±1/2 


+125°C 


DAC7545GCH-BI 


Ceramic Side Braze DIP 


-25°Cto+85°C 


±1/2 


+125°C 


DAC7545SH-BI 


Ceramic Side Braze DIP 


-55°Cto+125°C 


±2 


+125°C 


DAC7545TH-BI 


Ceramic Side Braze DIP 


-55°Cto+125°C 


±1 


+125°C 


DAC7545UH-BI 


Ceramic Side Braze DIP 


-55°Cto+125°C 


±1/2 


+125°C 


DAC7545GUH-BI 


Ceramic Side Braze DIP 


-55°Cto+125°C 


±1/2 


+125°C 



10 

ID 

O 

< 
Q 



NOTE. (1) Or equivalent combination of time and temperature. 
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WRITE CYCLE TIMING DIAGRAM 



cs \ 


















1 tcs 


— tc 


H- 


^/— Vdd 


Mode Selection 




s 




Write Mode 


Hold Mode 


^ 


CS and WR low, DAC responds 
to Data Bus (DBo-DBn) inputs 


Either CS or WR high, data bus 
(DB0-DB11) IS locked out, DAC 
holds last data present when 
WR or CS assumed high state 




^ 




5^ 






Vdd 


V ^ 






> 




-toH 


NOTES 

Vdd = +5V, Ir = If = 20ns 

Vdd = +15V, tp = tp = 40ns 

All input signal rise and fall times measured from 10% to 90% of Vdd 




Data In 
(DB0-DB11) 




^V.H Data -^ 
r V,L Valid T 










Timing measurement reference level is (Vm + Vil)/2 





BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the indicated temperature (or 
equivalent combination of time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 



ESD PROTECTION 

The design of the DAC7545 includes ESD protection 
circuitry for the digital inputs. High voltage static charges 
are shunted to the supply and ground rails. However, 
permanent damage may occur on unconnected devices 
subject to high energy electrostatic fields. When not in 
use, devices must be stored in conductive foam or rails. 
The foam or rails should be discharged to the destination 
socket before devices are removed. 



DISCUSSION OF 
SPECIFICATIONS 

Relative Accuracy 

This term (also known as end point linearity) describes 
the transfer function of analog output to digital input 
code. Relative accuracy describes the deviation from a 
straight line after zero and full scale have been adjusted. 

Differential Nonlinearity 

Differential nonlinearity is the deviation from an ideal 
ILSB change in the output, for adjacent input code 
changes. A differential nonlinearity specification of ILSB 
guarantees monotonicity. 

Gain Error 

Gain error is the difference in measure of full-scale 
output versus the ideal DAC output. The ideal output 
for the DAC7545 is -(4095/4096) (Vref). Gain error 
may be adjusted to zero using external trims as shown in 
the applications section. 



Output Leal(age Current 

The current which appears at OUT 1 with the DAC 
loaded with all zeros. 

Multiplying Feedthrough Error 

The AC output error due to capacitive feedthrough from 
Vref to OUT 1 with the DAC loaded with all zeros. This • 
test is performed using a lOkHz sine wave. 

Output Current Settling Time 

The time required for the output to settle within +0.5LSB 
of final value from a change in code of all zeros to all 
ones, or all ones to all zeros. 

Propagation Delay 

The delay of the internal circuitry is measured as the 
time from a digital code change to the point at which the 
output reaches 90% of final value. 

Digital-To-Analog Glitch Impulse 

The area of the glitch energy measured in nanovolt- 
seconds. Key contributions to glitch energy are internal 
circuitry timing differences and charge injected from 
digital logic. The measurement is performed with Vref — 
GND and an OPA600 as the output op amp and Q\ 
(phase compensation) = OpF. 

Monotonicity 

Monotonicity assures that the analog output will increase 
or stay the same for increasing digital input codes. The 
DAC7545 is guaranteed monotonic to 12 bits, except the 
J, A, S grades are specified to be 10-bit monotonic. 

Power Supply Rejection 

Power supply rejection is the measure of the sensitivity 
of the output (full scale) to a change in the power supply 
voltage. 

CIRCUIT DESCRIPTION 

Figure 1 shows a simplified schematic of the digital-to- 
analog converter portion of the DAC7545. The current 
from the Vref pin is switched from Iout i to AGND by the 
PET switch. This circuit architecture keeps the resistance 
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at the reference pin constant and equal to Rldr, so the 
reference could be provided by either a voltage or 
current, AC or DC, positive or negative polarity, and 
have a voltage range up to +20V even with Vdd = 5V. 
The RiDR is equal to "R" and is typically llkfl. 



The circuit of Figure 2 may be used with input voltages 
up to ±20V as long as the output amplifier is biased to 




FIGURE 1. Simplified DAC Circuit of the DAC7545. 

The output capacitance of the DAC7545 is code depen- 
dent and varies from a minimum value (70pF) at code 
OOOH to a maximum (200pF) at code FFFH. 
The input buffers are CMOS inverters, designed so that 
when the DAC7545 is operated from a 5V supply (Vdd), 
the logic threshold is TTL-compatible. Being simple 
CMOS inverters, there is a range of operation where the 
inverters operate in the linear region and thus draw more 
supply current than normal. Minimizing this transition 
time through the linear region and insuring that the digital 
inputs are operated as close to the rails as possible will 
minimize the supply drain current. 

APPLICATIONS 

UNIPOLAR OPERATION 

Figure 2 shows the DAC7545 connected for unipolar 
operation. The high-grade DAC7545 is specified for a 
ILSB gain error, so gain adjust is typically not needed. 
However, the resistors shown are for adjusting full-scale 
errors. The value of Ri should be minimized to reduce 
the effects of mismatching temperature coefficients 
between the internal and external resistors. A range of 
adjustment of 1.5 times the desired range will be adequate. 
For example, for a DAC7545JP, the gain error is 
specified to be +25LSB. A range of adjustment of 
+37LSB will be adequate. The equation below results in 
a value of 458(1 for the potentiometer (use 5000). 

Rladder 



Rx 



4096 



(3 X Gain Error) 



The addition of Ri will cause a negative gain error. To 
compensate for this error, R2 must be added. The value 
of R2 should be one-third the value of Ri. 
The capacitor across the feedback resistor is used to 
compensate for the phase shift due to stray capacitances 
of the circuit board, the DAC output capacitance, and 
op amp input capacitance. Eliminating this capacitor 
will result in excessive ringing and an increase in glitch 
energy. This capacitor should be as small as possible to 
minimize settling time. 



— I— w* — 




-VoUT 



DBo-DB 



FIGURE 2. Unipolar Binary Operation. 

handle the excursions. Table 1 represents tha analog 
output for four codes into the DAC for Figure 2. 



TABLE I. Unipolar Codes. 



Binary Code 


Analog Output 


MSB LSB 




1111 1111 1111 


-Vm (4095/4096) 


1000 0000 0000 


-V,N (2048/4096) = -1/2V,n 


0000 0000 0001 


-ViN (1/4096) 


0000 0000 0000 


Volts 



BIPOLAR OPERATION 

Figure 3 and Table II illustrate the recommended circuit 
and code relationship for bipolar operation. The D/A 
function itself uses offset binary code. The inverter Ui on 
the MSB line converts twos complement input code to 
offset binary code. The inverter Ui may be omitted if the 
inversion is done in software. 

R3, R4, and R5 must match within 0.01% and should be 
the same type of resistors (preferably wire-wound or 
metal foil), so that their temperature coefficients match. 
Mismatch of R3 value to R4 causes both offset and full- 
scale error. Mismatch of R5 to R4 and R^ causes full- 
scale error. 

TABLE II. Twos Complement Code Table for Circuit of 
Figure 3. 



Data Input 


Analog Output 


MSB LSB 




0111 1111 1111 


+V,N (2047/2048) 


0000 0000 0001 


+V,N (1/2048) 


0000 0000 0000 


Volts 


1111 1111 1111 


-V,N (1/2048) 


1000 0000 0000 


-V,N (2048/2048) 



DIGITALLY CONTROLLED GAIN BLOCK 

Figure 4 shows a circuit for a digitally controlled gain 
block. The feedback for the op amp is made up of the 
FET switch and the R-2R ladder. The input resistor to 
the gain block is the Rfb of the DAC7545. Since the FET 
switch is in the feedback loop, a "zero code" into the 
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ViN oil .a/a3- 




Data Input 



FIGURE 3. Bipolar Operation (Twos Complement Code). 



DAC will result in the op amp having no feedback, and a 
saturated op amp output. 



+5V 

O- 



DBi, ^ DBio 
2 4 

pBo-DBii 

WR CS p^ 



DBo 
4096 



OViN 



VoUT 

o 



NOTE There must be 
at least 1LSB loaded ir 
the DAC or the amp 
saturate due to the lack 
of feedback 




FIGURE 4. Digitally Controlled Gain Block. 

APPLICATIONS HINTS 

CMOS DACs such as the DAC7545 exhibit a code- 
dependent out resistance. The effect of this is a code- 
dependent differential nonlinearity at the amplifier 
output which depends on the offset voltage Vos of the 
amplifier. Thus linearity depends upon the potential of 
louT and AGND being exactly equal to each other. 
Usually the DAC is connected to an external op amp 
with its noninverting input connected to AGND. The op 
amp selected should have a low input bias current and 
low Vos and Vos drift over temperature. The op amp 
offset voltage should be less than (25 X 10"^)(Vref) over 
operating conditions. Suitable op amps are the Burr- 
Brown OPA37 and the OPAlll for fixed reference 
applications and low bandwidth requirements. The 
OPA37 has low Vos and will not require an offset trim. 
For wide bandwidth, high slew rate, or fast settling 
applications, the Burr-Brown OPA602, 1/4 OPA404, or 
OPA606 are recommended. 



Unused digital inputs should be connected to Vdd or to 
DGND. This prevents noise from triggermg the high 
impedance digital input. It is suggested that the unused 
digital inputs also be given a path to ground or Vdd 
through a IMH resistor to prevent the accumulation of 
static charge if the PC card is unplugged from the 
system. In addition, in systems where the AGND to 
DGND connection is on a backplane, it is recommended 
that two diodes be connected in inverse parallel between 
AGND and DGND. 



INTERFACING TO 
MICROPROCESSORS 

The DAC7545 can be directly interfaced to either an 8- 
or 16-bit microprocessor through its 12-bit wide data 
latch using the CS and WR controls. 

An 8-bit processor interface is shown in Figure 5. 
It uses two memory addresses, one for the lower 8 bits 
and one for the upper 4 bits of data into the DAC via the 
latch. 



ii:^ 



Address 
Decode p* 



Qi* 



-A Latch -A DB. 

r V\ WR | — / °^« 

■• ^ WR 



■K DB7 



8-Bit Data Bus 



*Qo = Decoded Address for DAC 
*Qi = Decoded Address for Latch 



FIGURE 5. 8-Bit Processor Interface. 
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BURR -BROWN® 




DAC8012 



CMOS 12-Bit Multiplying 

DIGITAL-TO-ANALOG CONVERTER 

With Memory 



FEATURES 

• DATA READBACK CAPABILITY 

• FOUR-QUADRANT MULTIPLICATION 

• LOW GAIN TC: 2PPIVI/°C typ 

• MONOTONICITY GUARANTEED OVER TEMPERATURE 

• SINGLE 5V TO 15V SUPPLY 

• LOW OUTPUT LEAKAGE (lOnA max) 

• LOW OUTPUT CAPACITANCE (70pF max) 

• DIRECT REPLACEMENT FOR PMI DAC8012 

DESCRIPTION 

The DAC8012 is a CMOS, 12-bit, four-quadrant 
multiplying, digital-to-analog converter with input 
data latches and 3-state readback capabilities. The 



input data is loaded into the DAC as a 12-bit data 
word. The data is loaded into the DAC from the bus 
when both the data strobe (DS) and the read/ write 
(RD/ WR) pins are held low. Data may be read back 
from the DAC by holding DS low and (RD/WR) 
high. This readback feature enables the user to 
monitor the state of multiple DACs on a single bi- 
directional bus. 

Laser-trimmed thin-film resistors and excellent 
CMOS voltage switches provide true 12-bit integral 
and differential linearity. The device operates on a 
single 4-5V to -M5V supply and is available in 20-pin 
side-brazed DIP, 20-pin plastic DIP or a 20-lead 
plastic SOIC package. Devices are specified over the 
commercial, industrial, and military temperature 
ranges and are available with additional reliability 
screening. 



9 Vdd 



Vref O- 



RD/WR O- 

"dso- 



12-Bit '\_ 

ultiplying y 
DAC_y^— 



i 




"^> 



Three-State 
Output Buffers 



=r> 



-O 0UT1 
-O AGND 
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SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS 

Vref = +10V, VouT 1 = OV, AGND = DGND = OV unless otherwise noted 



PARAMETER 


CONDITIONS 


DAC8012B, K, T'^' 


DAC8012A, J, S "' 


UNITS 


MiN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


Vdd = +5V or +15V 1 


STATIC ACCURACY 


















Resolution 




12 






12 






Bits 


Relative Accuracy 


Ta = Full temperature range 






+1/2 






±1 


LSB 


Differential Nonlinearity'^' 


Ta = Full temperature range 






±1 






±1 


LSB 


Gam Error'^'"" 


Ta = +25°C 
Ta = Full temperature Range 






±1 

±2 






±3 

±4 


LSB 
LSB 


Gam Temperature Coefficient 


















AGain/ATemperature'^"®' 








±5 






±5 


ppm/°C 


DC Supply Rejection 


Ta = +25°C (A Vdd = ±5%) 






002 






002 


%/% 


AGain/AVoo'^' 


Ta = Full temperature range 
(A Vdd - ±5%) 






004 






004 


%/% 


Output Leakage Current at OUT 1 


Ta = +25°C, RD/WR = DS = OV, 

all digital inputs = OV 

Ta = Full temperature range 

S, T versions 

J, K, A, B versions 






10 

200 
25 






10 

200 
25 


nA 

nA 
nA 


DYNAMIC PERFORMANCE 


















Propagation Delay'^"^"^' 


Ta = +25°C 
(OUT 1 Load = 100Q, Cext = 13pF) 






300 






300 


ns 


Current Settling Time'^"^' 


Ta = Full temperature range 
(to 1/2 LSB) louT 1 Load = 100Q 






1 






1 


fJS 


Glitch Energy'^', Vref = AGND 


Ta = +25°C 
Ta = Full temperature range 






400 
500 






400 
500 


nVs 
nVs 


AC Feedthrough at loun'^*"^* 


Ta = Full temperature range, 
Vref = +10V, f = 10kHz 






5 






5 


mVp-p 


REFERENCE INPUT 


















Input Resistance 


















(Pin 19 to GND)'^^* 


Ta = Full temperature range 


7 


11 


15 


7 


11 


15 


kQ 


Vdd = +5V | 


ANALOG OUTPUTS 


Ta = Full temperature range 
















Output Capacitance'^' 


VDD = +5Vor+15V 
















CoUT2 


DBo-DBii = OV, RD/WR = DS = OV 






70 






70 


PF 


CoUTI 


DB0-DB11 = Vdd, RD/WR = DS = OV 






150 






150 


PF 


DIGITAL INPUTS 


















Input High Voltage 


Ta = Full temperature range 


24 






24 






V 


Input Low Voltage 


Ta = Full temperature range 






08 






08 


V 


Input Current'®' 


Ta = +25°C 
Ta = Full temperature range 






1 
10 






1 
10 


A/A 


Input Capacitance'^' DBo-DBn 


Ta = Full temperature range 






12 






12 


pF 


RD/WR, DS 


Ta = Full temperature range 






6 






6 


pF 


DIGITAL OUTPUTS 


















Output High Voltage 


lo = 400/uA 


40 






40 






V 


Output Low Voltage 


lo = -1 6mA 






04 






04 


V 


Three-State Output Leakage Current 








10 






10 


/"A 


SWITCHING CHARACTERISTICS'^"' 


See timing diagram 
















Write to Data Stobe Setup Time 


Ta = +25°C 
Ta =FuII temperature range 


















ns 

ns 


Data Strobe to Write Hold Time 


Ta = +25°C 
Ta = Full temperature range 


















ns 
ns 


Read to Data Strobe Setup Time 


Ta = +25°C 
Ta = Full temperature range 


















ns 
ns 


Data Strobe to Read Hold Time 


Ta = +25°C 
Ta = Full temperature range 


















ns 
ns 


Write Mode Data Strobe Width 


Ta = +25°C 
Ta = Full temperature range 


180 
250 






180 
250 






ns 
ns 


Read Mode Data Strobe Width 


Ta = +25°C 
Ta = Full temperature range 


220 
290 






220 
290 






ns 
ns 


Data Setup Time 


Ta = +25°C 
Ta = Full temperature range 


210 
250 






210 
250 






ns 
ns 


Data Hold Time 


Ta = +25°C 
Ta = Full temperature range 


















ns 
ns 


Data Strobe to Output Valid Time'^' 


Ta = +25X 
Ta = Full temperature range 






300 
400 






300 
400 


ns 
ns 


Output Active Time from Deselection'^' 


Ta = +25°C 
Ta = Full temperature range 






215 
375 






215 
375 


ns 
ns 


POWER SUPPLY 


Ta = Full temperature range 
(all digital inputs Vinl or Vinh) 






2 






2 


mA 


Supply Current 


Ta = Full temperature range 


















(all digital inputs OV or Vdd) 




10 


100 




10 


100 


/"A 
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ELECTRICAL CHARACTERISTICS (CONT) 



PARAMETER 


CONDITIONS 


DAC8012B,K,T"' 


DAC8012A, J, S"' 


UNITS 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


Vdd = +15V 1 


DIGITAL INPUTS 


















Input High Voltage 


Ta = Full temperature range 


13 5 






13 5 






V 


Input Low Voltage 


Ta = Full temperature range 






15 






15 


V 


Input Current'^' 


Ta = +25°C 
Ta - Full temperature range 






1 
10 






1 
10 


/uA 


Input Capacitance'^' DBo-DBn 


Ta = Full temperature range 






12 






12 


PF 


RD/WR, DS 


Ta = Full temperature range 






10 






10 


pF 


DIGITAL OUTPUTS 


















Output High Voltage 


lo = 3mA 


13 5 






13 5 






V 


Output Low Voltage 


lo = -3mA 






15 






15 


V 


Three-State Output Leakage Current 








10 






10 


fjA 


SWITCHING CHARACTERISTICS""' 


See Timing Diagram 
















Write to Data Strobe Setup Time 


Ta = +25°C 
Ta = Full temperature range 


















ns 
ns 


Data Strobe to Write Hold Time 


Ta - +25°C 
Ta = Full temperature range 


















ns 
ns 


Read to Data Strobe Setup Time 


Ta = +25°C 
Ta = Full temperature range 


















ns 
ns 


Data Strobe to Read Hold Time 


Ta = +25°C 
Ta = Full temperature range 


















ns 
ns 


Write Mode Data Strobe Width 


Ta = +25°C 
Ta = Full temperature range 


100 
120 






100 
120 






ns 
ns 


Read Mode Data Strobe Width 


Ta = +25°C 
Ta = Full temperature range 


110 
150 






110 
150 






ns 
ns 


Data Setup Time 


Ta = +25°C 
Ta = Full temperature range 


90 
120 






90 
120 






ns 
ns 


Data Hold Time 


Ta = +25°C 
Ta = Full temperature range 


















ns 
ns 


Data Strobe to Output Valid Time 


Ta = +25°C 
Ta = Full temperature range 






180 
220 






180 
220 


ns 
ns 


Output Active Time for Deselection 


Ta = +25°C 
Ta = Full temperature range 






180 
250 






180 
250 


ns 
ns 


POWER SUPPLY 


















Supply Current 


Ta = Full temperature range 
(all digital inputs Vinl or Vinh) 
Ta = Full temperature range 






2 






2 


mA 




(all digital inputs OV or Vdd) 




10 


100 




10 


100 


//A 



NOTES (1 ) Ta = -55°C to +125°C for S, T grades T* = -25°C to +85°C for A, B grades Ta = 0°C to +70°C for J, K grades (2) 12-bit monotonic over full 
temperature range (3) Includes the effects of 5ppm max gam TC (4) Using internal Rfb DAC register loaded with 1111 1111 1111 (5) Guaranteed but 
not tested (6) Typical value is 2ppm/°C for Vdd = +5V (7) From digital input change to 90% of final analog output (8) All digital inputs = OV to Vdd, or 
Vdd to OV (9) Logic inputs are MOS gates, typical input current (at +25°C) is less than InA (10) Sample tested at +25°C to ensure compliance 
(11) Feedthrough can further be reduced by connecting the metal lid on the sidebraze package (Suffix H) to DGND (12) Resistor T C = 4-100ppm/°C 
max 
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MECHANICAL 





























20-Pin Hermetic D 


P (H Suffix) 


^OTE Leads in true position 
within 010" (0 25mm) R at MMC 
at seating plane 


20 

) 

1 




11 

10 


t 

B 

i 


^in numbers shown for reference 
only Numbers may not be marked 
on package 




J0 






DIM 


INCHES 


MILLIMETERS 




Pinl^^ 

F -^t ^^ 


MIN 


MAX 


MIN 


MAX 


A 


990 


1010 


25 15 


25 65 




1 


B 


285 


305 


7 24 


7 75 






♦ 




C 


100 


140 


2 54 


3 56 


i 


u 


"iir 


NW\ 


1 


IF 

I 

u 


ffl 


il ♦ 




- 


D 


016 


020 


41 


51 


J-^ 


F 


054 TYP 


1 37 TYP 




G 


095 


105 


2 41 


2 67 


J 


009 


012 


23 


31 


K 


170 BASIC 


4 32 BASIC 


1 1 






L 


300 


320 


7 62 


813 


1 1 


\ 


N 


025 


045 


64 


114 




-• 


Jol 


^ oJ 


L 


L 


-Se 


ating Plane 







o 
o 

< 

o 

z 
g 

< 

z 

LU 
CC 
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20-Pin Plastic DiP (P SuHix) 



j^^ 

^^-^^ 



yyyyyy yy 



NOTE Leads in true position 
within 010" (0 25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 



_J G ^ -►^D Seating -A 




-4Wj 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


980 


1 020 


24 89 


25 91 


B 


240 


280 


610 


711 


C 


— 


210 


_ 


5 33 


D 


014 


022 


36 


56 


G 


100 BASIC 


2 54 BASIC 


H 


040 


060 


102 


152 


J 


008 


015 


20 


38 


K 


115 


150 


2 92 


3 81 


L 


280 


300 


711 


7 62 


M 


0° 


10° 


0° 


10° 


N 


000 


020 


00 


51 




20-Pin SOIC (U Suffix) 



NOTE Leads in true position 
within 010" (0 25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 



3|n1-^^ I 




DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


502 


518 


12 75 


13 16 


A, 


495 


518 


12 57 


13 16 


B 


286 


302 


7 26 


7 67 


B, 


270 


285 


6 86 


7 24 


C 


093 


108 


2 36 


2 74 


D 


015 


019 


38 


48 


G 


050 BASIC 


1 27 BASIC 


H 


026 


034 


66 


86 


J 


008 


012 


20 


30 


L 


390 


422 


9 91 


10 72 


M 


0° 


10° 


0° 


10° 


N 


000 


012 


00 


30 



PIN DESIGNATIONS 



ABSOLUTE MAXIMUM RATINGS 



0UT1 [T 




20]Rfb 


agndQ" 




il] Vref 


DGND [T 




J8]Vdd 


(MSB) DBii [T 




"TTI RD/WR 


DBio[T 




J6]dS 


DBajT 




li] DBo (LSB) 


DBalT 




771 nn 20-Pin Plastic DIP 
iil^^^ (P Suffix) 


DB7[T 




iiJ ^^^ 20-Pin Hermetic DIP 


DBelT 




j2] DB3 (H Suffix) 


DBs Q? 




TTI p,R 20-Pin SOIC 
JU^^^ (U Suffix) 









(Ta = +25°C, unless otherwise noted ) 

Vdd to DGND -0 3V, +17V 

Digital Input Voltage to DGND -0 3V, Vdd 

AGND to DGND -0 3V. Vdd 

Vrfb, Vref to DGND ±25V 

VpiN 1 to DGND -0 3V. Vdd 

Power Dissipation (any package) to +75°C 450mW 

Derates Above +75°C by 6mW/°C 

Operating Temperature Range 

Military Grades S, T -55°C to +125°C 

Industrial Grades A, B -25°C to +85°C 

Commercial Grades J, K 0°C to +70°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (soldering, 10s) +300°C 

CAUTION 

1 Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device This is a stress rating 
only and functional operation at or above this specification is not 
implied Exposure to above maximum rating conditions for extended 
periods may affect device reliability 

2 Do not apply voltages higher than Vdd or less than GND potential on 
any terminal except Vref 

3. The digital inputs are zener protected, however, permanent damage 
may occur on unprotected units from high-energy electrostatic 
fields. Keep units m conductive foam at all times until ready to use 
Use proper antistatic handling procedures 

4 Remove power before inserting or removing units from their sockets 
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ORDERING INFORMATION 



Model 


Package 


Temperature 
Range 


Relative 
Accuracy (LSB) 


Gain Error (LSB) 


DAC8012JP 


Plastic DIP 


0°Cto+70°C 


±1 


±3 


DAC8012KP 


Plastic DIP 


0°Cto+70°C 


±1/2 


±1 


DAC8012JU 


Plastic SOIC 


0°Cto+70°C 


±1 


±3 


DAC8012KU 


Plastic SOIC 


0°Cto+70°C 


±1/2 


±1 


DAC8012AH 


Side-brazed ceramic DIP 


-25°Cto+85°C 


±1 


±3 


DAC8012BH 


Side-brazed ceramic DIP 


-25°Cto+85°C 


±1/2 


±1 


DAC8012SH 


Side-brazed ceramic DIP 


-55°Cto+125°C 


±1 


±3 


DAC8012TH 


Side-brazed ceramic DIP 


-55°Cto+125°C 


±1/2 


±1 


BURN-IN SCREE 


:NiNG OPTION 








See text for deta 


Is 








Model 


Package 


Temperature 
Range 


Relative 
Accuracy (LSB) 


Burn-In Temp. 
(160 Hours)'^' 


DAC8012JP-BI 


Plastic DIP 


0°Cto+70°C 


±1 


+85° C 


DAC8012KP-BI 


Plastic DIP 


0°Cto+70°C 


±1/2 


+85° C 


DAC8012JU-BI 


Plastic SOIC 


0°Cto+70°C 


±1 


+85° C 


DAC8012KU-BI 


Plastic SOIC 


0°Cto+70°C 


±1/2 


+85° C 


DAC8012AH-BI 


Side-brazed ceramic DIP 


-25°Cto+85°C 


±1 


+125°C 


DAC8012BH-BI 


Side-brazed ceramic DIP 


-25°Cto+85°C 


±1/2 


+125°C 


DAC8012SH-BI 


Side-brazed ceramic DIP 


-55°Cto+125°C 


±1 


+125°C 


DAC8012TH-BI 


Side-brazed ceramic DIP 


-55°Cto+125°C 


±1/2 


+125°C 



NOTE (1) Or equivalent combination of time and temperature 

TIMING DIAGRAM 



CM 
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O 
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NOTES 

Vdd = +5V, tp = tp = 20ns 
Vdd = +15V, tR = tp = 40ns 
All input signal rise and fall 
times measured from 10% to 
90% of Vdd 

Timing measurement 
reference level is 

V.H + V,L 



tc 
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BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BF'to the 
base model number. 

ESD PROTECTION 

The design of the DAC8012 includes ESD protection 
circuitry for the digital inputs. High voltage static charges 
are shunted to the supply and ground rails. However, 
permanent damage may occur on unconnected devices 
subject to high energy electrostatic fields. When not in 
use, devices must be stored in conductive foam or rails. 
The foam or rails should be discharged to the destination 
socket before devices are removed. 



DISCUSSION OF 
SPECIFICATIONS 

Relative Accuracy 

This term (also known as end point linearity) describes 
the transfer function of analog output to digital input 
code. Relative accuracy describes the deviation from a 
straight line after zero and full scale have been adjusted. 

Differential Nonlinearity 

Differential nonlinearity is the deviation from an ideal 
ILSB change in the output, for adjacent input code 
changes. A differential nonlinearity specification of ILSB 
guarantees monotonicity. 

Gain Error 

Gain error is the difference in measure of full-scale 
output versus the ideal DAC output. The ideal output 
for the DAC8012 is -(4095/4096) (Vref). Gain error 
may be adjusted to zero using external trims as shown in 
the applications section. 
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Output Leakage Current 

The current which appears at OUTi with the DAC 
loaded with all zeros. 

Multiplying Feedthrough Error 

The AC output error due to capacitive feedthrough from 
Vref to OUTi with the DAC loaded with all zeros. This 
test is performed using a lOkHz sine wave. 

Output Current Settling Time 

The time required for the output to settle within ±1/2LSB 
of final value from a change in code of all zeros to all 
ones, or all ones to all zeros. 

Propagation Delay 

The delay of the internal circuitry is measured as the 
time from a digital code change to the point at which the 
output reaches 90% of final value. 

Digital-To-Analog Glitch Impulse 

The area of the glitch energy measured in nanovolt- 
seconds. Key contributions to glitch energy are internal 
circuitry timing differences and charge injected from 
digital logic. The measurement is performed with Vref = 
GND. 

Monotonicity 

Monotonicity assures that the analog output will increase 
or stay the same for increasing digital input codes. The 
DAC8012 is guaranteed monotonic to 12 bits. 

Power Supply Rejection 

Power supply rejection is the measure of the sensitivity 
of the output (full scale) to a change in the power supply 
voltage. 

CIRCUIT DESCRIPTION 

DIGITAL-TO-ANALOG SECTION 

Figure 1 shows a simplified schematic of the digital-to- 
analog portion of the DAC8012. The current from the 
Vref pin is switched from Iout i to AGND by the FET 
switch for that bit. This circuit architecture keeps 
the resistance at the reference pin constant and equal 
to Rldr, so the reference could be provided by 




either a voltage or current, AC or DC, positive or 
negative polarity, and have a voltage range up to +20V 
even with Vdd = 5V. The Rldr is equal to "R" and is 
typically llkH. 

The output capacitance of the DAC8012 is code depen- 
dent and varies from a minimum value (70pF) at code 
OOOh to a maximum (200pF) at code FFFh. 

DIGITAL SECTION 

Figure 2 shows the basic current switch. Figure 3 shows 
the schematic of the input/ output buffers. When the DS 
and the RD/ WR are held low, the latches are transparent 
and pass data from the data bus to the DAC. When the 
DS is held low and the RD/WR line is held high, the 
three-state buffer becomes active and the data at the 
DAC is presented to the digital input/ output lines for 
data readback. 



To Ladder 



From 

Interface 

Logic 



FIGURE 2. N-Channel Current Steering Switch. 



3-State 
Buffer 



^ 



Input/ 



To AGND 
Switch 



Output 



Input 



1 



To OUT 1 
Switch 



FIGURE 1. Simplified Circuit of the DAC8012. 



FIGURE 3. Digital Input/ Output Structure. 

The input buffers are CMOS inverters, designed so that 
when the DAC8012 is operated from a 5V supply (Vdd), 
the logic threshold is TTL compatible. Being simple 
CMOS inverters, there is a range of operations where the 
inverters operate in the linear region and thus draw more 
supply current than normal. Minimizing the transition 
time through the linear region and insuring that the 
digital inputs are operated as close to the rails as possible 
will minimize the supply drain current. 

APPLICATIONS 

UNIPOLAR OPERATION 

Figure 4 shows the DAC8012 connected for unipolar 
operation. The high-grade DAC8012 is specified for a 
ILSB gain error, so gain adjust is typically not needed. 
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However, the resistors shown are for adjusting full-scale 
errors. The value of Ri should be minimized to reduce 
the effects of mismatching temperature coefficients 
between the internal and external resistors. A range of 
adjustment of 1.5 times the desired range will be adequate. 
For example, for a DAC8012JP, the gain error is 
specified to be ±3LSB. A range of adjustment of 
+4.5LSB will be adequate. The equation shows a 
minimum value of 33(1 for the potentiometer. 

Ri = (Rladdfr / 4096) X (3 X Gain Error) 
The addition of Ri will cause a negative gain error. To 
compensate for this error, R2 must be added. The value 
of R2 should be one-third the value of Ri. 



^i^XU 




VoUT 

— o 



FIGURE 4. Unipolar Binary Operation. 

The capacitor across the feedback resistor is used to 
compensate for the phase shift due to stray capacitances 
of the circuit board, the DAC output capacitance, and 
op amp input capacitance. Eliminating this capacitor 
will result in excessive ringing and an increase in glitch 
energy in higher speed applications. This capacitor should 
be as small as possible to minimize settling time. 

The circuit of Figure 4 may be used with input voltages 
up to +20V as long as the output amplifier is biased to 
handle the excursions. Table I represents the analog 
output for four codes into the DAC for Figure 4. 

TABLE I. Unipolar Output Code for Figure 4. 



Binary Code 


Analog Output 


MSB i i LSB 




1111 1111 1111 


-ViN (4095/4096) 


1000 0000 0000 


-V,N (2048/4096) = -1/2V,n 


0000 0000 0001 


-V,N (1/4096) 


0000 0000 0000 


Volts 



BIPOLAR FOUR-QUADRANT OPERATION 

Figure 5 and Table II illustrate the recommended circuit 
and code relationship for bipolar operation. The D/A 
function itself uses offset binary code. The inverter Ui on 
the MSB line converts twos complement input code to 
offset binary code. The inverter Ui may be omitted if the 
inversion is done in software. 

R3, R4, and R5 must match within 0.01% and should be 
the same type of resistors (preferably wire-wound or 
metal foil), so that their temperature coefficients match. 
Mismatch of R3 value to R4 causes both offset and full- 
scale error. Mismatch of R5 to R4 and R3 causes full- 
scale error. 



Ris 



?18 |^?^^ rn 



O * * */Ar- Vref DAC8012 

^' AGND^ 

DB11 DB10-DB0/2 





\/Analog 
Common 



FIGURE 5. Bipolar Operation (Twos Complement 
Code). 

TABLE II. Twos Complement Code Table for Circuit 
of Figure 5. 



Data Input 


Analog Output 


MSB i i LSB 




0111 1111 1111 


+V,N (2047/2048) 


0000 0000 0001 


+V,N (1/2048) 


0000 0000 0000 


Volts 


1111 1111 1111 


-V,N (1/2048) 


1000 0000 0000 


-V,N (2048/2048) 



DIGITALLY CONTROLLED GAIN BLOCK 

Figure 6 shows a circuit for a digitally controlled gain 
block. The feedback for the op amp is made up of the 
FET switch and the R-2R ladder. The input resistor to 
the gain block is the Rfb of the DAC8012. Since the FET 
switch is in the feedback loop, a "zero code" into the 
DAC will result in the op amp having no feedback and a 
saturated op amp output. The DAC8012 readback feature 
makes the DAC8012 especially good for this configuration 
when an automatic gain or automatic calibration routine 
is used. If the logic were set up to calibrate a yalue via 
logic external to the processor (successive approximation 
register), then when the calibration is done, the processor 
could read the DAC8012 to store away the calibration 
code. 
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FIGURE 6. Digitally Controlled Gain Block. 
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APPLICATIONS HINTS 

CMOS DACs such as the DAC8012 exhibit a code- 
dependent output resistance. The effect of this is a code- 
dependent differential nonlinearity at the amplifier 
output which depends on the offset voltage Vos of the 
amplifier. Thus linearity depends upon the potential of 
louT and AGND being exactly equal to each other. 
Usually the DAC is connected to an external op amp 
with its noninverting input connected to AGND. The op 
amp selected should have a low input bias current and 
low Vos and Vos drift over temperature. The op amp 
offset voltage should be less than (25 X 10~^) (Vref) over 
operating conditions. Suitable op amps are the Burr- 
Brown OPA37 and the OPAIII for fixed reference 
applications and low bandwidth requirements. The 
OPA37 has low Vos and will not require an offset trim. 
For wide bandwidth, high slew rate, or fast settling 
applications, the Burr-Brown OPA602, 1/4 OPA404, or 
OPA606 are recommended. 

Unused digital inputs should be connected to Vdd or to 
DGND. This prevents noise from triggering the high 
impedance digital input. It is suggested that the unused 
digital inputs also be given a path to ground or Vdd 
through a IMCl resistor to prevent the accumulation of 
static charge if the PC card is unplugged from the 
system. In addition, in systems where the AGND to 
DGND connection is on a backplane, it is recommended 
that two diodes be connected in inverse parallel between 
AGND and DGND. 



INTERFACING TO 
MICROPROCESSORS 

Figure 7 shows the DAC8012 interfaced to a 16-bit 
microprocessor. The interface requires only address decod- 
ing to select the DAC to be written to or read from. 

Figure 8 shows an interface scheme for using the 
DAC8012 with an 8-bit microprocessor. The data for the 
first 4 bits are written and latched into the external write 
latch and the next 8 bits are presented on the bus. The 
DAC8012 is then instructed to pass the data through the 
internal DAC latch (WR + DS) and all 8 bits are 
transferred into the DAC. Reading data back is done in 
the same manner. 




Address 
Decode 



Vil 



Data 

Bus 



FIGURE 7. 16~Bit Microprocessor to DAC8012 
Interface. 



Qo = Decoded address for latch to DAC operations 

Qi = Decoded address for data bus to input latch operation 

Q2 = Decoded address for output latch to data bus operation 




FIGURE 8. 8-Bit Processor to DAC8012 Interface. 
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BURR -BROWN® 




DAC63 



Ultra-High Speed 
DIGITAL-TO-ANALOG CONVERTER 



• ADJUSTABLE LOGIC THRESHOLD FOR IDEAL 
SWITCHING 

• INTERNALLY-BYPASSED SUPPLY LINES TO 
MINIMIZE SETTLING TIME 

• INTERNAL FEEDBACK RESISTOR FOR EXCELLENT 
THERMAL TRACKING 

• INDUSTRIAL AND MILITARY GRADES 

• HIGH RELIABILITY SCREENING AVAILABLE 

without using an external output amplifier. The 
device is available in both metal and ceramic bottom- 
brazed packages. 

FUNCTIONAL DIAGRAM 



FEATURES 

• 12BIT RESOLUTION AND ACCURACY 

• SOnsec SETTLING TIME (MAJOR CARRY) 

• ECL-COMPATIBLE INPUTS 

• LOW GLITCH ENERGY 

• ±30ppm/°C MAX GAIN DRIFT 

• LINEARITY ERROR LESS THAN ±1/2LSB OVER 
SPECIFIED TEMP RANGE 



DESCRIPTION 

The DAC63 is an ultra-fast-settling 12-bit current 
output D/A converter in a 24-pin dual-in-line pack- 
age. The inputs are ECL-compatible and the output 
settles in 30nsec, typ (40nsec, max for C and T 
grades) to within ±0.012% of Full Scale Range for 
an MSB change. The DAC63 utilizes a monolithic 
12-bit switch chip and a stable thin-film-on-sapphire 
resistor network to achieve fast settling time and 
excellent stability over temperature and time. Be- 
cause of the close thermal tracking of the current- 
switching transistors (all on one monolithic chip), 
the possibility of thermal-tail settling time problems 
are eliminated. An internal applications resistor for 
use with an external output op amp is included to 
convert the output current to insure excellent track- 
ing and therefore lower drift. The linearity is guaran- 
teed to be within ±1/2LSB over the specified temp- 
erature range of -25°C to +85°C for the CG, CM, 
BG, and BM grades and -55°C to +125°C for SM 
and TM grades. Gain drift is ±30ppm/°C max and 
bipolar offset drift is ±10ppm of FSR/ °C max (high 
grades). Also included intern.ally is a +6.2V refer- 
ence. An output voltage compliance range of +2.0V 
to —0.5V allows the generation of an output voltage 
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SPECIFICATIONS 

ELECTRICAL 

At -^25" C and rated supplies unless otherwise specified 



MODEL 


DAC63CG/CM/TM 


DAC63BG/BM/SM 


UNITS 


PARAMETER 


MIN 1 TYP 


MAX 


MIN 1 TYP 1 MAX 


INPUT 1 


DIGITAL INPUT 
















Resolution 






12 








Bits 


Logic Inputs'" 




ECL-compatible 












Logic "1" Voltage 


-0 78 


-0 90 


-0 96 








V 


Current 


60 




33 








/wA 


Logic "0" Voltage 


-1 62 


-1 75 


-185 








V 


Current 




100 










nA 


Logic Threshold Voltage 


-1 20 


-1 33 


-1 40 








V 


Current 






25 








mA 


TRANSFER CHARACTERISTICS | 


ACCURACY 
















Lineanty Error 






±0 012 








% of FSR'^' 


Differential Linearity Error 






±0 012 








% of FSR 


Gam Error'*' 




±0 02 


±0 1 








% 


Offset Error'*' Unipolar 




±0 01 


±0 04 








% of FSR 


Bipolar 




±0 02 


±0 1 








% of FSR 


Monotonicity Temp Range (mm) 
















CG,CM, BG,BM 


-25 




+85 








"C 


TM, SM 


-55 




+ 125 








"C 


SETTLING TIME (into 150n) 
















1LSB Change 
















Settling to ±0 012% of FSR 
















CM/TM, BM/SM 




30 


40 




40 


50 


nsec 


CG, BG 




30 


40 




35 


45 


nsec 


Full Scale Change 
















Settling to ±1% of FSR 




17 






20 




nsec 


±0 1% of FSR 




30 










nsec 


±0 024% of FSR 
















CM/TM, BM/SM 




55 


65 




65 


75 


nsec 


CG. BG 




35 


50 




40 


55 


nsec 


±0 012% of FSR 
















CM/TM, BM, SM 




70 






80 




nsec 


CG, BG 




40 










nsec 


Glitch Energy"" 




250 










LSB/nsec 


DRIFT (over specified temp range) 
















Gam 




±15 


±30 




±20 


±40 


ppm/°C 


Offset Unipolar 




±0 3 


±0 6 




±0 5 


±1 


ppm/°C 


Bipolar 






±10 






±15 


ppm/°C 


Linearity Error 
















(over specified temp range) 






±0 012 






±0 025 


% of FSR 


Differential Linearity Error 
















(over specified temp range) 






±0 025 






±0 05 


% of FSR 


OUTPUT ] 


ANALOG OUTPUT 
















Output Current 




Oto 10. ±5 










rwA 


Output Voltage Ranges 
















with External Op Amp 




Oto -^10. ±5 










V 


without External Op Amp'*' 




Oto -15, ±0 5 










V 


Output Impedance without 
















External Op Amp 
















Unipolar Positive 




150 













Negative 




200 













Bipolar 




170 










Q 


Compliance Voltage 


-05 




+2 








V 


POWER SUPPLIES AND REFERENCE | 


Internal Reference Voltage 




+6 2 












V 


Internal Reference Drift 




±15 












ppm/°C 


Power Supply Voltages 


-13 


±15 


±18 










V 


Power Supply Current -^ISV 




26 


31 










mA 


-15V 




38 


46 










mA 


Power Supply Sensitivity -15V 




±0 0035 












%/%AV 


-15V 




±0 0004 












%/%AV 


Power Dissipation 




960 


1160 








mW 
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ELECTRICAL (CONT) 



MODEL 


DAC63CG/CM/TM 


DAC63BG/BM/SM 


UNITS 


PARAMETER 


MIN 


TYP 1 MAX 


MIN 1 TYP 1 MAX 


PHYSICAL CHARACTERISTICS 




TEMPERATURE RANGE 

Specification. CG. CM, BG, BM 

TM. SM 
Storage 


-25 
-55 
-65 




+85 
+125 
+150 








"0 
°C 
"C 


PACKAGE 

CG, BG 

CM, TM, BM, SM 


24-pin DIP bottom-brazed ceramic 
24-pin DIP metal 



































•Specification same as for DAC63CG/CM/TM 

NOTES (1) Logic Input voltages and currents are dependent on the logic threshold voltage The logic input values given in each column are correct for the logic 
threshold voltage given in that column (2) When used with an external output op amp or when the internal impedances/resistors are used as the load (3) FSR is 
Full Scale Range, which is 10mA for both the DAC63BG and DAC63CG (4) Refer to Output Glitch section (5) Refer to Figures 8 and 9 



MECHANICAL 




•JhL* 



xri 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1.280 


1.310 


32.61 


33.27 


B 


.780 


.800 


19.81 


20.32 


C 


.163 


.207 


3.89 


6.26 


D 


.018 


.020 


.41 


.61 


F 


.046 


.066 


1.14 


1.40 


Q 


.100 BASIC 


2.64 BASIC 1 


H 


.087 .091 


2.21 


2.31 


J 


.009 .012 


.23 


.30 


K 


.200 .210 


6.08 


6.33 


L 


.600 BASIC 


16.24 


JASIC 


N 


.016 .036 


.38 


.89 



SEATING PLANE 



LEADS IN TRUE POSITION WITHIN 010" 
( 25MM) R®MMC AT SEATING PLANE 



PIN ASSIGNMENTS 



Pin No 


Function 


1 


Bitl (MSB) 


2 


Bit 2 


3 


Bit 3 


4 


Bit 4 


5 


Bit 5 


6 


Bit 6 


7 


Bit 7 


8 


Bits 


9 


Bit 9 


10 


Bit 10 


11 


Bit 11 


12 


Bit12(LSB) 


13 


GND 


14 


GND 


15 


GND 


16 


GND 


17 


GND 


18 


Feedback Resistor Connection 


19 


Current Output 


20 


Bipolar Offset 


21 


Bipolar Offset 


22 


Logic Threshold 


23 


+15VDC 


24 


-15VDC 







! 






v 1 




DIM 


INCHES 


MILLIMETERS ] 




MAX 


MIN 


MAX 


A 


1 365 


1 385 


34 67 


35 18 


a 


790 


810 


20 07 


20 57 


c 


170 


250 


4 32 


6 35 





016 


021 


041 


53 




lOOBAS.C 


2 54 BASIC 


H 


125 1 150 


3 13 1 381 


< 




3 81 1 7 62 




600 BASIC 


15 24 BAS.C 


P 


oso 1 no 


2 03 1 2 79 



n A<.th.n 010 



( 25mm) R C? MMC a 



DISCUSSION OF 
SPECIFICATIONS 

ACCURACY 

Linearity of a D/ A converter is one of the true measures 
of its performance. The linearity error of the DAC63 is 
specified over its entire temperature range. The analog 
output will not vary by more than ±1/2LSB from an 
ideal straight line drawn between the end points (inputs 
all 'i"s and all "0"s) over the specified temperature 
range. 

Differential linearity error of a D/A converter is the 
deviation from an ideal ILSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of +1/2LSB means that the output 
voltage step sizes can range from 1/2LSB to 3/2LSB 
when the input changes from one adjacent input state to 
the next. 



Burr-Brown IC Data Book 



6.2-137 



Vol. 33 



Monotonicity over the specified temperature range is 
guaranteed to insure that the analog output will increase 
or remain the same for increasing input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (ppm/°C). Gain drift is established by: 1) 
testing the end point differences for the DAC63 at tmm, 
H-25°C, and tmax; 2) calculating the gain error with 
respect to the H-25°C value and; 3) dividing by the 
temperature change. This figure is expressed in ppm/°C 
and is given in the electrical specifications (includes 
internal reference). 

Offset Drift is a measure of the actual change in output 
around zero over the specified temperature range. The 
offset is measured at tmm, +25°C, and tmax. The maximum 
change in Offset is referenced to the Offset at +25°C and 
is divided by the temperature range. This drift is ex- 
pressed in parts per million of full scale range per °C 
(ppmof FSR/°C). 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
the DAC63 is +2.0V and -0.5V. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/ A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive or negative supplies about the nomi- 
nal power supply voltage. To insure precision operation, 
each supply lead should be bypassed to ground as close 
to the unit as possible with a l/uF CS-type tantalum 
capacitor. 

GROUNDING 

Care must be exercised when grounding the DAC63 
(pins 13, 14, 15, 16, and 17). In order to preserve the stated 
linearity and accuracy specifications it is necessary to use 
the ground pins as the analog ground reference point. 
Any voltage drop that develops between any of these five 
pins and the actual ground reference point will degrade 
the performance of the DAC63. To achieve fast settling 
performance it is recommended that pins 13 through 17 
be returned directly to a ground plane (see Figure 1). The 
analog ground should be located as close to the DAC63 
as possible. Otherwise, the accuracy will be degraded by 
the voltage drop in the ground lines. 



0AC63 
23 13 14 15 16 17 18 24 



OUTPUT 



GROUND 



mh/// \ }///}///// 



' 15V0C 






15VDC 



DIGITAL INTERFACE, LOGIC THRESHOLD, 
AND NOISE IMMUNITY 

The DAC63 is compatible with conventional ECL logic 
families such as ECL 10,000. The circuit diagram shows 
that the equivalent circuit of each D AC63 digital input is 
the base of one side of a differential amplifier. The logic 1 
input voltage is —0.85V with a typical input current of 
S^cA. The logic input voltage is —1.75V with an input 
current of less than 8nA. 

The Logic Threshold function of the DAC63 is very 
important in dealing with noise in the ECL input-driving 
circuitry. The ECL 10,000 logic family has a noise 
immunity of 125mV maximum. It has a temperature 
coefficient of — 1.4mV/°C and a power supply sensitivity 
of 16mV/%AV. With a realistic condition of a 5% power 
supply variation and a 25°C temperature change, the 
noise immunity would be degraded to lOmV. In addi- 
tion, a precision D/A converter is more susceptible to 
noise than is the ECL logic. Noise at levels acceptable to 
the logic can couple through the D/A, resulting in an 
unacceptably noisy output. 

Through the logic threshold input, the threshold voltage 
of the DAC63 is dynamically adjusted as the tempera- 
ture and power supplies vary to give maximum noise 
immunity at the analog output over a wide range of 
conditions. 

If an MC10115 line receiver (or similar logic function) is 
used to drive the DAC63 input, the logic threshold pin 
can be driven by the Vbb output of the ECL gate. Refer 
to an ECL 10,000 data book for more detail. Figure 2 
shows alternate methods for generating the drive signal 
for logic threshold, pin 22. 



METHOD 1 



-52V A 



D I 33011 
Lo« 200n 
>330n 



TO LOGIC 

' THRESHOLD 

(pin 22) 



-52V I 



The gate is an MCI 01 01. The following logic types can also be used in this 
manner: MC10102. MC10103. MC10104. MC10105. MC10107. and MC10108 
(All ECL 10.000). 



METHOD 2 



INPUT 
DIGITAL DATA 



I 



MC10115 



BIT1 



BIT 2 



BIT 3 



BIT 4 



'BB 



OUTPUT 
DIGITAL DATA 



TO LOGIC 



THRESHOLD (pin 22) 



FIGURE 2. Driving the Logic Threshold Input. 

SETTLING TIME 

Settling time for the DAC63 is the total time required for 
the output to settle within an error band around its final 
value after a digital input change. This time includes the 
digital delay of the internal switches. 



FIGURE 1. DAC63 Grounding 
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The settling time of the D AC63 is determined by digitiz- 
ing the output waveform produced by toggling the 
inputs between 011111111111 and 100000000000 continu- 
ously and verifying the output settles to within ±1/2LSB 
in the specified time. The testing technique used is de- 
scribed in detail in Application Note AN-115 which can 
be obtained from the factorv. 

Figure 3 shows a typical settling time curve of the 
DAC63 versus output error. This curve is for full-scale 
digital code changes. Figure 4 is a photograph showing 
typical output response characteristics of the DAC63. 
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FIGURE 3. Output Error vs Settling Time (typical). 



Digital Input 




Digital Input 




FIGURE 4. Full Scale Settling of DAC63 into 500 
Load. 



In order to achieve minimum settling time it is necessary 
to observe the following good high frequency construc- 
tion techniques: 

1. The power supplies, including the logic threshold 
input (pin 22), should be bypassed by 1/xF CS-type 
tantalum capacitors. 

2. Use a ground plane to connect common ground 
points. 

3. Remove the ground plane from underneath signal 
lines where it would ^dd capacitance. 

4. Separate analog and digital signal leads to avoid cou- 
pling of the digital signal into the analog paths. 

5. Bring the source of the digital driving signal as close 
to the inputs of the DAC63 as possible. If the digital 
inputs are not clean it will be necessary to reshape 
them using registers or line drivers. Figure 6 shows 
how to interface the DAC63 to an input register. It is 
recommended that the logic power line be bypassed 
near the digital logic circuitry as a further measure to 
achieve clean signals. 

6. If possible, the DAC63 should be soldered directly 
into the printed circuit board since connector lead 
length will cause ringing in the output. 

OUTPUT GLITCH 

"Glitch" is defined as the difference in the waveforms at 
the output of the DAC if there is data skew and if there is 
not. The measurement of glitch is accomplished by 
measuring the area between these two waveforms. 
An output glitch of less than 250LSB-nsec is achievable 
with the DAC63 because it employs ECL circuitry with 
current switches that have virtually identical delay times 
for logic signals making either positive or negative tran- 
sitions. A glitch results when the digital data changes 
from one code to the next and the bits do not all switch 
at the same time. The delay time between the earliest and 
latest switching bits is called skew time. Typically during 
the skew time of the digital data, which includes the 
DAC switching, the digital code is undefined and the 
DAC output can go to any voltage between the full scale 
extremes. The glitch creates a noisy output which can be 
troublesome in some applications such as precision dis- 
plays and complex waveform generation. Figure 5 is a 
photograph of a scope trace of the DAC output with a 
glitch occurring at the major carry transition. 

The DAC63 design has been optimized for low glitch 
energy. However, a further reduction in the output glitch 
can be achieved by adjusting the skew of the higher order 
bits of the driving circuitry and by adjusting the logic 
threshold. This can be done by connecting a variable 
capacitor from the data lines to ground on each of the 
first three significant bits (more than three lines may be 
adjusted if desired). Refer to Figure 6. It will be neces- 
sary to create a driving digital code pattern that causes a 
major carry transition around these bits. It is convenient 
to use a digital ramp from a counter for this purpose. 
Initially set the logic threshold exactly half-way between 
logic 1 and a logic 0. This will be about —1.3V. Then 
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200nsec/div 
Input Digital Code 



FIGURE 5. Typical Glitch Repsonse of DAC63 at 

Major Carry Transition with a 1.6V Full 
Scale Range. 

examine the major carry transition associated with bit 3 
and adjust the capacitor for minimum glitch. Make the 
same adjustment to bit 2 and then to bit 1. If done in this 
order, interactions will be minimized. Finally, fine tune 
the response by adjusting the logic threshold voltage (pin 
22) for minimum glitch. It may be necessary to repeat 
this procedure once or twice for complete optimization. 



OUTPUT CONFIGURATIONS 
AND APPLICATIONS 
INFORMATION 

The DAC63 contains two 1.24kn resistors for generating 
the bipolar offset current and a IkH resistor which is 
primarily used as the feedback resistor when used with 
an external op amp. This thin-film network is con- 
structed on sapphire to provide excellent temperature 
tracking capability inherent in thin-film networks. These 
internal resistors along with other internal resistors 
cause the DAC63 output, in any mode, to be a ratiomet- 
ric product of the reference. The feedback resistor has 
very low power sensitivity so that linearity is maintained 
independent of digital code changes. Because this resis- 
tor is constructed on a sapphire network, it is possible to 
have both superior tracking and low capacitance. Figure 
7 shows the DAC63 connected to an external op amp in 
unipolar and bipolar modes. With the Burr-Brown model 
OPA600 it is possible to achieve settling times to ±0.01% 
accuracy in ISOnsec. Many of the output accuracy and 
linearity specifications are given when connected to an 
external op amp. 

For highest speed operation, the DAC63 should be used 
without an external op amp. Figures 8 and 9 show how 
to connect the DAC63 for bipolar and positive unipolar 



(MSB) BIT 1 - 
BIT2- 
BIT3- 
BIT4- 
BIT5- 
BIT6- 



BiT7- 
BIT8- 
BIT9-- 
BITIO- 
BIT 11- 
(LSB)BIT12-- 

DATA STROBE 



MC10176 



CLOCK 



MCI 01 76 



CLOCK 




V 



C2 



# 



s 



J^ 




NOTES- 

1 Pbll-down resistors are all 510(i 

2. C). C2. C3 adjusted between and 50pF for minimum glitch. 

3. Power and ground connections are not shown 



MC10I16 




BIT 1 (MSB) 
BIT 2 
BITS 
BIT 4 
BITS 
BIT 6 

DAG 63 



BIT 7 
BITS 
BIT 9 
BIT 10 
BIT 11 
BIT 12 

LOGIC THRESHOLD 



22 



FIGURE 6. DAC63 Interface to Input Latches Including Glitch-Adjust Circuitry. 



Burr-Brown IC Data Book 



6.2-140 



Vol. 33 



operation. Figure 10 illustrates how to connect the 
DAC63 to construct a fast A/D converter. The ADC 
attempts to create a null at the DAC output, so it is 



possible to clamp the output voltage with a pair of 
diodes, thereby avoiding the negative compliance limit. 



6.2VC 



l = Oto 
10mA ( 



^200(1 



DAC63 



Make this connection to 
20 get Bipoiar Operation GAIN ADJUST 



4991(11 



501! 



1.5Mn^ 





OUT 







Unipolar 


Bipolar 


Digital Codes 

vs 
Output Voltage 


111111111111 
011111111111 
000000000000 


OOOOV 
5 OOOOV 
9 9976V 


-5 OOOOV 
OOOOV 
4 9976V 


R Value 


R 


16911 


14711 


f^inSb 
Connection 


1 


Open 


Connect 
to Pin 19 



.,15V OFFSET ADJUST 

-i-|lOOkii 

-15V 1 

I/O Relationships with Configurations Using External Op Amp 



FIGURE 7. Bipolar and Unipolar Output Connections when Used with External Op Amp. 
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"OUT 



17 



J5 
P- 

14 

13 



1.24kii 



Q6.2V 
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I/O Relationships for Voltage Output 
Configuration without External Op Amp 





Output Voltage | 


Digital 
Input Code 


Positive 
Unipolar 


Bipolar 


000000000000 
011111111111 
111111111111 


OOOOV 

7500V 

1 4996V 


-0 500V 
OOOOV 
500V 



FIGURE 8. Bipolar Voltage Output Without External 
Op Amp. 



T- 



FIGURE 9. Positive Unipolar Voltage Output Without 
External Op Amp. 
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Bin 

/ 



BIT 12 



/I 



+5V4 



12-BIT 
LADDER 
RESISTOR 
NETWORK 

AND 
CURRENT 
SWITCHES 



ylkn 



Ikil 



>2.7Akii 



+5VA 



Ikil 



BIT1 



BIT 12 



2504 SAR 



^2 74kii 



-15V 1 



6.2V 
REF 




- CLOCK 



*DAC63 Bits 2 through 1 1 are also connected 
to SAR Inputs Bit 2 through Bit 1 1 respectively. 



FIGURE 10. DAC63 Used in a Fast A/D Converter. 
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DAC65 



ADVANCE INFORMATION 
SUBJECT TO CHANGE 



12-Bit Video 
DIGITAL-TO-ANALOG CONVERTER 



FEATURES 



APPLICATIONS 



• FAST SETTLING: 35ns (0.012%) 

• INTEGRAL LINEARITY ERROR: 1/4 LSB 

• DIFFERENTIAL LINEARITY ERROR: 
1/4 LSB 

• HIGH SPECTRAL PURITY: -65dBC 

• MONOLITHIC 

• 24-PIN DIP PACKAGE 

• OX TO +70X AND -55° TO +125*»C 



DESCRIPTION 

The DAC65 is a fast-settling monolithic 12-bit digital- 
to-analog converter. Excellent linearity and accuracy 
are achieved with laser trimmed thin film nichrome 
resistor networks. The DAC features bipolar output 
voltage or current. It includes an intemal voltage refer- 
ence and a resistor network which can be used with an 
extemal op amp. 

Low harmonic distortion and spurious products to- 
gether with a low quantizing noise floor make the 
DAC65 a good choice for direct digital frequency 
synthesizer applications. High accuracy and low gain 
drift allow its use in high-speed test equipment designs. 
Low-noise ECL logic is used to preserve clean analog 
output spectral performance. 

The DAC65 is available in two temperature ranges: 
OC to +70C (JG and KG) and -55C to +125C (SG). It 
is packaged in a 24-pin ceramic DIP. 



• DIRECT DIGITAL FREQUENCY 
SYNTHESIZERS 

• FAST ATE SYSTEMS 

• ARBITRARY WAVEFORM GENERATORS 

• HIGH-RESOLUTION VIDEO GRAPHICS 

• DIGITAL-TO-ANALOG RECONSTRUCTION 

• SPREAD SPECTRUM LOCAL 
OSCILLATOR 



Offset Trim 
O 



+15V 

O 

Common 



-15 V 



ECL Data 
Input 



/L 



Gain Trim 
Q 



+7.8V 
Ret 



Reference 
Output 

O 



Current 

Switches 

and 



Networi< 



Logic Threshold 
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^mm©E mFQBMMTmM BUBMCT T@ CHAMi 
SPECIFICATIONS 

ELECTRICAL 

T^ = +25°C, ±V„ = ±15V, AND 5-MINUTE WARM-UP IN A NORMAL CONVECTION ENVIRONMENT UNLESS OTHERWISE NOTED. 



PARAMETER 


CONDITIONS 


DAC65JG 


DAC65KG/SG 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


INPUTS 1 


DIGITAL INPUT 


















Resolution 








12 








Bits 


ECL Logic Input Levels: V.^ 


'■L 


-1.15 




-0.88 






* 


V 


V,H 


"iH 


-1.81 




-1.475 








V 


'.L 


V,L 


0.5 


1.2 


2.0 




* 




mA 


l,H 


v,„ 


0.5 


1.2 


2.0 




* 




mA 


Logic Threshold: Voltage 




-1.2 


-1.3 


-1.4 




• 




V 


Current 




1.5 


2.3 


3.2 




* 




mA 


TRANSFER CHARACTERISTICS | 


ACCURACY 


















Unearlty Error 








±1/2 






±1/4 


LSB 


Differential Linearity Error 








±3/4 






±1/2 


LSB 


Bipolar Gain Error 






±0.12 


±1 




±0.08 


±0.125 


%FSR(^> 


Trim Range 


R,„,„=10Wi 




±5 






* 




mV 


Bipolar Zero Error 






±0.12 


±0.2 




±0.08 


±0.125 


%FSR 


Trim Range 


Rtrim^IOWJ 




±3 






* 




mV 


Monotonicity 






Guaranteed 






Guaranteed 






Power Supply Rejection 


±Vcc=±14VtO±16V 




-0.0012 


±0.1 




* 


±0.0035 


%FSR/%Vcc 


SETTLING TIME 


















Voltage Output: 


R, = 200fl (Intemal) 
















1LSB Change 


















Settling to ±0.01 2% FSR 






30 


40 




30 , 


40 


ns 


Full Scale Change 


















Settling to ±1% FSR 






17 






17 




ns 


±0.1% FSR 






23 






23 




ns 


±0.024% FSR 






30 






30 




ns 


±0.012% FSR 






35 






35 




ns 


Glitch Energy 


Major Carry 




250 






* 




LSB/ns 


DRIFT 


















Bipolar Gain 


Tmin *0 T'max 




±15 






±20 




ppm FSR/°C 


Bipolar Offset 


T„,NtoT^ 




±0.3 






±0.5 




ppm/°C 


Linearity Error 


TjJi^ to T^^yyj 






±.74 






±.5 


LSB 


Differential Linearity Error 


TwiNtoT^^ 






±1 






±.75 


LSB 


REf^ERENCE | 


Reference Output Voltage 




+6.24 


+7.8 


+9.36 




* 




V 


Reference Temperature Drift 


Twin to Ty^ 




±15 






* 




ppmA'C 


OUTPUT 1 


ANALOG OUTPUT 


















Bipolar Output Current 


R, = on 




±6.25 










mA 


Bipolar Output Voltage 


R, = «. 




±1.2 










V 


Output Impedance 






200 










Q. 


Internal Resistors:R, 


Pin 18 to pin 20 




750 










Q. 


R2 


Pin 18 to pin 15 




250 










a 


Ratio Accuracy 


R/R, 




0.01 










% 


Absolute Accuracy 


R,.R, 




0.25 










% 


POWER SUPPLIES 1 


Rated Voltage 


±Vcc 




±15 






* 




V 


Derated Performance 


±Vcc 


±13 




±16 


* 




* 


V 


Current Quiescent: +1^^ 


Vq = + Full-scale 




24 






24 




mA 


-•cc 


Vq = -f Full-Scale 




54 






54 




mA 


Power Dissipation 


Vq = + Full-scale 




1.2 






* 


* 


W 


TEMPERATURE RANGE | 


Specification JG.KG . 


Case Temperature 







+70 







+70 


"0 


SG 










-55 




+125 


»C 


Operating JG. KG 


Case Temperature 


-25 




+85 


-25 




+85 


°C 


SG 










-55 




+125 


«C 


Qjc 






10 






10 




«C/W 


e.A 






25 






25 




oc/w 



NOTES: * Same specifications as for DAC65JG. (1) FSR means Full Scale Range which is 2.5Vp-p. (2) Refer to Output Glitch section. 
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MECHANICAL 



mMOT TO OHAli 



G Package— 24-Pin Ceramic DIP 




















1 


-•- F 


^ 


ffl 


mi 


ji 


m 


W\ 


t c 

t 
















Hh- -^ G 


■*- ♦ 


♦D 


-Ses 


ting Plane 



DIM 


INCHES 


MILUMETERS 1 


MIN 


MAX 


MIN 


MAX 


A 


1.238 


1.262 


31.45 


32.05 


B 


.586 


.602 


14.88 


15.29 


C 


.160 


.196 


4.06 


4.98 


D 


.160 


.196 


4.06 


4.98 


F 


.038 


.042 


0.97 


1.07 


G 


.100 


BASIC 


2.54 BASIC 1 


H 


.067 


.085 


1.70 


2.16 


1 


.008 


.012 


0.12 


0.30 


J 


.008 


.012 


0.20 


0.30 


K 


.170 


BASIC 


4.32 BASIC 


L 


.600 


BASIC 


15.24 BASIC 


N 


.040 


.060 


1.02 1 1.52 




















•^ J 









NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. May 
not be marked on 
package. Case: 
Ceramic. Weight: 4.4 
grams (0.1 6oz) 



in 

CO 

O 

< 



PIN CONFIGURATION 



ORDERING INFORMATION 









Biti [] 


1 24 


H -Vcc(-15V) 


Bit 2 [] 




]] +Vcc (+15V) 


Bits [^ 




^ Threshold Trim 


Bit 4 [^ 




_J Reference Out 


Bits Q 




^ Resistor 1 


Bite ^ 




]] DAC Output 


Bit? [] 




]] Resistor 2 


Bits [^ 




^ Offset Trim 


Bit 9 [^ 




^ Gain Trim 


Bit 10 [[] 




1 Ground 


Bit 11 [] 




_J Ground 


Bit 12 [[ 


12 13 


_J Ground 









Basic Model Number 

Performance Grade Code 

J, K: O^C to +70°C Case Temperature 
S: -55°C to +125°C Case Temperature 
Package Code- 



DAC65 

1 — 



{ )( ) Q 



G: 24-Pin Ceramic DIP 
Reliability Screening 



0: Q-Screened 



ABSOLUTE MAXIMUM RATINGS 



±Vcc ±18V 

Logic Input OV to -5.2V 

Case Temperature -SS^C to +125°C 

Junction Temperature +165°C 

Storage Temperature -eS^C to +165''C 

Stresses above these ratings may permanently damage the device. 
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DAC812 



Ultra-High Speed 
DIGITAL-TO-ANALOG CONVERTER 



FEATURES 

• 12-BIT RESOLUTION AND ACCURACY 

• SSnsec CURRENT OUTPUT SETTLING TIME 

• TTL-COMPATIBLE INPUTS 

• MONOTONIC OVER ENTIRE TEMPERATURE RANGE 

• LINEARITY ERROR LESS THAN ±I/2LSB OVER 
TEMPERATURE RANGE (C GRADE) 

• HERMETIC METAL PACKAGE 



O 



O 
O 

o 

1o 
o 
o 
o 
o 
o 



D/A 
SWITCHES 

AND 
RESISTOR 
LADDER 
NETWORK 






BIPOLAR OFFSET 




Q\loo 

Q ANALOG COMMON 
Q ANALOG COMMON 
Q ANALOG COMMON 
Q ANALOG COMMON 
^ DIGITAL COMMON 



DESCRIPTION 

The D ACS 12 is an ultra-fast-settling 12-bit current- 
output D/A converter with TTL-compatible inputs 
packaged in a 24-pin dual-wide dual-in-line hermetic 
metal package. 

The current output settles to ±0.012% of full scale 
range in 55nsec, typical (65nsec, max., C grade; 
SOnsec, max., B grade). 

The DAC812 utilizes a monolithic 12-bit switch chip 
with stable, compatible thin-film resistors to achieve 
fast settling time and excellent stability over temper- 
ature and time. An internal applications resistor for 
use with an external op amp is included to convert 
the output current into a voltage for OV to +10V or 
— 5V to +5V ranges. 

An output voltage compliance range of H-4V to — 4V 
allows the generation of an output voltage without 
using an external output amplifier. 

The D ACS 12 comes in two drift grades. The linear- 
ity error of the C grade is guaranteed to be within 
±1/2LSB over the temperature range of — 25°C to 
-l-S5°C. Gain drift of the C grade is ±20ppm/°C 
(max) and bipolar offset drift is ±10ppm of FSR/°C 
(max). The B grade has a linearity error of ±1LSB 
over the temperature range and a maximum gain 
drift and bipolar offset drift of ±40ppm/°C and 
±15ppm/°C, respectively. 
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SPECIFICATIONS 



ELECTRICAL 

At Ta = +25° C, rated power supplies, and after 5-minute warm-up unless otherwise noted 



MODEL 


DAC812CM 


DAC812BM 


UNITS 1 


MIN 


TYP 1 MAX 


MIN 1 TYP 1 MAX 


INPUT 1 


DIGITAL INPUT 
















Resolution, CS8, COB 






12 








Bits 


Logic Inputs. Vih 


+2.0 




+5.25 


* 






V 


V,u 


00 




+0.8 


* 






V 


l,H, V, = +2 7V 






+40 








AiA 


l,L. V, = +0 4V 






-1 8 








mA 


TRANSFER CHARACTERISTICS | 


ACCURACY 
















Linearity Error 




±0.006 


±0.012 




±0.009 


±0 018 


% of FSR"' 


Differential Linearity Error 






±0.012 






±0.018 


% of FSR 


Gam Error'^' 




±0.03 


±0.1 




* 


* 


% 


Offset Error'^* Unipolar 




±0.02 


±0.04 




• 


* 


% of FSR 


Bipolar 




±0.03 


±0.1 




* 


* 


% of FSR 


Monotonicity Temp. Range (min) 


-25 




+85 


♦ 




* 


°C 


CONVERSION SPEED 
















Settling Time to ±1/2LSB into 150O 
















For FSR Change 




55 


65 




♦ 


80 


nsec 


For 1LSB Change 




25 






* 




nsec 


DRIFT 
















Gain 




±10 


±20 




±20 


±40 


ppm/^C 


Offset: Unipolar 




±0.25 


±0.5 




±0 5 


±1 


ppmofFSR/»C 


Bipolar 






±10 






±15 


ppm of FSR/'C 


Linearity Error 


±0 012< 


)ver Temp. Range (max) 


±0 025 over Temp. Range (max) 


% of FSR 


Differential Linearity Error 


±0 025 


aver Temp Range (max) 


±0 04 over Temp. Range (max) 


% of FSR 


OUTPUT 1 


ANALOG OUTPUT 
















Output Current- Unipolar 




Oto-10 






* 




mA 


Bipolar 




-5 to +5 






* 




mA 


Output Voltage Ranges 
















with External Op Amp. Unipolar 




Oto+10 






* 




V 


Bipolar 




-5 to +5 






* 




V 


Output Impedance: Unipolar 




170 






* 







Bipolar 




150 






* 







Output Compliance 


-4 




+4 


* 




♦ 


V 


POWER SUPPLIES 1 


Power Supply Sensitivity. +Vcc 






±0.004 








%FSR/%Vcc 


-Vcc 






±0 001 








%FSR/%Vcc 


Vdd 






±0.0002 








%FSR/%Vdd 


Power Supply Voltages' +Vcc 


+114 


+15 


+18 


* 






V 


-Vcc 


-18 


-15 


-14 


* 






V 


Vdd 


+4.5 


+5 


+5 5 


* 






V 


Power Supply Current +Vcc 




+30 


+40 








mA 


-Vcc 




-40 


-50 








mA 


Vdd 




+25 


+40 








mA 


Power Dissipation 




1.2 


1.6 








W 


PHYSICAL CHARACTERISTICS | 


TEMPERATURE RANGE 
















Specification 


-25 




+85 


* 




* 


"C 


Storage 


-55 




+150 


* 




* 


"C 


PACKAGE 




24-pin Herm« 
0.6" Pin R< 


jtic Metal DIP 
)w Spacing 





CM 
00 

O 

< 



* Specif icatiofi the same as for DAC812CM 

NOTES: (1) FSR is full-scale range. (2) Adjustable to zero with external potentiometer. Gain error is specified for unadjusted operation using internal 

resistor networit. See Figure 5 and Figure 6. 
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MECHANICAL 




NOTE 

Leads in true position within 
010" ( 25mm) R at MMC at 
seating plane 



r^i 



j|iiiiiiiiiL 



C" 



ir: 



U-.^ 



•eeoooooc 



^ 



e e o o o e 



Pin numbers shown for refer- 
ence only Numbers may not 
be marked on package 





DIM 


INCHES 


MILLIMETERS | 




MIN 


MAX 


MIN 


MAX 


A 


1 365 


1 385 


34 67 


35 18 


B 


790 


810 


20 07 


20 57 


C 


170 


250 


4 32 


6 35 


O 


016 


021 


041 


53 




G 


100 BASIC 


2 54 BASIC 1 




H 


T25 


150 


3 18 


3 81 




K 


150 


300 


381 


7 62 




L 


600 BASIC 


15 24 BASIC 




R 


080 1 110 


2 03 1 2 79 



PIN ASSIGNMENTS 






Pin 


Function 


Pin 


Function 


1 


Bit 1 (MSB, Data Input) 


14 


Digital Common 


2 


Bit 2 




(Vdo Common) 


3 


Bit 3 


15 


Analog Common 


4 


Bit 4 




(±Vcc Common) 


5 


Bits 


16 


Analog Common 


6 


Bite 


17 


Analog Common 


7 


Bit 7 


18 


Analog Common 


8 


Bits 


19 


Voo (Logic Supply) 


9 


Bits 


20 


louT (Current Output) 


10 


Bit 10 


21 


Rf (Application Resistor) 


11 


Bit 11 


22 


BPO (Bipolar Offset) 


12 


Bit 12 (LSB) 


23 


-Vcc (Negative Analog 


13 


No connection 




Supply) 






24 


+Vcc (Positive Analog 
Supply) 



DISCUSSION OF 
SPECIFICATIONS 

ACCURACY 

Linearity of a D/A converter is one of the true measures 
of its performance. The linearity error of the DAC812 is 
specified over its entire temperature range. The analog 
output will not vary by more than ±1/2LSB (±1LSB for 
the BM model) from a best-fit straight line over the 
specified temperature range of — 25°C to +85°C. 

Differential linearity error of a D/A converter is the 
deviation from an ideal ILSB voltage change from one 
adjacent output state to the next. A differential linearity 
error specification of ±1/2LSB means that the output 
voltage step sizes can range from 1/2LSB to 3/2LSB 
when the input changes from one adjacent input state to 
the next. 

Monotonicity over a — 25°C to +85°C range is guaran- 
teed to insure that the analog output will increase or 
remain the same for increasing input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale 
range output over temperature expressed in parts per 
million per °C (ppm/°C). Gain drift is established by 1) 
testing the end point differences for the DAC812 at tmm, 
-f25°C, and tmax; 2) calculating the gain error with 
respect to the +25°C value and; 3) dividing by the 
temperature change. This figure is expressed in ppm/°C 
and is given in the electrical specifications (includes 
internal reference). 

Offset Drift is a measure of the actual change in output 
around the minus full-scale point over the specified 
temperature range. The offset is measured at tmin, -l-25°C, 
and tmax. The maximum change in Offset is referenced to 
the Offset at +25X and is divided by the temperature 



range. This drift is expressed in parts per million of full 
scale range per °C (ppm of FSR/°C). 

COMPLIANCE 

Compliance voltage is the maximum voltage swing 
allowed on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
the DAC812 is ±4.0V. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
defined as a percent of FSR per percent of change in 
either the positive or negative supplies about the nomi- 
nal power supply voltages. To insure precision opera- 
tion, each supply lead should be bypassed to ground as 
close to the unit as possible with a l/uF CS-type tantalum 
capacitor. 

GROUNDING 

Care must be exercised when grounding the DAC812 
(pins 14, 15, 16, 17, and 18). In order to preserve the stated 
linearity and accuracy specifications it is necessary to use 
the ground pins as the analog ground reference point. 
Any voltage drop that develops between any of these five 
pins and the actual ground reference point will degrade 
the performance of the DAC812. To achieve fast settling 
performance it is recommended that pins 14 through 18 
be returned directly to a ground plane (see Figure 1). The 
analog ground should be located as close to the DAC812 
as possible. Otherwise, the accuracy will be degraded by 
the voltage drop in the ground lines. 

SETTLING TIME 

Settling time for the D ACS 12 is the total time required 
for the output to settle within an error band around its 
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FIGURE 1. DAC812 Grounding Using Feedback Resis- 
tor to Generate Output Voltage. 

final value after a digital input change. This time includes 
the digital delay of the internal switches. 
Figure 2 shows a typical settling time curve of the 
DAC812 versus output error. This curve is for full-scale 
digital code changes. Figures 3 and 4 show typical mea- 
sured settling time characteristics of the DAC812. 
In order to achieve the minimum settling time, it is 
necessary to observe the following good high frequency 
construction techniques. 

1. The power supplies should be bypassed by 1/liF CS- 
type tantalum capacitors. 

2. Use a ground plane to connect common ground 
points. 

3. Remove the ground plane from underneath signal 
lines where it would add capacitance. 

4. Keep analog and digital signal lines physically separ- 
ated to avoid coupling of the digital signal into the 
analog paths. 









±01. 




















X) 
























Positive Transition 
























li 


( 


• 














\ 




\ 








±2LSB 


3 oc ■ 

O CO 

3 

o 

±0 01- 




"T~ 


Y 










- 




\ 


\ 


Negative Transition 
1 






— 


-- 


\- 


-i 





-- 
















\ 





^ 





_ 


±1 


2LSB 








> 






















V_ 




















^^ 


^ 




^ 
















■• 




^u 


























1 


D 20 30 40 50 60 70 80 90 1( 
Settling Time (nsec) 



_ 


— T" T I ■ r ! I 1 1 I ! 1 1 1 1 1 1 1 1 


3 - 




2 - 




JB's) 




J 




1 0- 


H-i- h h^>^H^b^f^4-t4--^4H^4^ 


< 1 _ 


7 




J 


-2 - 


1 


-3- 


I 



40 60 

Settling Time (nsec) 



CM 

T- 

00 

O 

< 



FIGURE 3. Typical DAC812 Negative-to-Positive FuU- 
Scale Output Characteristic. 
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FIGURE 2. DAC812 Typical Settling Time vs. Accuracy 



FIGURE 4. Typical Positive-to-Negative Full-Scale 
Output Characteristic. 
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5. Bring the source of the digital driving signal as close 
to the inputs of the D ACS 12 as possible. If the digital 
inputs are not clean it will be necessary to reshape 
them using registers or line drivers. It is recommended 
that the logic power line be bypassed near the digital 
logic circuitry as a further measure to achieve clean 
signals. 

6. If possible, the D ACS 12 should be soldered directly 
into the printed circuit board since connector lead 
length will cause ringing in the output. 

OUTPUT CONFIGURATIONS 
AND APPLICATIONS 
INFORMATION 

The DAC812 contains a 1.24kn resistor for generating 
the bipolar offset current and a IkH resistor which is 
used as the feedback resistor when used with an external 
op amp. This thin-film network is constructed on sapphire 
to provide excellent temperature tracking capability 
inherent in thin-film networks. These internal resistors 
along with other internal resistors cause the D ACS 12 
output, in any mode, to be a ratiometric product of the 



reference. The feedback resistor has very low power 
sensitivity so that linearity i$ maintained independent of 
digital-code changes. Because this resistor is constructed 
on a sapphire network, it is possible to have both superior 
tracking and low capacitance. 

Figure 5 shows the D ACS 12 connected to an external op 
amp in unipolar and bipolar modes. When the op amp is a 
Burr-Brown model OPA600 it is possible to achieve 
settling times to 0.1% accuracy in ISOnsec. Output accuracy 
and linearity specifications are given when connected to 
an external op amp. 

For highest speed operation, the DACS12 should be used 
without an external op amp. Figure 6 shows how to 
connect the D ACS 12 for bipolar and unipolar operation. 
Figure 7 illustrates how to connect the DACS12 to con- 
struct a fast A/D converter. 
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10mA 



^}kQ 
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DAC812 



-CONNECT FOR BIPOLAR OPERATION 



GAIN ADJUST 



499kQ 



( OFFSET ADJUST 

-Vcc -^^AA/A^\v^ +Vcc 
lOOko 




Value of Ro 



Pin 22 Connection 



Unipolar 



+9.9976V 

+5.0000V 

O.OOOOV 



1690 



Open 



Bipolar 



+4.9976V 

O.OOOOV 

-5.0000V 



1470 



Connect to Pin 20 



FIGURE 5. Bipolar and Unipolar Output Connections with External Op Amp. 



CONNECT FOR BIPOLAR OPERATION 




Binary Digital 
Input Code 


Output Voltage | 


Unipolar 


Bipolar 


OOOh 
7FFh 
FFFh 


-1.4996V 

-0.7500V 

O.OOOOV 


-0.4998V 

O.OOOOV 

-K).5000V 


Pin 22 Connection 


Open 


Connect to Pin 20 



300O FOR BIPOLAR CONNECTION 
1240n FOR UNIPOLAR CONNECTION 



FIGURE 6. Bipolar and Unipolar Output Connection with Resistor Load Only. 
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< 



BIT1 
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- CLOCK 



*DAC812 Bits 2 through 11 are also 
to SAR Inputs BH 2 through Bit 11 



FIGURE 7. DAC812 Used in a Fast A/D Converter. 
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PCM53JP, KP 



DESIGNED FOR AUDIO 



16-Bit Monolithic 
DIGITAL-TO-ANALOG CONVERTER 



FEATURES 

• LOW COST 

• NO EXTERNAL COMPONENTS REQUIRED 

• 16-BIT RESOLUTION 

• 16-BIT MONOTONICITY. typ 

• 0.001% OF FSR TYP DIFFERENTIAL LINEARITY 
ERROR 

• 0.0025% max THD (FS Input, KP Grade, 16 Bits) 

• 0.02% max THD (-20dB Input, KP Grade, 16 Bits) 

• 3//sec SETTLING TIME, typ 

• g6dB DYNAMIC RANGE 

• ±10V AUDIO OUTPUT 

• EIAJ STC-007 COMPATIBLE 

• INDUSTRY-STANDARD PINOUT 

• COMPACT. PLASTIC DIP PACKAGE 



DESCRIPTION 

The PCM53 family of converters are state-of-the- 
art, fully monolithic, digital-to-analog converters 
that are designed and specified for digital audio 
applications. These devices employ a segmented 
architecture and ultra-stable, nichrome (NiCr), thin- 
film, well-matched resistors to provide monotoni- 
city, low distortion, and low differential linearity 
error (especially around bipolar zero) over long 
periods of time and over the full operating tempera- 
ture range. 

The PCM53 converters are completely self-con- 
tained with stable, low noise, internal, zener voltage 
reference; high speed current switches; resistor ladder 
network; and fast-settling, low noise, output opera- 
tional amplifier all on a single monolithic chip. A 
special, open-loop reference circuit helps provide the 
fast settling time required for critical audio applica- 
tions. The converters can be operated using two 
power supplies (±15V) instead of three separate 
supplies. Few external components are necessary for 
operation, and all critical specifications are 100% 
tested. This helps to assure the user of high system 
reliability and outstanding overall system perfor- 
mance. 

The current output models settle to within ±0.006% 
of FSR final value in typically 350nsec in response 
to a full-scale change in the digital input code. 
These converters are packaged in a high-quality 
molded plastic package and have passed operating 
life tests under simultaneous high-pressure, high- 
temperature and high humidity conditions. 
The letters V and I (e.g. PCM53JP-V and 
PCM53KP-I) refer to the voltage-output and current- 
output models respectively. 
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SPECIFICATIONS 

ELECTRICAL 

Ta = +25°C rated power supplies unless otherwise noted 



MODEL 


PCM53JP-I, - 


V 


PCM53KP-I, -V 


UNITS 


MIN 


TYP 


MAX 


MIN 1 TYP 1 MAX 


INPUT 1 


DIGITAL INPUT 
















Resolution 




16 










Bits 


Dynamic Range 




96 










dB 


Logic Levels (TTL/CMOS Compatible Logic "1" at +40/uA 


+2 4 




+Vcc 








VDC 


Logic "0" at -0 5mA 







+0 8 








VDC 


TRANSFER CHARACTERISTICS | 


ACCURACY 
















Gam Error 




+0 1 


±2 5 






±1 


% 


Bipolar Zero Error'^' 




±10 


±200 






±50 


mV 


Differential Linearity Error at Bipolar Zero 




001 


005 






003 


% of FSR'^' 


Noise (rms)(20Hz to 20kHz) at Bipolar Zero (Vout models) 




30 


60 








^\J 


TOTAL HARMONIC DISTORTION'^' (16-Bit Resolution) 
















Vo = +FS at f = 420Hz 




002 


004 






0025 


% 


Vo = -20dB at f = 420Hz 




02 


04 






02 


% 


Vo = -60dBatf = 420Hz 




1 9 


40 






20 


% 


MONOTONICITY 




16 










Bits 


DRIFT (OX to +70°C) 
















Total Bipolar Drift (includes gam, offset, and linearity drift) 




±25 
±0 1 
±0 01 


±150 
±0 68 
±0 06 






: 


ppm of FSR/°C 

% of FSR 

dB 


Bipolar Zero Drift 




±4 


±20 








ppm of FSR/°C 


SETTLING TIME (to ±0 006% of FSR) 
















Voltage Models Output 10V Step 




3 










fjsec 


ILSBStep 




1 










/usee 


Current Models Output (1mA Step) 10O to lOOQ Load 




350 










nsec 


IkQ Load*"' 




350 










nsec 


Deghtcher Delay (THD Test)'^' 




25 


40 






* 


//sec 


Slew Rate 




10 










M/lisec 


WARM-UP TIME 


1 












Mm 


OUTPUT 1 


ANALOG OUTPUT 
















Voltage Models Output Voltage Range 


±9 75 


±10 


+10 25 


±9 90 




±10 1 


V 


Output Current 


±5 












mA 


Output Impedance 




01 






* 




Q 


Short-Circuit Duration 


Indef 


nite to Con 


imon 










Current Models Output Current Range(±30%) 




±1 










mA 


Output Impedance (±30%) 




24 










kfi 


POWER SUPPLY 1 


SENSITIVITY 
















+Vcc 




±0 001 










% of FSR/%Vcc 


-Vcc 




±0 001 










% of FSR/%Vcc 


Vdd 




±0 001 










% of FSR/%Vcc 


POWER SUPPLY REQUIREMENTS 
















Voltage ±Vcc'^' 


±14 25 


±15 


±15 75 


* 


* 


* 


VDC 


Vdd'^' 


+4 75 


+5 


+15 75 








VDC 


(Vdd may be connected to +Vcc supply voltage Result is slightly 
















increased total power dissipation of approximately 40mW) 
















Supply Dram (no load) +Vcc'®' 




+18 


+30 








mA 


-Vcc"' 




-18 


-30 








mA 


Voo'«' 




+4 


+10 








mA 


TEMPERATURE RANGE | 


Specification 







+70 


* 




* 


»c 


Operating 


-25 




+85 


* 




* 


=c 



NOTES (1) Adjustable to zero with external potentiometer (2) FSR means Full-Scale Range and is 20V for ±10V voltage output models and 2mA for 
±1mA current output models (3) The measurement of total harmonic distortion is highly dependent on the characteristics of the measurement circuit A 
block diagram of a measurement circuit is shown in Figure 2 Burr-Brown may calculate THD from the measured linearity errors using equation 2 in the 
section on "Total Harmonic Distortion," but specifies that the maximum THD measured with the circuit shown m Figure 2 will be less than the limits 
indicated (4) Measured with an active clamp to provide a low impedance for approximately 200nsec (5) Deghtcher or Sample/Hold delay used in THD 
measurement test circuit See Figures 2 and 3 (6) See Connection Diagram and Pin Assignments 
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ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltages... 
Input Logic Voltage ... 
Storage Temperature. . 
Lead Temperature 
Durina Solderina 


+18VDC 

-IV to +Supply Voltage 
-55°C to +100°C 


msfin at +v'^00°C 


u g g , 



PIN ASSIGNMENTS 



MECHANICAL 



r^r^Ar^ir^r^r^r^r^r^r^r^ 


24 13 1 


) O O 


1 

B 


1 12 





(TOP VIEW) 



^^^^V^^'V^V^V'^^V^^V^ 




4o\. 




'ir/n^ 


•H w D 


DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 




1.233 


1.233 


31.32 


32.88 




.333 


.876 


13.87 


14.81 




.133 


.224 


4.23 


8.70 




.018 


.023 


0.33 


0.83 




.043 


.082 


1.08 


1.67 




.100 BASIC 


2.84 BASIC 1 




.030 


.030 


0.78 


2.29 




.003 


.018 


0.20 


0.33 




.100 


,132 


2.84 


3.36 




.800 BASIC 


18.24 BASIC 


M 


0» IB* 


0» 18» 


N 


.013 .022 


0.48 0.68 



NOTE 

Leads in true position 
withmO 10" (0 25mm Rat 
MMC at seating plane. 



CONNECTION DIAGRAM 




^ 7 CURRENT 
/7 _ SOURCES 
W AND 3 TO 7 
/^ _ DECODERS 

Ql "" 13-BIT 

j^ LADDER 

\^ "" RESISTOR 

a NETWORK 

— AND 
CURRENT 

(^ — SOURCES 



'CURRENT OUTPUT MODELS DO NOT CONTAIN Ai 



Pin No. 


PCM53KP-V, PCM53JP-V 


PCM53KP-I, PCM53JP-I 


1 


Bit 1 (MSB) 


Bit 1 (MSB) 


2 


Bit 2 


Bit 1 


3 


Bit 3 


Bit 3 


4 


Bit 4 


Bit 4 


5 


Bits 


Bit 5 


6 


Bite 


Bite 


7 


Bit 7 


Bit 7 


8 


Bit 8 


Bit 8 


9 


Bit 9 


Bit 9 , 


10 


Bit 10 


Bit 10 


11 


Bit 11 


Bit 11 


12 


Bit 12 


Bit 12 


13 


Bit 13 


Bit 13 


14 


Bit 14 


Bit 14 


15 


Bit 15 


Bit 15 


16 


Bit 16(LSB) 


Bit le(LSB) 


17 


±10V Audio Out 


R, (lOkQ ±30%) 


18 


Vdd 


' Vdd 


19 


-Vcc 


-Vcc 


20 


Common 


Common 


21 


Summing Junction 


louT, ±1mA±30% 
(Audio Output) 


22 


Test Point 


Test Point 


23 


+Vcc 


+Vcc 


24 


Reference Out (+6 3V) 


Reference Out (+6 3V) 



ORDERING INFORMATION 



Model No. 


Output 
Configuration 


PCM53JP-I 
PCM53KP-I 
PCM53JP-V 
PCM53KP-V 


±1mA 
±1mA 
±10V 
±10V 



THEORY OF OPERATION 
AND AUDIO SPECIFICATIONS 

The transfer function of an ideal binary D/A converter is 
a set of discrete output levels that lie on a straight line as 
shown in Figure 1. The number of possible discrete output 
levels, or resolution, is equal to 2" where n is the number 
of digital inputs or "bits" The PCM53 has 2'^ or 65,536 
possible output levels. Another method of expressing reso- 
lution that is useful in audio applications is Dynamic 
Range. 



1— 

1 

*SEET 








T 


0000 ...0000 - 
0000 ...0001 ; 
0111. ..1101 ■ 
0111. ..1110 • 
0111. ..1111 
1000 ...0000 . 
1000 ...0001 • 

iiii...iiio - 
1111 ...1111 - 


)} i 


ALL BITS ON — z 

GAIN 
: DRIFT ^ • 

• \ 

• 

1 }) 






• OFFSET • 

DRIFT ^ 

• 

• • 


^BIPOLAR ZERO 




mEIFORDIGITA 


-FSR/2 ANALOG OUTPUT (+FSR/2) -1 LS 
L CODE DEFINITIONS. 


B 



FIGURE 1. Input vs Output for an Ideal Bipolar 
D/A Converter. 
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DYNAMIC RANGE 

The Dynamic Range is a measure of the ratio of the smal- 
lest signals the converter can produce to the full-scale 
range and is usually expressed in decibels (dB). The theo- 
retical dynamic range of a converter is approximately 6 X 
n, or about 96dB for a 16-bit converter. The actual, or 
useful, dynamic range is limited by noise and linearity 
errors and is therefore somewhat less than the theoretical 
limit. However, this does point out that a resolution of at 
least 16 bits is required to obtain a 90dB minimum 
dynamic range, regardless of the accuracy of the conver- 
ter. Another specification that is useful for audio applica- 
tions IS Total Harmonic Distortion (THD). 

TOTAL HARMONIC DISTORTION 

THD is useful in audio applications and is a measure of 
the magnitude and distribution of the Linearity Error, 
Differential Linearity Error, and Noise, as well as Quanti- 
zation Error. To be useful, THD should be specified for 
both high level and low level input signals. This error is 
unadjustable and is the most meaningful indicator of D/ A 
converter accuracy for audio applications. 

The THD is defined as the ratio of the square root of the 
sum of the squares of the values of the harmonics to the 
value of the fundamental input frequency and is expressed 
in percent or dB. A block diagram of the test circuit used 
to measure the THD of the PCM53 is shown in Figure 2. 
A timing diagram of the control logic is shown in Figure 
3. 



B: LATCH ENABLE 










— 




C:DEGLITCHER"^ 


r 

r 


SOOnsec 


- 




— 






CONTROL 


-2.5Msec 










A: CLOCK 
Fs = 44.1kHz 




























^^ 




HliM 



FIGURE 3. Control Logic Timing for PCM53 
Distortion Test Circuit. 

If we assume that the error due to the test circuit is neglig- 
ible, then the rms value of the PCM53 error referred to the 
input can be shown to be 



.= /iS [EL(i)+Eg(itf 



(1) 



where n is the number of samples in one cycle of any given 
sine wave, EiXi) is the linearity error of the PCM53 at each 
sampling point, and Eq(i) is the quantization error at each 
sampling point. The THD can then be expressed as 



^v [E,(i)-f EQ(i)]^ 



THD = 



-X 100% 



(2) 



a. 

CO 

in 

S 

o 

Q. 



where Erms is the rms signal-voltage level. 

This expression indicates that, in general, there is a corre- 
lation between the THD and the square root of the sum of 
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BB0PA101AM 
OR EQUIVALENT 



BB 3550K 
ANALOG SWITCH OR EQUIVALENT 

(MP7512 OR EQUIVALENT) 
I 1 



DEGLITCHER 




USE 400Hz HIGH-PASS 
FILTER AND 30kHz 
LOW-PASS FILTER. 



OISTORTION 
METER 



LOW-PASS 
FILTER 



SHIBA SOKU 
MODEL 725 
OR EQUIVALENT 



TOKO 

MODEL 1-231-36-11 

DRPCM110R 

EQUIVALENT 



c 



LOW-PASS FILTER 
CHARACTERISTIC 



FREQ.(Hz) 



FIGURE 2. Block Diagram of Distortion Test Circuit. 
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the squares of the linearity errors at each digital word of 
interest. However, this expression does not mean that the 
worst-case linearity error of the D/A is directly correlated 
to the THD. 

For the PCM53 the test period was chosen to be 22.7)usec 
(44.1kHz) which is compatible with the EIAJ STC-007 
specification for PCM audio. The test frequency is 420Hz 
and the amplitude of the input signal is OdB, — 20dB, and 
— 60dB down from full scale. 

Figure 4 shows the typical THD as a function of output 

voltage. 

Figure 5 shows typical THD as a function of frequency. 



TABLE I. Digital Input Codes. 
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FIGURE 4. Total Harmonic Distortion (THD) vs Vout. 
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FIGURE 5. Total Harmonic Distortion (THD) 
vs Frequency. 



DIGITAL INPUT CODES 

The PCM53 accepts complementary digital input codes in 
binary format. It may be connected by the user for either 
complementary offset binary (COB) or complementary 
two's complement (CTC) codes. See Table I. 



DIGITAL INPUT CODES | 


MSB LSB 

i 1 

All bits ON 0000 000 

Mid Scale 0111 111 

AllbitsOFF 1111 .1111 

1000 000 1 


COB 


CTC* 


Complementary 
Offset Binary 


Complementary 
Two's Complement 


+Full Scale 

Zero 

■Full Scale 

-1LSB 


-1LSB 
-Full Scale 

Zero 
+Full Scale 



*A TTL inverter must be connected between the MSB input signal 
and bit 1 (pin 1 1 to obtain CTC input code 

DETAILED THEORY OF 
OPERATION 

In the basic design, the three functions represented by 
the complete D/A converter — the voltage reference, the 
output amplifier, and the converter — are distributed 
among six major circuit blocks (Figure 6). Three 
blocks — the open loop reference, the current-offset cir- 
cuit, and the reference output amplifier — perform the 
reference functions. The D/A conversion is performed 
by two circuits called the upper converter and the lower 
converter, which are combined into the voltage output 
by the on-chip output op amp. 

The prime requirements for a D/A converter circuit 
designed for PCM audio applications are that it have 
low differential linearity error and monotonicity and 
that it stay that way over a useful temperature range. To 
obtain this performance at 14 to 16 bits, the converter 
combines segmentation with multiple R-2R networks. 
The upper converter, which generates the three most sig- 
nificant bits, is made up of seven equal current sources 
(Qi Rei through Qy Rev), each providing 0.25mA. 
Together the sources form the upper converter current, 
Idacu. 

The three binary-coded MSBs (bits 1, 2, and 3) are 
decoded by a three-to-seven-line circuit, which sequen- 
tially selects the equal current sources as the binary code 
formed by the bits changes through the eight values (000 
to HI). Thus, as the code ranges through its values, Idacu 
changes from to 1.75mA. This scheme ensures mono- 
tonicity, reduces initial matching and tracking require- 
ments, and cuts the tracking errors that occur with 
temperature and time. 

Averaging Transistor and Resistor Shifts 

To further improve the tolerance of the upper converter 
to time and temperature change, the seven equal currents 
are turned on in the following order: Q4, Q2, Q?, Qs, Qi, 
Q6, Q3. This sequence, which produces the zero-to-full- 
scale output, averages the shifts that occur in transistor 
parameters and in the value of the emitter resistors. 
The 13 least significant bits are produced by the lower 
converter, which uses nine more equal-current sources 
for the nine middle bits and emitter area rationing for 
the 4LSBs. However, rather than being summed directly 
by the current of the upper converter (which would have 
required 2'^ — 1 equal current sources) the current sour- 
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FIGURE 6. Simplified Circuit Diagram of the PCM53 16-bit Digital-to-Analog Converter. 
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ces are further divided binarily by a pair of R-2R net- 
works, called the modified R-2R ladder and the secon- 
dary ladder. By diverting the LSB currents through the 
modified ladder, the lower converter produces Idacl. 
This current consists of 2'^ — 1 discrete, 30nA steps for 
each 0.25mA segment of the upper converter. Idacu and 
Ii)A( 1 are added at the summing junction, SJ, to form the 
Idac, which has a range that varies between and 
1.99997mA. 

The modified R-2R ladder is superior to a conventional 
R-2R ladder because its output can be increased or 
decreased by laser-trimming of its output resistors (Rx 
and Ry). Such trimming does not change the binary cur- 
rent division in the ladder. The gain of the lower conver- 
ter can then be trimmed relative to the gain of the upper 
converter without interacting or in any way affecting the 
linearity of the lower converter. 

The initial values of the 16 current sources are deter- 
mined by the voltage at the output of the reference (the 
emitter of Q23), but the sources are set to the same value 
when the emitter resistors (R1-R16) are laser-trimmed. 
The sources are turned on and off by a differential switch 
pair (such as Qsa-Qsb) driven by the low-power Schottky 
TTL-compatible input circuit (typical of D7, R7, Q7, Zs). 



Constant Power 

To maintain 16-bit performance, the on-chip power 
dissipation — and therefore the chip temperature — must 
be kept constant during code changes. Therefore the cur- 
rent from both the ON side (Qib) and the OFF side (Qia) 
of each differential switch pair in the upper converter 
should come from +Vcc, rather than one from +Vcc and 
one from ground. The on-side currents (when the bits are 
on) come from +Vcc and flow through A2 and the feed- 
back resistor, Rfb, to the summing junction to form 
Idacu. Transistor Q22 is used to provide the off-side cur- 
rent with a similar path to +Vcc. In the lower converter, 
the secondary R-2R ladder, which is connected between 
the OFF side of the differential switches and Q22, provides 
the same function by keeping the +Vcc current and the 
analog ground current constant with code changes. 
The secondary ladder also significantly reduces linearity 
errors that would otherwise be caused by external ground 
wiring. Indeed, the secondary ladder makes possible the 
use of a single ground pin, which is the only way to make 
all the connections in a 24-pin package. 
Most converters use a closed-loop op amp for precision 
DC biasing of their current sources. However, switching 
transients can cause excessive settling time in the op 
amp. To ensure minimum settling time, the PCM53 uses 
an open-loop reference circuit, which incidentally does 
not require space-consuming capacitors for frequency 
compensation or suppression of switching transients. 

The reference voltage is generated by a Kelvin-sensed 
buried zener diode. Kelvin sensing is used because the 
elements of the buried zener, Ra and Rb, have a large 
and nonlinear temperature coefficient. The Kelvin-sensed 
connection removes from the reference path the large 



voltage drop, Relz, caused by the 1mA zener current I/. 
Instead it substitutes the voltage drop produced across 
Ra by the base current of Qb. 

Since this base current is only l)uA, the drop is negligible, 
and the true zener breakdown, Vz is sensed. In addition 
great care was taken to ensure that all temperature- 
sensitive parts of the open-loop reference were laid out 
along lines of thermal equilibrium,, to prevent thermal 
settling tails. 

High-Speed Output Amplifier 

In voltage-output models, the output amplifier. A:, 
which sums all of the output currents and converts them 
into the output voltage, Vdac, must be just as accurate as 
the reference and current sources and just as fast as the 
switching circuits. 

The amplifier is very fast, and it is well behaved when 
driving a capacitive load. It slews at lOV/yusec and typi- 
cally settles to 0.003% of final value in less than 4^lsec lor 
a 20V step. For a step of ILSB at the major carry, it 
settles in 1.5)usec. The thermal tails caused by tempera- 
ture gradients and resistor self-heating are less than 
0.001% of full scale. 

Thermal tails occur when thermal gradients across the 
chip change as signal levels change. For example, when 
driving a load the output stage of the amplifier and its 
feedback resistor generate more heat at the full-scale 
output voltage than at zero. Therefore the temperature- 
sensitive differential input stage, which is close by on the 
chip, uses cross-coupled transistors and resistors to 
equalize thermal gradients. 

To achieve a +10V output swing when operating from 
±15 V, the output stage of the amplifier uses two transis- 
tor pairs connected in series. This scheme is necessary 
because the breakdown voltage of the npn transistors is 
limited to 20V by the semiconductor process. 

In addition, the output stage is biased in a class AB 
condition, so that current is always flowing. Continuous 
current flow is essential to ensure that the open-loop 
gain, Ao, and closed-loop output impedance, Ro, remain 
constant for both positive and negative full-scale output 
swings at 103dB and 0.0311, respectively. With lesser per- 
formance, errors would occur. If, for example, Ao 
changed from 94dB to lOOdB for an output swing of 
— lOV to +IOV respectively, the output error would 
change by lOO/xV, and the change would be nonlinear. 
Likewise a nonlinear error approaching 200/xV would 
occur if Ro changed from 0.04n to 0.08(1. 

DISCUSSION OF 
SPECIFICATIONS 

The PCM53 is specified to provide critical performance 
criteria for a wide variety of applications. The most criti- 
cal specifications for a D/ A converter in audio applica- 
tions are Total Harmonic Distortion, Differential Linear- 
ity Error, Bipolar Zero Error, parameter shifts with time 
and temperature and settling time effects on accuracy. 
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The PCM53 is factory-trimmed and tested for all critical 
key specifications. 

The accuracy of a D/A converter is described by the 
transfer function shown in Figure 1. The errors in the 
D/A converter are combinations of analog errors due to 
the linear circuitry, matching and tracking properties of 
the ladder and scaling networks, power supply rejection, 
and reference errors. In summary, these errors consist of 
initial errors including Gain, Offset, Linearity, Differen- 
tial Linearity, and Power Supply Sensitivity. Initial Offset 
or Bipolar Zero errors may be adjusted to zero. Gain 
drift over temperature rotates the line (Figure 1) about 
the bipolar zero point and Offset drift shifts the line left 
or right over the operating temperature range. Most of 
the Offset and Gain drift with temperature or time is due 
to the drift of the internal reference zener diode. The 
converter is designed so that these drifts are in opposite 
directions. This way the Bipolar Zero voUage is virtually 
unaffected by variations in the reference voltage. 

BIPOLAR ZERO ERROR 

Initial Bipolar Zero Error (Bit 1 "ON" and all other bits 
"OFF") is the deviation from zero volts out and is 
factory-trimmed to typically ±10mV at +25°C. This 
error may be trimmed to zero by connecting the external 
trim potentiometer shown in Figure 8. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error (DLE) is the deviation from 
an ideal ILSB change from one adjacent output state to 
the next. DLE is important in audio applications because 
excessive DLE at Bipolar Zero (at the "major carry") can 
result in audible crossover distortion for low level output 
signals. Initial DLE on the PCM53 is factory-trimmed to , 
typically ±0.001% of FSR. 

STABILITY WITH TIME AND TEMPERATURE 

The parameters of a D/A converter designed for audio 
applications should be stable over a relatively wide 
temperature range and over long periods of time to 
avoid undesirable periodic readjustment. The most 
important parameters are Bipolar Zero Error, Differen- 
tial Linearity Error, and Total Harmonic Distortion. 
Most of the Offset and Gain drift with temperature or 
time is due to the drift of the internal reference zener 
diode. The PCM53 is designed so that these drifts are in 
opposite directions so that the Bipolar Zero voltage is 
virtually unaffected by variations in the reference volt- 
age. Both DLE and THD are dependent upon the 
matching and tracking of resistor ratios and upon Vbe 
and hpE of the current-source transistors. The PCM53 
was designed so that any absolute shift in these compo- 
nents has virtually no effect on DLE or THD. The resis- 
tors are made of identical links of ultra-stable nichrome 
thin-film. The current density in these resistors is very 
low to further enhance their stability. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 



The PCM 53 power supply sensitivity is specified for 
±0.01% of FSR/%Vcc for all supplies. Normally, regu- 
lated power supplies with 1% or less ripple are recom- 
mended for use with the DAC. See also Power Supply 
Connections paragraph in the Installation and Operat- 
ing Instructions section. 

SETTLING TIME 

Settling time is the total time (including slew time) 
required for the output to settle within an error band 
around its final value after a change in input (see Figure 
7). 




FIGURE 7. Full Scale Range Settling Time vs Accuracy. 



Settling times are specified to ±0.006% of FSR; one for 
a large output voltage change of 10 V and one for a ILSB 
change. The ILSB change is measured at the major carry | 
(01 11... 11 to 10000... 00), the point at which the worst-case 
settling time occurs. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown in 
the Connection Diagram. These capacitors (1/liF tantalum 
or electrolytic recommended) should be located close to the 
PCM53. 

EXTERNAL BIPOLAR ZERO ADJUST (OPTIONAL) 

In some applications the Bipolar Zero Error (offset) may 
require adjustment. This error may be adjusted to zero by 
installing an external potentiometer as shown in Figure 8. 
The potentiometer should have adequate resolution, at 
least 10 turns for full-scale adjustment. 



>*Vcc 



mn BIPOLAR 

TO ZERO 

lOOkn ADJUST 



*Rs = 560kn FOR J GRADES 
Rs = 1.5M0 FOR K GRADES 



■vcc 



FIGURE 8. Optional External Bipolar Zero Adjust. 
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The TCR of the potentiometer should be 100ppm/°C or 
less. The series resistor, Rs (20% carbon or better) should 
be located close to the PCM53 to prevent noise pickup. 
Refer to Figure 9 for the relationship of Bipolar Zero 
adjust on the D/A converter transfer function. 



1LSB 



ALL BITS 
LOGIC 1 



RANGE OF 

BIPOLAR ZERO 

ADJUST 






^ BIPOLAR ZERO ADJUST 
TRANSLATES THE LINE 



I ANALOG OUTPUT 
•t-FULL SCALE • . 



ALL BITS 
t LOGIC 



-H 1 f- 



OIGITAL INPUT 
BIPOLAR 
ZERO 
(MSB ON AND 
ALL OTHER BITS OFFl 

-FULL SCALE 



FIGURE 9. Effect of Bipolar Zero Adjustment on a 

Bipolar D/A Converter Transfer Function. 

ADJUSTMENT PROCEDURE 

.Apply the digital input code that should produce zero volts 
output (bit 1 or MSB "ON" and all other bits "OFF"). 
Adjust the bipolar zero potentiometer until zero volts is 
obtained. 

Table II shows the ideal plus and minus full scale voltages 
and LSB values for both 14- and I6-bits resolution. 

TABLE 11. Digital Input and Analog Output 
Relationship. 



DIGITAL 
INPUT CODE 


OUTPUT 1 


Voltage Model 


Current Model | 


16-Blt 
Resolution 


14-Bit 
Resolution 


16-Bit 


14-Blt 
Resolution 


Complementarx 
Bipolar Offset 
Binary (COB) 
±10V (PCM53) 

One LSB 

All Bits On 

00 00 

All Bits Off 

11 11 


+305//V 
+9 99969V 
-10 OOOOOV 


+1 22mV 
+9 99878V 
-10 OOOOOV 


03VA 
-0 99997mA 
-1 00000mA 


122//A 
-0 99988mA 
+1 00000mA 



INSTALLATION CONSIDERATIONS 

If 14-bit resolution is desired, bit 15 (pin 15) and bit 16 (pin 

16) should be connected to Vdd through a IkO resistor to 

insure that these bits remain off. 

Figure 10 shows the connection diagram for a PCM53-V. 

Figures 11 and 12 show connection diagrams for PCM53-I 

models. 

Lead and contact resistances are represented by Ri through 

R3. As long as the load resistance (Rl) is constant, Ri 

simply introduces a gain error. R2 is part of Ri if the output 

voltage is sensed at Common (pin 20) and therefore intro- 
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SUPPLY 




COM 




■vcc 




-VoD 












+5VDC 
SUPPLY 




" '=r'^^ 


COM 











FIGURE 10. Output Circuit for PCM53-V. 



PCM53-I 




TO PIN 23- 



; l/iF 
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; 1//F 
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',)fjf 



SENSE OUTPUT - 
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±15V0C 
SUPPLY 



+5VDC 
SUPPLY 



FIGURE 11. Preferred External Op Amp Configuration 
Using PCM53-I. 

duces no error. If Rl is variable, then Ri should be less 
than RLmin/2'^ to reduce voltage drops due to wiring to less 
than I LSB. Rl should be located as close as possible to the 
PCM53 for optimum performance. 
The PCM53 and the wiring to its connectors should be 
located to provide optimum isolation from sources of RFI 
and EMI. The key word in elimination of RF radiation or 
pickup is loop area; therefore, signal leads and their return 
conductors should be kept close together. This reduces the 
external magnetic field along with any radiation. Also, if a 
signal lead and its return conductor are wired close 
together they present a small flux-capture cross section for 
any external field. This reduces radiation pickup in the 
circuit. 
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(2.4kQ II lOkO > 
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XRjl 
+ Rl)J 



FIGURE 12. Driving a Resistive Load With PCM53-1. 

Figures 11 and 12 show connection diagrams for PCM53-1 
models. 

APPLICATIONS 

Figures 13 and 14 show a circuit diagram and timing 
diagram of a single PCM53-V used to obtain both left 
and right channel audio output in a typical digital audio 
system. The Sony CX-7934 and associated LSI logic 
contain all of the required circuitry for error detection, 



correction, and formatting of the digital data obtained 
from the Compact Disc prior to sending this information 
to the D/A converter. The CX-7934 is used in a parallel 
output mode where the left and right channel parallel 
data are time-shared. Since the digital inputs of the 
PCM53 are TTL-compatible, they can be connected 
directly to the parallel outputs of the CX-7934. Only a 
single inverter is required (Bit 1) to convert the two's 
complement output code of the CX-7934 to offset binary. 
The audio output of the PCM53-V is alternately time- 
shared between the left and right channels. The design is 
greatly simplified because the PCM53-V is a complete 
D/A converter. 

A sample/ hold amplifier, or "deglitcher", is required at 
the output of the D/A converter for both the left and 
right channel, as shown in Figure 15. The S/H amplifier 
for the left channel is composed of A2, SWi, and asso- 
ciated circuitry. A2 is used as an integrator to hold the 
analog voltage in Ci. Since the source and drain of the 
FET switch operates at a virtual ground when "C" and 
"B" are closed in the sample mode, there is no increase in 
distortion caused by the modulation effect of Ron by the 
audio signal. 

Figure 16 shows the deglitcher control signals for both 
the left and right channels which are produced by the 
timing control logic. A delay of 2.5jnsec (ta>) is provided 
to eliminate the glitch and allow the output of the 
PCM53-V to settle within a small error band around its 
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FIGURE 13. A Single PCM52/53 Used to Obtain Both Left and Right Channel Output in a Typical Digital Audio 

System. 
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FIGURE 14. Timing Diagram for the Digital Audio 
System Using PCM53 and Sony LSI 
Logic. 
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FIGURE 15. A Sample/ Hold Amplifier (Deglitcher) is 
Required at the Digital-to-Analog Output 
for Both Left and Right Chann^^ls. 
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FIGURE 16. Timing Diagram for the Deglitcher 
Control Signals. 

final value before connecting it to the channel output. 
Due to the fast settling time of the PCM53-V, it is possi- 
ble to minimize the delay between the left channel and 
right channel outputs when using a single D/ A converter 
for both channels. This is important because the left and 
right channel data is recorded in phase and use of a 
slower D/A converter would result in significant phase 
error at the higher audio frequencies. 

A low-pass filter is required at the S/ H output to remove 
all unwanted frequency components caused by the sam- 



pling frequency as well as the discrete nature of the D A 
converter output. The filter must have a flat amplitude 
response over the entire audio band (0 to 20kHz) and a 
very-high attenuation above 20kHz. Most previous digi- 
tal audio circuits used a high-order (9-13 pole) analog 
filter. However, the phase response of an analog filter 
with these amplitude characteristics is nonlinear and can 
disturb the pulse-shaped characteristics of the transients 
contained in music. 

SECOND-GENERATION SYSTEMS 

One method of avoiding this problem and obtaining a 
linear phase response is to use an oversampling digital 
filter technique as shown in Figure 17. The Yamaha YM- 
3511 and YM-2201 LSI chips provide all of the functions 
described for the Sony chip set and, in addition, contain 
an onboard digital oversampling fiher which effectively 
multiplies the sampling frequency by a factor of two and 
sends the parallel data at a rate of 88.2kHz to the D/A 
converter. Since the offset binary parallel data is directly 
available from the YM-2201, no external inverter is 
required. Furthermore, since the deglitcher control sig- 
nal is also available from the YM-2201, no external tim- 
ing control logic is required for most applications. The 
timing diagram for this circuit is shown in Figure 18. 

This circuit requires a very fast D/A converter since the 
sampling frequency is multiplied by a factor of two or 
more. This technique results in intermodulation products 
being created, by mixing the sampling frequency and 
components of the audio frequency, that are far outside 
the audio band of to 20kHz. These unwanted frequen- 
cies are easily removed by a low-order linear-phase 
analog filter following the deglitcher circuit, since a 
sharp amplitude response is not required. A single 
PCM53-V can be used for both the left and right channel 
as long as the oversampling rate of the digital filter is 
two. An oversampling rate of four can be used if a separ- 
ate PCM53 is used for each channel. This would reduce 
the complexities of the analog filter required even further 
(at the expense of an additional D/A converter). 

Another factor to consider when choosing a D/A con- 
verter for digital audio applications is that the linearity 
of the total harmonic distortion versus output signal 
should be good since a change in the background noise 
level can be audible. The design of the PCM53 ensures 
that the linearity of the total harmonic distortion versus 
output signal level is very good over the full range of 
amplitude and frequencies. Also, no special grounding 
or shielding techniques are required to obtain good 
signal-to-noise ratio with the PCM53. Some converters 
require a high frequency clock which can couple to the 
analog output of the D/A converter through the output 
wiring and ground circuitry. 

The PCM53 D/A converters provide a complete solu- 
tion to one of the most critical portions of a digital audio 
system. Since the sound of the system can be affected by 
the D/A converter more than any other single compo- 
nent, the selection of which converter to use should be 
made with care. 
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FIGURE 17. Oversampling Digital-Filter Technique Using Yamaha LSI. 
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FIGURE 18. Timing Diagram for Digital Oversampling 
Technique when using Yamaha LSI. 
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PCM54 
PCM55 



DESIGNED FOR AUDIO 



16-Bit Monolithic 
DIGITAL-TO-ANALOG CONVERTERS 



FEATURES 

• LOW COST 

• NO EXTERNAL COMPONENTS REQUIRED 

• 16-BIT RESOLUTION 

• 15-BIT MONOTONICITY, TYP 

• 0.001% of FSR TYP DIFFERENTIAL LINEARITY 
ERROR 

• 0.0025% MAX THD |FS Input, KP Grade. 16 Bits) 

• 0.02% MAX THD (-20dB Input. KP Grade. 16 Bits) 

• 3/iS SETTLING TIME. TYP (Voltage Out) 

• 96dB DYNAMIC RANGE 

• ±3V or ±lmA AUDIO OUTPUT 

• EIAJ STC-007-COMPATIBLE 

• OPERATES ON ±5V (PCM55) to ±12V |PCM54| 
SUPPLIES 

• PINOUT ALLOWS Ut OPTION 

• PLASTIC DIP PACKAGE (PCM54) 

• PLASTIC MINi-FLATPAK |PCM55) 



REFERENCE 
VOLTAGE 




16-BIT LADDER 
RESISTOR NETWORK 

AND 
CURRENT SWITCHES 



Rf 



n 




AUDIO OUTPUT 
(VOLTAGE) 



- OUTPUT 

OPERATIONAL 

AMPLIFIER 



DESCRIPTION 

The PCM54 and PCM55 family of converters are 
state-of-the-art, fully monotonic, digital-to-analog 
converters that are designed and specified for digital 
audio applications. These devices employ ultra- 
stable nichrome (NiCr) thin-film resistors to provide 
monotonicity, low distortion, and low differential 
linearity error (especially around bipolar zero) over 
long periods of time and over the full operating 
temperature. 

These converters are completely self-contained with 
a stable, low noise, internal, zener voltage reference; 
high speed current switches; a resistor ladder net- 
work; and a fast settling, low noise, output opera- 
tional amplifier all on a single monolithic chip. The 
converters are operated using two power supplies 
that can range from ±5V (PCM55) to ±12V 
(PCM54). Power dissipation with ±5V supplies is 
typically less than 200mW. Also included is a provi- 
sion for external adjustment of the MSB error (dif- 
ferential linearity error at bipolar zero, PCM54 
only) to further improve THD specifications if 
desired. Few external components are necessary for 
operation, and all critical specifications are 100% 
tested. This helps assure the user of high system reli- 
ability and outstanding overall system performance. 
A current output (Iqut) wiring option is provided. 
This output typically settles to within ±0.006% of 
FSR final value in 350ns (in response to a full-scale 
change in the digital input code). 
These converters are packaged in high-quality 
molded plastic packages and have passed operating 
life tests under simultaneous high-pressure, high- 
temperature, and high-humidity conditions. 
The PCM54 is packaged in 28-pin plastic DIP pack- 
age. The PCM55 is available in a 24-pin plastic 
mini-flatpak. 
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SPECIFICATIONS 

ELECTRICAL 

At +25''C, ±Vcc = 12V, unless otherwise noted 



MODEL 


PCM54HP 


PCM54JP 


PCM54KP 


UNITS 




MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 




DIGITAL INPUT 




Resolution 




16 






• 










Bits 




Dynamic Range 




96 






• 






* 




dB 




Logic Levels (TIL/CMOS Compatible)- 
























V,H 


+2.4 




+5.25 


* 






* 




• 


V 




ViL 







+0.8 






* 








V 




l,H. V,N = +2.7V 






+40 






* 






* 


M 




l,u V,N = + 0.4V 






-0.5 






* 








mA 




TRANSFER CHARACTERISTICS 




ACCURACY 
























Gam Error 




±2 












* 




% 




Bipolar Zero Error 




±30 






* 










mV 




Differential Linearity Error at Bipolar Zero"' 




±0.001 












* 




%fsr'" 




Noise (rms) (20Hz to 20kHz) at Bipolar Zero 




12 






* 










/uV 




TOTAL HARMONIC DISTORTION*" 
























(16-bit resolution) 
























Vo = ±FS at f = 991Hz 




002 


0.008 




* 


0.004 






0025 


% 




Vo = -20dB at f = 991Hz 




02 


0.04 






* 




0.1 


02 


% 


!2 


Vo = -60dB at f = 991Hz 




2.0 


4.0 




* 






1.0 


20 


% 


in 


MONOTONICITY 




15 






* 










Bits 


o 


SETTLING TIME (to ±0.006% of FSR) 






















Voltage Output- 6V Step 




3 






* 










//s 


1LSB Step 




1 












* 




//s 


Current Output (1mA Step)- 10O to 100O Load 




350 






• 






* 




ns 


Q. 


IRQ Load"'' 




350 
















ns 




Deghtcher Delay (THD Test)"" 




25 


4.0 




• 


* 




* 


* 


fiS 




Slew Rate 




10 






* 










V/a/s 




WARM-UP TIME 


1 


















Mm 


RK1 


ANALOG OUTPUT 


I22I 


Voltage Output- Bipolar Range 




±3.0 






* 






* 




V 




Output Current 


±2.0 






* 






* 






mA 




Output Impedance 




0.1 












* 









Short-Circuit Duration 


Indefinite to Common 




* 






* 






> 
z 


Current Output:'*' 






















Bipolar Range (±30%) 




±1 






* 






* 




mA 


Bipolar Output Impedance (±30%) 




12 






* 










IcO 





POWER SUPPLY REQUIREMENTS 





Voltage. +Vcc 


+4 75 


+12 


+15.75 


• 




• 


• 


♦ 


* 


V 


< 


-Vcc 


-4.75 


-12 


-15.75 










* 




V 





Supply Dram: +Vcc 




+13 


+20 






* 






* 


mA 


-Vcc 




-16 


-25 




* 


* 




* 


* 


mA 


a. 


TEMPERATURE RANGE 


0) 


Operating 







+70 








• 






"C 


a 


Storage 


-55 




+100 






* 


* 




• 


»c 


fi\ 



'Specification same as PCM54HP 

NOTES. (1) Externally adjustable. If external adjustment is not used, connect a 0.01/iF capacitor to Common to reduce noise pickup. (2) FSR means Full-Scale 
Range and is 6V for ±3V output (3) The measurement of total harmonic distortion is highly dependent on the characteristics of the measurement circuit 
Burr-Brown may calculate THD from the measured linearity errors using equation 2 in the section on "Total Harmonic Distortion" but specifies that the maximum THD 
measured with the circuit shown in Figure 2 will be less than the limits indicated. (4) Measured with an active clamp to provide a low impedance for approximately 
200ns. (5) Deghtcher or sample/hold delay used in THD measurement test circuit. See Figures 2 and 3. (6) Output amplifier disconnected 
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SPECIFICATIONS 

ELECTRICAL 

At +25''C, ±Vcc = 5V, unless otherwise noted. 



MODEL 


PCM55HP 


PCM55JP 


UNITS 1 


MIN 


TYP 1 MAX 


MIN 1 TYP I MAX 


DIGITAL INPUT | 


Resolution 




16 










Bits 


Dynamic Range 




96 






• 




dB 


Logic Levels (TTL/CMOS Compatible) V,h 


+2 4 




+5.25 






* 


V 


V,L 







+0.8 


* 






V 


l,H, V,N = +2 7V 






+40 






* 


A/A 


liL, V,N = -I- 4V 






-0.5 








mA 


TRANSFER CHARACTERISTICS | 


ACCURACY 
















Gam Error 




±2 










% 


Bipolar Zero Error 




±30 










mV 


Differential Linearity Error at Bipolar Zero"' 




±0 001 










%FSR'" 


Noise (rms) (20Hz to 20kHz) at Bipolar Zero 




12 










//V 


TOTAL HARMONIC DISTORTION ""(16-bit resolution) 
















Vo = ±FS at f = 991Hz 




002 


0.008 






004 


% 


Vo = -20dB at f = 991Hz 




0.02 


0.04 






* 


% 


Vo = -60dB at f = 991Hz 




1 9 


40 








% 


MONOTONICITY 




15 










Bits 


DRIFT 
















Total Bipolar Drift 




±25 










ppm of FSR/°C 


Drift Over Operating Temperature Range 




±0.1 










% 


Bipolar Zero Drift 




±4 










ppm of FSR/°C 


SETTLING TIME (to ±0.006% of FSR) 
















Voltage Output. 6V Step 




3 










//s 


ILSBStep 




1 










fJS 


Current Output (1mA Step) 10O to 100O Load 




350 










ns 


IkO Load"" 




350 










ns 


Degiitcher Delay (THD Test)'" 




25 


4.0 








A/s 


Slew Rate 




10 










V///S 


WARM-UP TIME 


1 






* 






Mm 


ANALOG OUTPUT | 


Voltage Output Bipolar Range 




±3 










V 


Output Current 


±2 






* 






mA 


Output Impedance 




0.1 






* 







Short-Circuit Duration 


Indef 


nite to Common 










Current Output'®' Bipolar Range (±30%) 




±1 




* 




mA 


Bipolar Output Impedance (±30%) 




1.2 








kQ 


POWER SUPPLY REQUIREMENTS | 


Voltage +Vcc 


+4 75 


+5 


+7 5 


* 






V 


-Vcc 


-4 75 


-5 


-7 5 


* 


* 


* 


V 


Supply Dram +Vcc 




+13 


+20 




* 




mA 


-Vcc 




-16 


-25 




* 


* 


mA 


TEMPERATURE RANGE | 


Operating 







+70 


* 




* 


"C 


Storage 


-55 




+100 


* 




* 


"C 



* Specification same as PCM55HP 

NOTES' (1) FSR means Full-Scale Range and is 6V for ±3V output. (2) Externally adjustable. If external adjustment is not used, connect a O.OI/uF 
capacitor to Common to reduce noise pickup (3) The measurement of total harmonic distortion is highly dependent on the characteristics of the 
measurement circuit. Burr-Brown may calculate THD from the measured linearity errors using equation 2 in the section on "Total Harmonic Distortion" but 
specifies that the maximum THD measured with the circuit shown in Figure 2 will be less than the limits indicated. (4) Measured with an active clamp to 
provide a low impedance for approximately 200ns (5) Degiitcher or sample/hold delay used in THD measurement test circuit. See Figures 2 and 
3 (6) Output amplifier disconnected lour application. Close the feedback around the amplifier by connecting output of amplifier to the minus input 
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PIN ASSIGNMENTS 

















Pin 


PCM54-DIP 


Pin 


PCM54-DIP 




1 


Trim 


15 


Bit 13 




2 


Bit 1 (MSB) 


16 


Bit 14 






3 


Bit 2 


17 


Bit 15 






4 


NC 


18 


Bit 16 (LSB) 






5 


Bit 3 


19 


VOUT 






6 


Bit 4 


20 


Rfb 






7 


Bits 


21 


SJ 






8 


Bite 


22 


Common 






9 


Bit 7 


23 


louT 






10 


Bits 


24 


NC 






11 


Bit 9 


25 


Ibpo 






12 


Bit 10 


26 


+Vcc 






13 


Bit 11 


27 


MSB Adjust 






14 


Bit 12 


28 


-Vcc 































Pin 


PCIMSS-Flatpaic 


Pin 


PCIMSS-Fiatpalc 




1 


Bit 1 (MSB) 


13 


Bit 13 




2 


Bit 2 


14 


Bit 14 






3 


Bit 3 


15 


Bit 15 






4 


Bit 4 


16 


Bit 16 






5 


Bits 


17 


Voltage Output 






6 


Bit 6 


18 


Feedbacl< Resistor 






7 


Bit 7 


19 


Summing Junction 






8 


Bits 


20 


Common 






9 


Bit 9 


21 


Current Output 






10 


Bit 10 


22 


Bipolar Offset 






11 


Bit 11 


23 


-l-Vcc 






12 


Bit 12 


24 


-Vcc 

















MECHANICAL OUTLINES 



PCM54 



o 



o 



iH><>-y-iwWj-ivWvi-Jj-J->-k>-u-u--o-4^ 



DIM 


INCHES 


^1ILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 





1.441 





36.60 


B 





.67fr 





14.60 


c 





.224 





6.70 


D 


.019 


.019 


0.47 


0.49 


F 


.047 


.056 


1.20 


1.40 


Q 


.000 


.110 


2.29 


2.79 


J 


.006 


.016 


0.20 


0.36 


K 


.100 





2.64 




L 


— > 


.600 





16.24 


M 


0» 


16» 


0* 


16* 


N 


.020 





0.61 







CONNECTION DIAGRAMS 



PCM54 



(Optional) j lOOkQ "< 

Aimoi 470t(O 
1MQ 




(1) MSB error (BPZ differential linearity error) can be adjusted to zero using tills 
external circuit 

(2) Connect for bipolar operation (+Vcc ^ B.5V for unipolar operation). 

(3) Connect for Vout operation. When Vout amp is not being used (lour mode), 
terminate with an external 3kQ feedbacic resistor between pin 19 and pin 21 
and a Ikn resistor between pin 21 and pin 22 to reduce possible noise effects. 



PCM55 



fc M«4MMM4 



O 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 1 


A 


J 114 


.630 


15.60 


16X)d 


B 


J 49 


.362 


8.80 


9J20i 


v 




.098 




2.501 




.bii 


.020 


0.3d 


0.50 


Q 


.6461 .054 


Uf 


iSzl 



tlHHHHmHHHHF 



m 

ID 

o 
a. 



PCM55 



l< 



/CD-f 
©- 
(D- 
®- 
CS- 
®- 

O- 
®- 
®- 
0- 
V®-. 



16-Bit 
Ladder 



And 
Switches 



Zener 
Voltage 
Reference 



®- 



■ii 






-Vcc^ 



+Vcc^ 



29"': =r= 

(SH — 

(!g>-i 

® 

® 
® 



-O 



: Note 2 



Note 2 



Audio 



Data 



Notes: 

(1) Connect for bipolar operation (+Vcc ^ 8.5V for unipolar operation). 

(2) Connect for Vout operation. When Vout amp is not being used (Iout mode), 
terminate with an external 3kn feedback resistor between pin 17 and pin 19 
and a 1 kn resistor between pin 19 and pin 20 to reduce possible noise effects. 



O 
o 

< 

Q 

Q. 
(0 

Q 



o 



o 
o 

o" 
5 

< 
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ABSOLUTE MAXIMUM RATINGS 



DC Supply Voltages ±18VDC 

Input Logic Voltage -IV to +5 5V 

Power Dissipation PCM54 800mW, PCM55 400mW 

Storage Temperature -55°C to +100°C 

Lead Temperature During Soldering IDs at +300'*C 



ORDERING INFORMATION 



Model 


THD at FS 


Package 


PCM54HP 
JP 
KP 

PCM55HP 
JP 


008 
004 
0025 
008 
004 


28-pin DIP 
28-pm DIP 
28-pin DIP 
24-lead mini flat pak 
24-lead mini flat pak 



DISCUSSION OF 
SPECIFICATIONS 

The PCM54 and PCM55 are specified to provide critical 
performance criteria for a wide variety of applications. 
The most critical specifications for a D/A converter in 
audio applications are Total Harmonic Distortion, Dif- 
ferential Linearity Error, Bipolar Zero Error, parameter 
shifts with time and temperature, and settling time 
effects on accuracy. 

The PCM54 and PCM55 are factory-trimmed and tested 
for all critical key specifications. 

The accuracy of a D/A converter is described by the 
transfer function shown in Figure 1. Digital input to 
analog output relationship is shown in Table I. The 
errors in the D/A converter are combinations of analog 
errors due to the linear circuitry, matching and tracking 
properties of the ladder and scaling networks, power 
supply rejection, and reference errors. In summary, these 
errors consist of initial errors including Gain, Offset, 
Linearity, Differential Linearity, and Power Supply 
Sensitivity. Gain drift over temperature rotates the line 
(Figure 1) about the bipolar zero point and Offset drift 
shifts the line left or right over the operating temperature 
range. Most of the Offset and Gain drift with tempera- 



ture or time is due to the drift of the internal reference 
zener diode. The converter is designed so that these drifts 
are in opposite directions. This way the Bipolar Zero 
voltage is virtually unaffected by variations in the refer- 
ence voltage. 











"""■" 






ALL BITS ON — > 






0000 ...0000 • 


• 


GAIN 


k 






0000 ...0001 j^ 


^ DRIFT ^ . 








0111 ..1101 If- 


• \ 






£ 


0111. .1110 « 


• 


• 








0111. ..1111 
1000 ... 0000 • 


/> i^ >' 






. OFFSET • 


BIPOLAR ZERO 




ca 


1000 ...0001 ; 


DRIFT ^ 










1111. ..1110 •• • ^ I 








nil... 1111 • 


> • 

1 ., 


.. 








-FSR/2 ANALOG OUTPUT KFSR/2)-1LSB 


*SEE TABLE 1 FOR DIGITAL CODE DEFINITIONS. 


1 



FIGURE 1. Input vs Output for an Ideal Bipolar 
D/A Converter. 

DIGITAL INPUT CODES 

The PCM54 and PCM55 accept complementary digital 
input codes in any of three binary formats (CSB, unipo- 
lar; or COB, bipolar; or CTC, Complementary Two's 
Complement, bipolar). See Table II. 

TABLE II. Digital Input Codes. 



Digital 


Analog Output | 


Complementary 


Complementary 


Complementary 


Input 


Straight Binary 


Offset Binary 


Two's Complement 


Codes 


(CSB) 


(COB) 


(CTC)* 


OOOOh 


+ Full Scale 


+ Full 3cale 


-1LSB 


7FFFh 


+1/2FUII Scale 


Bipolar Zero 


- Full Scale 


8000h 


+1/2 Full Scale 
-1LSB 


-1LSB 


+ Full Scale 


FFFFh 


Zero 


- Full Scale 


Bipolar Zero 



Invert the MSB of the COB code with an external inverter to obtain CTC 
code 



TABLE I. Digital Input to Analog Output Relationship. 








VOLTAGE OUTPUT MODE | 


Digital input Code 


Analog Output | 


Unipolar* 


Bipolar | 


16-bit 


15-bit 


14-bit 


16-blt 


15-bit 


14-bit 


One LSB OwV) 
OOOOh (V) 
FFFFh (V) 


91.6 

+5 99991 




183 

+5 99982 




366 

+5.99963 




916 
+2 99991 
-3 0000 


183 
+2 99982 
-3 0000 


366 
+2 99963 
-3 0000 




CURRENT OUTPUT MODE 




Digital Input Code 


Analog Output | 


Unipolar 


Bipolar 1 


16-blt 


15-bit 


14-bit 


16-bit 


15-bit 


14-bit 


One LSB OuA) 
OOOOh (mA) 
FFFFh (mA) 


0.031 

-1.99997 




0.061 

-1 99994 




0.122 

-1.99988 




0.031 
-0.99997 
+1.00000 


0.061 
-0.99994 
+1.00000 


0.122 
-0.99988 
+1.00000. 



■NOTE; +Vco must be at least +8.5VDC to allow output to swing to +6.0VDC. 
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BIPOLAR ZERO ERROR 

Initial Bipolar Zero Error (Bit 1 "ON" and all other bits 
"OFF") is the deviation from OV out and is factory- 
trimmed to typically ±10mV at +25°C. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error (DLE) is the deviation from 
an ideal ILSB change from one adjacent output state to 
the next. DLE is important in audio applications because 
excessive DLE at Bipolar Zero (at the "major carry'*) can 
result in audible crossover distortion for low level output 
signals. Initial DLE on the PCM54 and PCM55 is fac- 
tory trimmed to typically ±0.001% of FSR. This error is 
adjustable to zero using the circuit shown in the connec- 
tion diagram (PCM54 only). 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The PCM54 and PCM55 power supply sensitivity is 
shown by Figure 2. Normally, regulated power supplies 
with 1% or less ripple are recommended for use with the 
DAC. See also Power Supply Connections paragraph in 
the Installation and Operating Instructions section. 



(0111 ... II to 10000.00), the point at which the worst- 
case settling time occurs. 




FIGURE 2. Effects of ±Vcc on Total Harmonic Dis- 
tortion (PCM54JP; Vccs with approxi- 
mately 2% ripple). 

SETTLING TIME 

Settling time is the total time (including slew time) 

required for the output to settle within an error band 

around its final value after a change in input (see Figure 

3). 

Settling times are specified to ±0.006% of FSR; one for 

a large output voltage change of 3V and one for a ILSB 

change. The ILSB change is measured at the major carry 



Accuracy 
Percent Full-Scale Range (%) 




1 


Voltage 




\ 


Current \ 


^ Output 
Mode 


V 


uuipui 1 
^ Mode \ 


1 


A 




\ 


Rl = 200O ^ 


\ 


\ 


U.UUd 

0.001 
0. 




\ 


\ 


01 0.1 10 10.0 
Settling Time M 



FIGURE 3. Full Scale Range Settling Time vs Accuracy. 

STABILITY WITH TIME AND TEMPERAURE 

The parameters of a D/A converter designed for audio 
applications should be stable over a relatively wide 
temperature range and over long periods of time to 
avoid undesirable periodic readjustment. The most 
important parameters are Bipolar Zero Error, Differen- 
tial Linearity Error, and Total Harmonic Distortion. 
Most of the Offset and Gain drift with temperature or 
time is due to the drift of the internal reference zener 
diode. The PCM54 and PCM55 are designed so that 
these drifts are in opposite directions so that the Bipolar 
Zero voltage is virtually unaffected by variations in the 
reference voltage. Both DLE and THD are dependent 
upon the matching and tracking of resistor ratios and 
upon Vbe and hpE of the current-source transistors. The 
PCM54 and PCM55 were designed so that any absolute 
shift in these components has virtually no effect on DLE 
or THD. The resistors are made of identical links of 
ultra-stable nichrome thin-film. The current density in 
these resistors is very low to further enhance their stabil- 
ity. 

DYNAMIC RANGE 

The Dynamic Range is a measure of the ratio of the 
smallest signals the converter can produce to the full- 
scale range and is usually expressed in decibels (dB). The 
theoretical dynamic range of a converter is approxi- 
mately 6 X n, or about 96dB for a 16-bit converter. The 
actual, or useful, dynamic range is limited by noise and 
linearity errors and is therefore somewhat less than the 
theoretical Hmit. However, this does point out that a 
resolution of at least 16 bits is required to obtain a 90dB 
minimum dynamic range, regardless of the accuracy of 
the converter. Another specification that is useful for 
audio applications is Total Harmonic Distortion (THD). 

TOTAL HARMONIC DISTORTION 

THD is useful in audio applications and is a measure of 
the magnitude and distribution of the Linearity Error, 
Differential Linearity Error, and Noise, as well as Quan- 
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tization Error. To be useful, THD should be specified for 
both high level and low level input signals. This error is 
unadjustable and is the most meaningful indicator of 
D/A converter accuracy for audio applications. 
The THD is defined as the ratio of the square root of the 
sum of the squares of the values of the harmonics to the 
value of the fundamental input frequency and is expressed 
in percent or dB. The rms value of the PCM54/55 error 
referred to the input can be shown to be 

(1) 



Figure 5 shows typical THD as a function of frequency. 



: /4- 5 [ElCO + EgCirf 



where n is the number of samples in one cycle of any 
given sine wave, EtCi) is the linearity error of the PCM54 
or PCM55 at each sampling point, and EQ(i) is the quan- 
tization error at each sampling point. The THD can then 
be expressed as 



vAfFcEtW + Eodtf 



THD = - 



trms trms 

where Erms is the rms signal-voltage level. 



.xlOO% 



(2) 



This expression indicates that, in general, there is a 
correlation between the THD and the square root of the 
sum of the squares of the linearity errors at each digital 
word of interest. However, this expression does not 
mean that the worst-case linearity error of the D/A is 
directly correlated to the THD. 

For the PCM54/55 the test period was chosen to be 
22.7/xs (44.1kHz) which is compatible with the EI A J 
STC-007 specification for PCM audio. The test fre- 
quency is 420Hz and the amplitude of the input signal 
is OdB, -20dB, and -60dB down from full scale. 

Figure 4 shows the typical THD as a function of output 
voltage. 



Total Harmonic Distortion (THD) in % 
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FIGURE 4. Total Harmonic Distortion (THD) vs Vout. 



FIGURE 5. Total Harmonic Distortion (THD) vs 
Frequency. 



INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors (IjuF tan- 
talum or electrolytic recommended) should be located 
close to the converter. 

MSB ERROR ADJUSTMENT PROCEDURE 
(OPTIONAL) 

The MSB error of the PCM54 and PCM55 can be 
adjusted to make the differential linearity error (DLE) at 
BPZ essentially zero. This is important when the signal 
output levels are very low because zero crossing noise 
(DLE at BPZ) becomes very significant when compared 
to the small code changes occurring in the LSB portion 
of the converter. 

Differential linearity error at bipolar zero is guaranteed 
to meet data sheet specifications without any external 
adjustment. However, a provision has been made for an 
optional adjustment of the MSB linearity point which 
makes it possible to eHminate DLE error at BPZ (PCM54 
only). Two procedures are given to allow either static or 
dynamic adjustment. The dynamic procedure is pre- 
ferred because of the difficulty associated with the static 
method (accurately measuring 16-bit LSB steps). 

To statically adjust DLE at BPZ, refer to the circuit 
shown in Figure 6 or the PCM54 connection diagram. 
After allowing ample warm-up time (20-30 minutes) to 
assure stable operation of the PCM54, select input code 
8000 hexadecimal (all bits on except the MSB). Measure 
the audio output voltage using a 6-1/2 digit voltmeter 
and record it. Change the digital input code to 7FFF 
hexadecimal (all bits off except the MSB). Adjust the 
lOOkO potentiometer to make the audio output read 
92;liV more than the voltage reading of the previous code 
(a ILSB step = 92/liV). 
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A much simpler method is to dynamically adjust the 
DLE at BPZ. Again, refer to Figure 6 or the PCM54 
connection diagram for circuitry and component values. 
Assuming the device has been installed in a digital audio 
application circuit, send the appropriate digital input to 
produce a — 60dB level sinusoidal output. While measur- 
ing the THD of the audio circuit output, adjust the 
lOOkO potentiometer until a minimum level of distortion 
is observed. 



470kn 



^m^ 4/uKu luuKn 4/UKn 

Ql^) yW vVV vW ^-Vcc 



iMn 



FIGURE 6. MSB Differential Linearity at Bipolar Zero 
Adjustment Circuit (optional). 



ble to minimize the delay between the left channel and 
right channel outputs when using a single D/A converter 
for both channels. This is important because the left and 
right channel data is recorded in phase and use of a 
slower D/A converter would result in signficant phase 
error at the higher audio frequencies. 
A low-pass filter is required at the S/ H output to remove 
all unwanted frequency components caused by the sam- 
pling frequency as well as the discrete nature of the D/A 
converter output. The filter must have a flat amplitude 
response over the entire audio band (0 to 20kHz) and a 
very-high attenuation above 20kHz. Most previous digi- 
tal audio circuits used a high-order (9-13 pole) analog 
filter. However, the phase response of an analog filter 
with these amplitude characteristics is nonlinear and can 
disturb the pulse-shaped characteristics of the transients 
contained in music. 



INSTALLATION 
CONSIDERATIONS 

If the optional external MSB error circuitry is used 
(PCM54), a potentiometer with adequate resolution and 
a TCR of 100ppm/°C or less is required. Also, extra care 
must be taken to insure that no leakage path (either AC 
or DC) exists to pin 27 (PCM54). If the circuit is not 
used, pin 1 (PCM54) should be terminated to common 
with a 0.01/uF capacitor. 

The PCM converter and the wiring to its connectors 
should be located to provide the optimum isolation from 
sources of RFI and EMI. The important consideration 
in the elimination of RF radiation or pickup is loop area; 
therefore, signal leads and their return conductors should 
be kept close together. This reduces the external mag- 
netic field along with any radiation. Also, if a signal lead 
and its return conductor are wired close together they 
represent a small flux-capture cross section for any 
external field. This reduces radiation pickup in the cir- 
cuit. 

APPLICATIONS 

A sample/ hold amplifier, or "deglitcher", is required at 
the output of the D/A converter for both the left and 
right channel, as shown in Figure 7. The S/H amplifier 
for the left channel is composed of A2, SWi, and asso- 
ciated circuitry. A2 is used as an integrator to hold the 
analog voltage in Ci. Since the source and drain of the 
FET switch operates at a virtual ground when "C" and 
"B" are closed in the sample mode, there is no increase in 
distortion caused by the modulation effect of Ron by the 
audio signal. 

Figure 8 shows the deglitcher control signals for both the 
left and right channels which are produced by the timing 
control logic. A delay of 2.5)us (tto) is provided to elimi^ 
nate the glitch and allow the output of the PCM54-V to 
settle within a small error band around its final value 
before connecting it to the channel output. 

Due to the fast settling time of the PCM54-V, it is possi- 




LEFT CHANNEL 

DEGLITCHER 

CONTROL 



RIGHT CHANNEL 
DEGLITCHER CONTROL 



LEFT CHANNEL 

V OUTPUT TO LPF AND 

OTHER CIRCUITS 



A "LOW" SIGNAL ON THE DEGLITCHER 
CONTROL CLOSES SWITCH "A" WHILE A 
"HIGH" SIGNAL CLOSES SWITCH "B". 




CHANNEL 
^OUTPUT TO LPF AND 
OTHER CIRCUITS 
Ai. A2 ATE 
0PA101 OR 0PA404 



FIGURE 7. A Sample/ Hold Amplifier (Deglitcher is 
Required at the Digital-to-Analog Output 
for Both Left and Right Channels. 



DATA FOR DAC }(^ 



YmSHT CHANNEL 0«T« N ' 



3( 



RI6HT I 

CHAMI1EL_I_ 

DEGLITCHER i 

CONTROL I 

LEFT I 

CHANNEL 1_ 

DEGLITCHER ' 

CONTROL I 



It 



_rL 



JlfL 



TL 



-*> ^ DELAY BETWEEN LEFT AND RIGHT CHANNEL 



THE D<=GLITCHER CONTROL SIGNALS ARE GENERATED BY THE TIMING CONTROL LOGIC THE FAST 
SETTLING TIME OF THE PCM54/S5 MAKES IT POSSIBLE TO MINIMIZE THE DELAY BETWEEN LEFT 
AND RIGHT CHANNELS TO ABOUT 4 5Aisec. WHICH REDUCES PHASE ERROR AT THE HIGHER AUDIO 
FREQUENCIES 



FIGURE 8. Timing Diagram for the Deglitcher 
Control Signals. 
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BURR-BROWN® 




PCM56P 



DESIGNED FOR AUDIO 



Serial Input 16-Bit Monolithic 
DIGITAL-TO-ANALOG CONVERTER 



FEATURES 

• SERIAL INPUT 

• LOW COST 

• NO EXTERNAL COMPONENTS REQUIRED 

• 16-BIT RESOLUTION 

• 15-BIT IVIONOTONICITY. TYP 

• 0.001% OF FSR TYP DIFFERENTIAL LINEARITY 
ERROR 

• 0.0025% MAX THD (FS Input, K Grade, 16 Bits) 

• 0.02% MAX THD (-20dB Input, K Grade, 16 Bits) 

• 1.5/iS SETTLING TIME, TYP (Voltage Out) 

• 96dB DYNAMIC RANGE 

• ±3V or ±1mA AUDIO OUTPUT 

• EIAJ STC-007-COMPATIBLE 

• OPERATES ON ±5V to ±1 2V SUPPLIES 

• PINOUT ALLOWS Ui OPTION 

• PLASTIC DIP PACKAGE 

DESCRIPTION 

The PCM56P is a state-of-the-art, fully monotonic, 
digital-to-analog converter that is designed and 
specified for digital audio applications. This device 
employs ultra-stable nichrome (NiCr) thin-film 
resistors to provide monotonicity, low distortion, 
and low differential linearity error (especially around 
bipolar zero) over long periods of time and over the 
full operating temperature. 



This converter is completely self-contained with a 
stable, low noise, internal zener voltage reference; 
high speed current switches; a resistor ladder net- 
work; and a fast settling, low noise output opera- 
tional amplifier all on a single monolithic chip. The 
converters are operated using two power supplies 
that can range from +5V to ± 12V. Power dissipation 
with ±5V supplies is typically less than 200mW. 
Also included is a provision for external adjustment 
of the MSB error (differential linearity error at 
bipolar zero) to further improve total harmonic 
distortion (THD) specifications if desired. Few 
external components are necessary for operation, 
and all critical specifications are 100% tested. This 
helps assure the user of high system reliability and 
outstanding overall system performance. 
The PCM56P is packaged in a high-quality 16-pin 
molded plastic DIP package and has passed oper- 
ating life tests under simultaneous high-pressure, 
high-temperature, and high-humidity conditions. 
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SPECIFICATIONS 



ELECTRICAL 

Typical at +25°C and nominal power supply voltages of ±5V unless otherwise noted 



MECHANICAL 



MODEL 


PCM56P/-J/.K 


UNITS 


MIN 


TYP 


MAX 


INPUT 1 


DIGITAL INPUT 










Resolution 




16 




Bits 


Digital Inputs'^' Vih 


+2 4 




+Vl 


V 


V,L 







+0 8 


V 


l,H, ViN = +2 7V 






+10 


/^A 


liL. V,N = +0 4V 






-50 


/uA 


Input Clock Frequency 


100 






MHz 


TRANSFER CHARACTERISTICS | 


ACCURACY 










Gam Error 




±2 




% 


Bipolar Zero Error 




±30 




mV 


Differential Linearity Error 




±0 001 




% of FSR'" 


Noise (rms, 20Hz to 20kHz) at Bipolar Zero (Vout models) 




6 




//V 


TOTAL HARMONIC DISTORTION 










Vo = ±FS at f = 991 Hz PCM56P-K 




002 


0025 


% 


PCM56P-J 




002 


004 


% 


PCM56P 




002 


008 


% 


Vo = -20dBatf = 991Hz PCM56P-K 




0018 


020 


% 


PCM56P-J 




018 


040 


% 


PCM56P 




018 


040 


% 


Vo = -60dB at f = 991 Hz PCM56P-K 




18 


20 


% 


PCM56P-J 




1 8 


40 


% 


PCM56P 




18 


40 


% 


MONOTONICITY 




15 




Bits 


DRIFT (0°C to +70°C) 










Total Drift'=" 




±25 




ppm of FSR/°C 


Bipolar Zero Drift 




±4 




ppm of FSR/°C 


SETTLING TIME (to ±0 006% of FSR) 










Voltage Output 6V Step 




15 




fJS 


1LSB 




1 




fJS 


Slew Rate 




12 




y/fjis 


Current Output, 1mA Step 10Q to 100Q load 




350 




ns 


IkQ load"*' 




350 




ns 


WARM-UP TIME 


1 






Mm 


OUTPUT 1 


Voltage Output Configuration Bipolar Range 




±3 




V 


Output Current 


±8 






mA 


Output Impedance 




10 




fi 


Short Circuit Duration 


Indefi 


nite to Co 


mmon 




Current Output Configuration 










Bipolar Range (±30%) 




±1 




mA 


Output Impedance (±30%) 




1 2 




kQ 


POWER SUPPLY REQUIREMENTS'^' | 


Voltage +Vs and ±Vl 


+4 75 


+5 00 


+13 2 


V 


-Vs and -Vl 


-4 75 


-5 00 


-13 2 


V 


Supply Dram (No Load) +V (+Vs and +Vl = +5V) 




+100 


+17 


mA 


-V (-Vs and -Vl - -5V) 




-25 


-35 


mA 


+V(+Vsand+VL = +12V) 




+120 




mA 


-V (-Vsand-Vu = -12V) 




-27 




mA 


Power Dissipation Vs and Vl = ±5V 




175 


260 


mW 


VsandVL = ±12V 




468 




mW 


TEMPERATURE RANGE | 


Specification 







+70 


°C 


Operation 


-25 




+70 


°C 


Storage 


-60 




+100 


°C 



NOTES (1) Logic input levels are TTL/CMOS-compatible (2) FSR means full-scale range and is equivalent 
to 6V (±3V) for PCM56 in the Vout mode (3) This is the combined drift error due to gam, offset, and linearity 
over temperature (4) Measured with an active clamp to provide a low impedance for approximately 
200ns (5) Ail specifications assume +Vs connected to +Vl and -Vs connected to -Vl If supplies are 
connected separately, — Vl must not be more negative than -Vs supply voltage to assure proper operation No 
similar restriction applies to the value of +Vl with respect to +Vs 



k- A -* 




^r^r^r^(^r^(^fl 




^ 


t t 

Bi B 

ii 


i^^s'^K^^'^Ks'^ 






Seating Plane 



Q. 

o 

D. 



X. 



NOTE Leads m true position 
within 010" ( 25mm) R at MMC 
at seating plane 
PINS Pin material and plating 
composition conform to method 
2003 (solderabihty) of MIL-STD- 
883 (except paragrah 3 2) 

CASE Plastic 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


740 


800 


18 80 


20 32 


Ai 


725 


785 


18 42 


19 94 


B 


230 


290 


5 85 


7 38 


Bi 


200 


250 


5 09 


6 36 


C 


120 


200 


3 05 


5 09 


D 


015 


023 


38 


59 


F 


030 


070 


76 


178 


G 


100 BASIC 


2 54 BASIC 


H 


002 


05 


51 


127 


J 


008 


015 


20 


38 


K 


070 


150 


178 


3 82 


L 


300 BASIC 


7 63 BASIC 


M 


0° 


15° 


0° 


15' 
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25 


76 
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64 
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ORDERING INFORMATION 



CONNECTION DIAGRAM 



Model 


THD at FS (%) 


PCM56P 

PCM56P-J 

PCM56P-K 


008 Max 
004 
0025 



PIN ASSIGNMENTS 



1 


-Vs 


Analog Negative Supply 


2 


LOG COM 


Logic Common 


3 


fVL 


Logic Positive Supply 


4 


NO 


No Connection 


5 


CLK 


Clock Input 


6 


LE 


Latch Enable Input 


7 


DATA 


Sena! Data Input 


8 


-Vl 


Logic Negative Supply 


9 


VoUT 


Voltage Output 


10 


RF 


Feedback Resistor 


11 


SJ 


Summing Junction 


12 


ANA COM 


Analog Common 


13 


Iqut 


Current Output 


14 


MSB ADJ 


MSB Adjustment Terminal 


15 


TRIM 


MSB Trim-pot Terminal 


16 


+Vs 


Analog Positive Supply 



ABSOLUTE MAXIMUM RATINGS 




DC Supply Voltages 


±16VDC 


Input Logic Voltage 


-IV to +Vs/+Vl 


Power Dissipation 


. 850mW 


Operating Temperature 


-25X to +70''C 


Storage Temperature 


-60°C to +100°C 


Lead Temperature During Soldering 


. 10sat300°C 



DISCUSSION OF 
SPECIFICATIONS 

The PCM56P is specified to provide critical performance 
criteria for a wide variety of applications. The most 
critical specifications for a D/A converter in audio 
applications are Total Harmonic Distortion, Differential 
Linearity Error, Bipolar Zero Error, parameter shifts 
with time and temperature, and settling time effects on 
accuracy. 

The PCM56P is factory-trimmed and tested for all 
critical key specifications. 

The accuracy of a D/A converter is described by the 
transfer function shown in Figure 1. Digital input to 
analog output relationship is shown in Table I. The 
errors in the D/A converter are combinations of analog 
errors due to the linear circuitry, matching and tracking 
properties of the ladder and scaling networks, power 
supply rejection, and reference errors. In summary, these 
errors consist of initial errors including Gain, Offset, 
Linearity, Differential Linearity, and Power Supply 
Sensitivity. Gain drift over temperature rotates the line 
(Figure 1) about the bipolar zero point and Offset drift 
shifts the line left or right over the operating temperature 
range. Most of the Offset and Gain drift with temperature 



KD 



_L.Common/-x 

7i <B 





NC 



v.^ 



©- 
®- 

0- 



CLKQ5 
Data (7 



T^ 



16-Bit 
DAC Latch 



sze: 



16-Bit Serial 
to Parallel 
Conversion 



XE 



Control 
Logic 
and 
Level 
Shifting 
Circuit 



16-Bit 

loUT 

DAC 



®i 



-©Trim"' ^'"^ 
— (14) MSB Adjust'" 

I OUT 



^•^ (±3 0V) 




(^ 



©^ 



Analog 
Common 



i 



in\Of__ 

'°i 1 Analog 

Output 



NOTE: (1 ) MSB error (Bipolar Zero differential linearity error) 
can be adjusted to zero using the external circuit shown in 
Figure 6. 



or time is due to the drift of the internal reference zener 
diode. The converter is designed so that these drifts are 
in opposite directions. This way the Bipolar Zero voltage 
is virtually unaffected by variations in the reference 
voltage. 
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*See Table 1 for digital code definitions 





FIGURE 1. Input vs Output for an Ideal Bipolar D/A 
Converter. 

TABLE I. Digital Input to Analog Output Relationship. 



Digital Input 


Analog Output | 


Binary Twos 
Complement (BTC) 


DAC Output 


Voltage (V), 
VouT Mode 


Current (mA), 
louT Mode 


7FFF Hex 
8000 Hex 
0000 Hex 
FFFF Hex 


+ Full Scale 
- Full Scale 
Bipolar Zero 
Zero-ILSB 


+2 999908 

-3 000000 

000000 

-0 000092 


-0 999970 
+1 000000 
000000 
+0 030500/iA 
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DIGITAL INPUT CODES 

The PCM56P accepts serial input data (MSB first) in the 
Binary Twos Complement (BTC) form. Refer to Table I 
for input output relationships. 

BIPOLAR ZERO ERROR 

Initial Bipolar Zero Error (Bit 1 "on" and all other bits 
"off") is the deviation from OV out and is factory- 
trimmed to typically ±30mV at +25°C. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error (DLE) is the deviation from 
an ideal ILSB change from one adjacent output state to 
the next. DLE is important in audio applications because 
excessive DLE at Bipolar Zero (at the "major carry") can 
result in audible crossover distortion for low level output 
signals. Initial DLE on the PCM56P is factory trimmed 
to typically ±0.0019f of FSR. The MSB DLE is adjust- 
able to zero using the circuit shown in Figure 6. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 

The PCM56P power supply sensitivity is shown by 
Figure 2. Normally, regulated power supplies with 1% or 
less ripple are recommended for use with the DAC. See 
also Power Supply Connections paragraph in the Instal- 
lation and Operating Instructions section. 



Settling times are specified to ±0.006% of FSR: one for 
a large output voltage change of 6V and one for a ILSB 
change. The ILSB change is measured at the major carry 
(0000 hex to ffff hex), the point at which the worst-case 
settling time occurs. 
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FIGURE 2. Power Supply Sensitivity. 

SETTLING TIME 

Settling time is the total time (including slew time) 
required for the output to settle within an error band 
around its final value after a change in input (see Figure 
3). 
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FIGURE 3. Full Scale Range Settling Time vs Accuracy. 

STABILITY WITH TIME AND TEMPERATURE 

The parameters of a D/A converter designed for audio 
applications should be stable over a relatively wide 
temperature range and over long periods of time to 
avoid undesirable periodic readjustment. The most impor- 
tant parameters are Bipolar Zero Error, Differential 
Linearity Error, and Total Harmonic Distortion. Most 
of the Offset and Gain drift with temperature or time is 
due to the drift of the internal reference zener diode. The 
PCM56P is designed so that these drifts are in opposite 
directions so that the Bipolar Zero voltage is virtually 
unaffected by variations in the reference voltage. Both 
DLE and THD are dependent upon the matching and 
tracking of resistor ratios and upon Vbe and hpE of the 
current-source transistors. The PCM56P was designed 
so that any absolute shift in these components has 
virtually no effect on DLE or THD. The resistors are 
made of identical links of ultra-stable nichrome thin- 
film. The current density in these resistors is very low to 
further enhance their stability. 

DYNAMIC RANGE 

The Dynamic Range is a measure of the ratio of the 
smallest signals the converter can produce to the full- 
scale range and is usually expressed in decibels (dB). The 
theoretical dynamic range of a converter is approximately 
6 X n, or about 96dB of a 16-bit converter. The actual, or 
useful, dynamic range is limited by noise and linearity 
errors and is therefore somewhat less than the theoretical 
limit. However, this does point out that a resolution of at 
least 16 bits is required to obtain a 90dB minimum 
dynamic range, regardless of the accuracy of the conver- 
ter. Another specification that is useful for audio applica- 
tions is Total Harmonic Distortion. 

TOTAL HARMONIC DISTORTION 

THD is useful in audio applications and is a measure of 
the magnitude and distribution of the Linearity Error, 
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Differential Linearity Error, and Noise, as well as Quanti- 
zation Error. To be useful, THD should be specified for 
both high level and low level input signals. This error is 
unadjustable and is the most meaningful indicator of 
D/A converter accuracy for audio applications. 

The THD is defined as the ratio of the square root of the 
sum of the squares of the values of the harmonics to the 
value of the fundamental input frequency and is expressed 
m percent or dB. The rms value of the PCM56P error 
referred to the input can be shown to be 



Figure 5 shows typical THD as a function of frequency. 



x/ 



l/n 



X [E,(i) + EQ(i)]- 

= 1 



(1) 



where n is the number of samples in one cycle of any 
given sine wave, Ei(i) is the linearity error of the 
PCM56P at each sampling point, and EQ(i) is the 
quantization error at each sampling point. The THD can 
then be expressed as 

(2) 



THD 



J Err 



^I 



I/n 



[EL(i) + EQ(i)]^ 



= X 100% 

trms 

where Erms is the rms signal-voltage level. 

This expression indicates that, in general, there is a 
correlation between the THD and the square root of the 
sum of the squares of the linearity errors at each digital 
word of interest. However, this expression does not 
mean that the worst-case linearity error of the D/A is 
directly correlated to the THD. 

For the PCM56P the test period was chosen to be 22.7jus 
(44.1kHz), which is compatible with the EIAJ STC-007 
specification for PCM audio. The test frequency is 
991 Hz and the amplitude of the input signal is OdB, 
— 20dB, and — 60dB down from full scale. 

Figure 4 shows the typical THD as a function of output 
voltage. 
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FIGURE 5. Total Harmonic Distortion (THD) vs 
Frequency. 



INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power 
supply decoupling capacitors should be added as shown 
in the Connection Diagram. These capacitors (1/uF tan- 
talum or electrolytic recommended) should be located 
close to the converter. 

MSB ERROR ADJUSTMENT PROCEDURE 
(OPTIONAL) 

The MSB error of the PCM56P can be adjusted to make 
the differential linearity error (DLE) at BPZ essentially 
zero. This is important when the signal output levels are 
very low, because zero crossing noise (DLE at BPZ) 
becomes very significant when compared to the small 
code changes occurring in the LSB portion of the 
converter. 

Differential linearity error at bipolar zero and THD are 
guaranteed to meet data sheet specifications without any 
external adjustment. However, a provision has been 
made for an optional adjustment of the MSB linearity 
point which makes it possible to eliminate DLE error at 
BPZ. Two procedures are given to allow either static or 
dynamic adjustment. The dynamic procedure is preferred 
because of the difficulty associated with the static method 
(accurately measuring 16-bit LSB steps). 

To statically adjust DLE at BPZ, refer to the circuit 
shown in Figure 6 or the PCM56 connection diagram. 




FIGURE 4. Total Harmonic Distortion (THD) vs Vo 



FIGURE 6. MSB Adjustment Circuit. 
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After allowing ample warm-up time (5-10 minut^) to 
assure stable operation of the PCM56, select input code 
FFFF hexadecimal (all bits on except the MSB). Measure 
the audio output voltage using a 6-1/2 digit voltmeter 
and record it. Change the digital input code to 0000 
hexadecimal (all bits off except the MSB). Adjust the 
lOOkn potentiometer to make the audio output read 
92/uV more than the voltage reading of the previous code 
(a ILSB step = 92mV). 

A much simpler method is to dynamically adjust the 
DLE at BPZ. Again, refer to Figure 6 for circuitry and 
component values. Assuming the device has been installed 
in a digital audio application circuit, send the appropriate 
digital input to produce a — 80dB level sinusoidal output. 
While measuring the THD of the audio circuit output, 
adjust the lOOkO potentiometer until a minimum level of 
distortion is observed. 

INPUT TIMING CONSIDERATIONS 

Figures 7 and 8 refer to the input timing required to 
interface the inputs of PCM56P to a serial input data 
stream. Serial data is accepted in Binary Twos Comple- 
ment (BTC) with the MSB being loaded first. Data is 
clocked in on positive going clock (CLK) edges and is 
latched into the DAC input register on negative going 
latch enable (LE) edges. 

The latch enable input must be high for at least one clock 
cycle before going low, and then must be held low for at 
least one clock cycle. The last 16 data bits clocked into 
the serial input register are the ones that are transferred 
to the DAC input register when latch enable goes low. In 
other words, when more than 16 clock cycles occur 
between a latch enable, only the data present during the 
last 16 clocks will be transferred to the DAC input 
register. 

One requirement for clocking in all 16 bits is the 
necessity for a "17th" clock pulse. This automatically 
occurs when the clock is continuous (last bit shifts in on 
the first bit of the next data word). When the clock is 



stopped before the "17th" clock cycle occurs, however, 
the last serial input shift will not occur (the MSB will be 
in the bit 2 position). In any application where clock is 
noncontinuous, attention must be given to providing 
enough clocks to fully input the data word. 

Figure 7 refers to the general input format required for 
the PCM56P. Figure 8 shows the specific relationships 
between the various signals and their timing constraints. 



Data 
Input 



LSB ): 




Clock 
Input 



nx 



) 



/^X 



Latch 
Enable / 



- >40ns-* . ,>5ns 

. -^>15ns-«-l 



\ 



-•-> One Clock Cycle- 



-> One Clock Cycle-*- 



FIGURE 8. Input Timing Relationships. 

INSTALLATION 
CONSIDERATIONS 

If the optional external MSB error circuitry is used, a 
potentiometer with adequate resolutidn and a TCR of 
100ppm/°C or less is required. Also, extra care must be 
taken to insure that no leakage path (either AC or DC) 
exists to pin 14. If the circuit is not used, pins 14 and 15 
should be left open. 

The PCM converter and the wiring to its connectors 
should be located to provide the optimum isolation from 
sources of RFI and EMI. The important consideration 
in the elimination of RF radiation or pickup is loop area; 



»■ limiumjimuirLrmmiJinjiiL 

Data ^^^)^^P{^Y^P{^^ 



Latch 
Enable 



NOTES. (1) If clock IS stopped between input of 16-bit data words, latch enable (LE) must remain low until after the first clock of the next 
16-bit data word stream. (2) Data format is binary two's complement (BTC). Individual data bits are clocked in on the corresponding 
positive clock edge. (3) Latch enable (LE) must remain low at least one clock cycle after going negative. (4) Latch enable (LE) must be 
high for at least one clock cycle before going negative. 



FIGURE 7. Input Timing Diagram. 
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therefore, signal leads and their return conductors should 
be kept close together. This reduces the external magnetic 
field along with any radiation. Also, if a signal lead and 
its return conductor are wired close together, they 
represent a small flux-captur6 cross section for any 
external field. This reduces radiation pickup in the 
circuit. 



APPLICATIONS 

Figures 9 and 10 show a circuit and timing diagram for a 
single PCM56P used to obtain both left- and right- 
channel output in a typical digital audio system. The 
audio output of the PCM56P is alternately time-shared 



between the left and right channels. The design is greatly 
simplified because the PCM56P is a complete D/A 
converter requiring no external reference or output op 
amp. 

A sample/hold (S/H) amplifier, or "deglitcher" is 
required at the output of the D/A for both the left and 
right channel, as shown in Figure 9. The S/H amplifier 
for the left channel is composed of Ai, SWi, and 
associated circuitry. Ai is used as an integrator to hold 
the analog vohage in Ci. Since the source and drain of 
the FET swtich operate at a virtual ground when "C" 
and "B" are connected in the sample mode, there is no 
increase in distortion caused by the modulation effect of 
Ron by the audio signal. 




Left Channel 
Deglitcher Control 



Left Channel 
Output to LPF 



Right Channel 
Deglitcher Control 



A "low" signal on the deglitcher control closes switch "A", 
while a "high" signal closes switch "B" 




MP7512 V 
(Micro Power) 



1 OPA101AM or 1/4 OPA404KP 
or 1 OPA606KP 



FIGURE 9. A Sample/ Hold Amplifier (Deglitcher) is Required at the Digital-to-Analog Output for Both Left and 
Right Channels. 
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" t<y = 1 5//S DAC Settling Time 
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Left Channel 
Deglitcher Control . 



n 



n 



toELAY 4 5/iS max 

The deglitcher control signals are generated by timing control logic The fast settling time of the PCM56P makes it possible to 
minimize the delay between left and right channels to about 4 5fjis, which reduces phase error at the higher audio frequencies 



FIGURE 10. Timing Diagram for the Deglitcher Control Signals. 
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Figure 10 shows the deglitcher controls for both left and 
right channels which are produced by timing control 
logic. A delay of 1.5jus (tco) is provided to allow the 
output of the PCM56P to settle within a small error 
band around its final value before connecting it to the 
channel output. Due to the fast settling time of the 
PCM56P it is possible to minimize the delay between the 
left- and right-channel outputs when using a single D/ A 
converter for both channels. This is important because 
the right- and left-channel data are recorded in-phase 
and the use of a slower D/ A converter would result in 
significant phase error at higher frequencies. 

The obvious solution to the phase shift problem in a 
two-channel system would be to use two D/ A converters 
(one per channel) and time the outputs to change 
simultaneously. Figure 1 1 shows a block diagram of the 
final test circuitry used for PCM56P. It should be noted 
that no deglitching circuitry is required on the DAC 
output to meet specified THD performance. This means 
that when one PCM56P is used per channel, the need for 
all the sample/ hold and controls circuitry associated 
with a single DAC (two-channel) design is effectively 
eliminated. The PCM56P is tested to meet its THD 
specifications without the need for output deglitching. 
A low-pass filter is required after the PCM56P to 
remove all unwanted frequency components caused by 
the sampling frequency as well as those resulting from 
the discrete nature of the D/ A output. This filter must 
have a flat frequency response over the entire audio band 
(0-20kHz) and a very high attenuation above 20kHz. 



Most previous digital audio circuits used a higher order 
(9 13 pole) analog filter. However, the phase response of 
an analog filter with these amplitude characteristics is 
nonlinear and can disturb the pulse-shaped characteristic 
transients contained in music. 

SECOND GENERATION SYSTEMS 

One method of avoiding the problems associated with a 
higher order analog filter would be to use digital filter 
oversampling techniques. Oversampling by a factor of 
two would move the sampling frequency (88.2kHz) out 
to a point where only a simple low-order phase-linear 
analog filter is required after the deglitcher output to 
remove unwanted intermodulation products. In a digital 
compact disc application, various VLSI chips perform 
the functions of error detection/ correction, digital filter- 
ing, and formatting of the digital information to provide 
the clock, latch enable, and serial input to the PCM56P. 
These VLSI chips are available from several sources 
(Sony, Yamaha, Signetics, etc.) and are specifically 
optimized for digital audio applications. 
Oversampled circuitry requires a very fast D/ A converter 
since the sampling freuqency is multiplied by a factor of 
two or more (for each output channel). A single PCM56P 
can provide two-channel oversampling at a 4X rate 
(176.4kHz/ channel) and still remain well within the 
settling time requirements for maintaining specified THD 
performance. This would reduce the complexities of the 
analog filter even further from that used in 2X over- 
sampling circuitry. 
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FIGURE 11. Block Diagram of Distortion Test Circuit. 
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BURR-BRO^VN® 





PCM58P 



'^% 



Precision, 18-Bit Monoiitliic Audio 
DIGITAL-TO-ANALOG CONVERTER 



FEATURES 

• 18-BIT MONOLITHIC AUDIO D/A 
CONVERTER 

• VERY LOW MAX THD+N: -96dB Without 
External Adjustment; PCM58P-K 

• SERIAL INPUT FORMAT 100% 
COMPATIBLE WITH INDUSTRY STD 
16-BIT PCM56P 

• VERY FAST SETTLING, GLITCH-FREE 
CURRENT OUTPUT (200ns) 

• LOW-NOISE SCHMITT TRIGGER LOGIC 
INPUT CIRCUITRY 

• COMPLETE WITH REFERENCE 

• RELIABLE PLASTIC 28-PIN DIP 
PACKAGE 



DESCRIPTION 

The PCM58P is a complete, precision 18-bit digital- 
to-analog converter with ultra-low distortion over a very 
wide frequency range. The latched serial input data 
format of the PCM58P is totally based on the widely 
successful 16-bit PCM56P format (with the addition 
of two more data bits). The PCM58P features a very 
low noise and fast settling current output. The PCM58P 
is an excellent example of "latest generation" teichnol- 
ogy m the ever growing BURR-BROWN PCM product 
family of low-cost/high performance data converters. 

The PCM58P comes in a 28-pin plastic DIP package. 
A provision is made for extemal adjustment of the four 
MSBs to further improve the PCM58P's specifications, 
if desired. Applications include very low distortion 
frequency synthesis and high-end consumer and pro- 
fessional digital audio applications. 



O Vref 
O MSBAdj 



Data o 




International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 
Tel: (602) 746-1111 • TVnc 910-952-1111 • Cable: BBRCORP • 



• Street Address: 6730 S. Tucson Blvd. • 
Telex: 66-6491 • FAX: (602) 889-1510 



Tucson, AZ 85706 
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SPECIFICATIONS 



ELECTRICAL 

All Specifications at 25*0, and ±V(.c 



s +5.0V and -12.0V unless othenwise noted. 



PARAMETER 


CONDITIONS 


PCM58P/P-J/P-K 


UNITS 


MIN 


TYP 


MAX 


RESOLUTION 








18 


BITS 


DYNAMIC RANGE 






108 




dB 


INPUT 


DIGITAL INPUT 

Logic Family 
Logic Level: V.^ 

I.H 

Data Format 

Input Clock Frequency 


V,H = +2.7V 
V,^ = +0.4V 


TTL/CMOS Compatible 

+2.0 Wee 

0.0 0.8 

+1.0 

-50 

Serial BTC<^» 

16.9 20 


V 
V 

hA 

|XA 
MHz 


DYNAMIC CHARACTERISTICS 


TOTAL HARMONIC DISTORTION + N^ 

PCM58P: 

f = 991Hz(0dBp 
f = 991Hz (-20dB) 
f = 991Hz (-60dB) 

PCM58P-J: 

f = 99lHz(0dB) 
f = 991Hz (-20dB) 
f = 991Hz (-60dB) 

PCM58P-K 

f = 991Hz(0dB) 
f = 991Hz(-20dB) 
f = 991Hz (-60dB) 


Without MSB Adjustments 

fg = 176.4kHz<'') 
fs= 176.4kHz 
fs= 176.4kHz 

fs= 176.4kHz 
fs= 176.4kHz 
fs= 176.4kHz 

fs=: 176.4kHz 
fs= 176.4kHz 
fs= 176.4kHz 




-94 
-74 
-40 

-96 
-80 
-40 

-100 
-82 
-42 


-92 
-72 
-34 

-94 
-74 
-34 

-96 
-80 
-40 


dB 
dB 
dB 

dB 
dB 
dB 

dB 
dB 
dB 


TRANSFER CHARACTERISTICS | 


ACCURACY 

Gain Error 
Bipolar Zero Error<s' 
Gain Drift 
Bipolar Zero Drift 
Warm-up Time 


0*C to 70°G 
O'C to 70°C 


1 


±1 

±10 

25 

4 


±2 


% 

mV 

ppm/°C 

ppm of FSR/'C 

Minute 


IDLE CHANNEL SUm 


20Hz to 20KHz at BPZ'^) 




+126 




dB 


POWER SUPPLY REJECTION 






+72 




dB 


OUTPUT 1 


ANALOG OUTPUT 

Output Range 
Output Impedance 
Internal Rfeedback 
Settling Time 
Glitch Energy 


1mA Step 


±0.98 
Meets al 


±1.0 

1.2 

3 

200 

THD+N Spec 


±1.02 
S Without Extc 


mA 
kQ 
kil 
ns 
jmal Deglitching 


POWER SUPPLY REQUIREMENTS | 


+V,, Supply Voltage 
-V,, Supply Voltage 
Supply Current +1^^ 

-'cc 
Power Dissipation 


+Vj.c = +5.0V 
-Vc, = -12.0V 


-h4.75 
-10.8 


+5.00 
-12.0 
+10 
-30 
410 


+5.50 
-13.2 


V 

V 

mA 
mA 
mW 


TEMPERATURE RANGE | 


Specification 

Operating 

Storage 





-30 
-60 




+70 
+70 
+100 


«c 



NOTES: (1 ) Binary Two's Complement coding. (2) Ratio of (Distortion„Ms + Noise„j^) / Signal„Ms. (3) D/A converter output frequency/signal level. (4) D/A converter 
sample frequency (4 x 44,1 kHz; 4 times oversampling). (5) Offeet error at bipolar zero. (6) Measured using an OPA27 and 1 0kii feedback and an A-weighted filter. 
(7) Bipolar Zero. 
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MECHANICAL 



P Package— 28-Pin Plastic DIP 




Denotes Pin 1 



H-H 




Seating Plane 



DIM 


INCHES 


MILUMETERS 1 


MIN 


MAX 


MIN 


MAX 


A 


1.350 


1.450 


34.29 


36.83 


B 


.520 


.575 


13.21 . 


14.61 


C 


.169 


.224 


4.29 


5.70 


D 


.015 


.023 


0.38 


0.58 


F 


.043 


.062 


1.09 


1.57 


G 


.100 BASIC 


2.54 BASIC 1 


H 


.030 


.090 


0.76 


2.29 


J 


.008 


.015 


0.20 


0.38 


K 


.100 


.150 


2.54 


3.81 


L 


.600 BASIC 


15.24 BASIC 1 


M 


Qo 


15'* 


Qo 


15" 


N 


.018 


.040 


0.46 


1.02 




NOTE: Leads in taie 
position within 0.01" 
(0.25mm) R at I^MC 
at seating plane. Pin 
numbers are shown 
for reference only. 
Numbers may not be 
marked on package. 
Case: plastic. 
Weight: 4.3 grams 
(0.1 5oz.) 



PIN ASSIGNMENTS 



ORDERING INFORMATION 



PIN 


DESCRIPTION 


MNEMONIC 


P1 




CAP 


P2 


+Vcc Voltage Supply 


+Vcc 


P3 


Decoupling Capacitor 


CAP 


P4 




CAP 


P5 


Bipolar Offset Point 


BPO 


P6 


Cun-ent DAC l^^ 


u 


P7 


Feedback Resistor 


Rfi 


P8 


Analog Common 


ACOM 


P9 


-V,, Voltage Supply 


-Vcc 


P10 


Feedback Resistor 


Rf2 


P11 


Digital Common 


DCOM 


P12 


No Connection 


NC 


P13 


+Vec Voltage Supply 


+Veo 


P14 


No Connection 


NC 


P15 


Decoupling Capacitor 


CAP 


PI 6 


Clock 


CLK 


PI 7 


DAC Latch Enable 


LE 


P18 


No Connection 


NC 


P19 


Data Input 


DATA 


P20 


-V,, Voltage Supply 


-Vcc 


P21 


No Connection 


NC 


P22 


No Connection 


NC 


P23 


No Connection 


NC 


P24 


Bit 4 Adjust 


B4ADJ 


P25 


Bit 3 Adjust 


B3ADJ 


P26 


Bit 2 Adjust 


B2ADJ 


P27 


Bit 1 (MSB) Adjust 


B1ADJ 


P28 


Bit ArijiLSt VpoT 


VPOT 



Basic Model Number 

P: Plastic 
Performance Grade Code - 



PCM58P 



ABSOLUTE MAXIMUM RATINGS 



±V„ Supply Voltages +6V; ~16V 

Input Logic Voltage -IV to ^y^^ 

Storage Temperature -60°C to +100°C 

Lead Temperature during soldering 10s at +300°C 
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Use 400Hz High-Pass 
Filter and 30kHz 
Low-Pass Filter 
Meter Settings 



Distortion 
Analyzer 



Programmable 
Gain Amp 
OdB to 60dB 



Low-Pass 

Filter 

(Toko APQ'25 

or Equivalent) 



(Shiba Soku Model 
725 or Equivalent) 



Binary 
Counter 




Digital Code 








Parallel-to-Serial 
Conversion 






DUT 




(EPROM) 






(PCM58P) 


iL 








A 




i A 












Clock 












1 


Latch Enable | 




Timing 
Logic 


Sampling Rate = 44.1kHz X 4 (176.4kHz) 
Output Frequency = 991 Hz 




-20 
-40 
-60 
-80 
-100 
-120 



LOW-PASS FJLTER 
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ff 



1 10^ 10^ 10^ 10^ 10^ 
Frequency (Hz) 



FIGURE 1 . PCM58P Production THD+N Test Setup. 

DISCUSSION OF 
SPECIFICATIONS 

TOTAL HARMONIC DISTORTION + NOISE 

The key specification for the PCM58P is total harmonic 
distortion plus noise. Digital data words are read into the 
PCM58P at four times the standard audio sampling frequency 
of 44. IkHz or 176.4kHz such that a sinewave output of 991Hz 
is realized. For production testing the output of the DAC 
goes to a programmable gain amplifier to provide gain at 
lower signal output test levels and then through a 20kHz low 
pass filter before being fed into an analog type distortion 
analyzer. See Figure 1, which shows a block diagram of the 
production THD+N test setup. 

In terms of signal measurement, THD+N is the ratio of 
Distortion^g + NoisCjy^^ / Signaljy^g expressed in dB. For 
the PCM58P, THD+N is 100% tested at three different output 
levels using the test setup shown in Figure 1. It is signifi- 
cant to note that this test setup does not include any output 
deglitching circuitry. This means the PCM58P meets even 
it*s -60dB THD+N specification without use of external 
deglitchers. 

ABSOLUTE LINEARITY 

Even though absolute integral and differential linearity specs 
are not given for the PCM58P, the extremely low THD+N 
performance is typically indicative of 15-bit to 16-bit integral 
linearity in the DAC depending on the grade specified. The 
relationship between THD+N and linearity, however, is not 
such that an absolute linearity specification for every indi- 
vidual output code can be guaranteed. 



IDLE CHANNEL SNR 

Another appropriate spec for a digital audio converter is idle 
channel signal to noise ratio (idle channel SNR). This is the 
ratio of the noise on the DAC output at bipolar zero in relation 
to the full scale range of the DAC. The output of the DAC 
is baxid- limited from 20Hz to 20kHz and an A-weighted filter 
is applied to msike this measurement. The idle channel SNR 
for the ?CM5>'.? is typically greater than +126dB, making 
it ideal for low-noise applications. 

OFFSET, GAIN, AND TEMPERATURE DRIFT 

Although the PCM58P is primarily meant for use in dynamic 
applications, specifications are also given for more traditional 
DC parameters such as gain error, bipolar zero offset error, 
and temperature gain drift and offset drift. 

TIMING CONSIDERATIONS 

The PCM58P accepts TTL compatible logic input levels. 
Noise immunity is enhanced by the use of Schmitt trigger 
input architectures on all input signal lines. The data format 
of the PCM58P is binary two's complement (BTC) with the 
most significant bit (MSB) being first in the serial input bit 
stream. Table 1 describes the exact input data to voltage output 
coding relationship. Any number of bits can precede the 18 
bits to be loaded as only the last 18 will be transferred to 
the parallel DAC register after LE (P17; latch enable) has 
gone low. 

The individual DAC serial input data bit shifts transfer are 
triggered on positive CLK edges. The serial to parallel data 
transfer to the DAC occurs on the falling edge of LE (P17). 
Refer to Figure 2 for graphical relationships of these signals. 
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MAXIMUM CLOCK RATE 

The maximum clock rate of 16.9mHz for the PCM58P is 
derived by multiplying the standard audio sample rate of 
44.1kHz times sixteen (16X oversampling) times the stan- 
dard audio word bit length of 24 (44.1kHz x 16 x 24 = 
16.9mHz). Note that this clock rate accommodates a 24-bit 
word length, even though only 1 8 bits are actually being used. 



TABLE I. PCM60P Input/Output Relationships. 



DIGITAL INPUT 


ANALOG OUTPUT 


Binary Two's 
Complement (BTC) 


DAC Output 


Voltage (V) 
V„„,Mocle 


, Current (mA) 
'ou. Mode 


3FFFF Hex 
20000 Hex 
IFFFFHex 
00000 Hex 


+FS 

BPZ 

BPZ-1LSB 

-FS 


+2.9999943 
0.0000000 
-0.0000057 
-3.0000000 


-0.9999981 
0.0000000 
+0.0000019 
+1.0000000 



PI 6 (Clock) 



iru^^ ju¥uuuuum 



1 I / 1 



P17 (Latch Enable) 



NOTES: (1) If clock is stopped between input of 18-bit data words, latch enable (LE) must remain low until after the first clock of the next 18-bit data word 
stream. (2) Data format is binary two's complement (BTC). Individual data bits are clocked in on the corresponding positive clock edge. (3) Latch enable 
(LE) must remain low at least one clock cycle after going negative. (4) Latch enable (LE) must be high for at least one clock cycle before going negative. 



FIGURE 2. PCM58P Timing Diagram. 



"STOPPED-CLOCK" OPERATION 

The PCM58P is normally operated with a continuous clock 
input signal. If the clock is to be stopped in between input 
data words, the last 18-bits shifted in are not actually shifted 
from the serial register to the latched parallel DAC register 
until LE (latch enable) goes low. If the clock input (P16, 
CLK) is stopped between data words, LE (PI 7) must remain 
low until after the first clock cycle of the next data word 
to insure proper DAC operation. In either case, the setup and 
hold times for DATA and LE must still be observed as shown 
in Figure 3. 

INSTALLATION 

Refer to Figure 4 for proper connection of the PCM58P in 
the voltage-out mode using the internal feedback resistor. The 
feedback resistor connections (P7 and P 1 0) should be connected 
to ACOM (P8) if not used. The PCM58P requires only a 
+5V and -12V supply. It is very important that these supplies 
be as "clean" as possible to reduce coupling of supply noise 
to the output. Power supply decoupling capacitors shown in 
Figure 4 should be used, regardless of how good the supplies 
are to maximize power supply rejection. All grounds should 
be connected to the analog ground plane as close to the 
PCM58P as possible. 
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FIGURE 3. PCM58P Setup and Hold Timing Diagram. 



FILTER CAPACITOR REQUIREMENTS 

As shown in Figure 4, other various decoupling capacitors 
are required around the supply and reference points with no 
special tolerances being required. Placement of all capaci- 
tors should be as close to the appropriate pins of the PCM58P 
as possible to reduce noise pickup from surrounding circuitry. 
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FIGURE 4. PCM58P Connection Diagram. 



MSB ADJUSTMENT CIRCUITRY 

With the optional bit adjustment circuitry shown in Figure 
4, even greater performance can be realized by reducing the 
first four major bit cany output errors to zero. The most 
important adjustment for low level outputs would be the step 
between BPZ (bipolar zero; MSB on, all other bits off) and 
the code, which is one LSB less than BPZ (MSB off, all 
other bits on), since every crossing of zero would go through 
this bipolar major carry point. This MSB bit adjustment would 
be made by outputing a very low level signal sine wave and 
calibrating the lOOkQ potentiometer circuit connected to P28 
and P27 while monitoring the THD+N of the PCM58P until 
peak performance is observed. 



Bits 2 through 4 can also be adjusted if desired to obtain 
optimum full-scale output THD+N performance. An addi- 
tional lOOkQ potentiometer adjustment circuit is required for 
every additional bit to be adjusted. If bit adjustment is not 
performed, the respective pins on the PCM58P should be 
left open. 

Once bit adjustment is performed, the reference voltage at 
VPOT (P28) will track the internal reference, insuring that 
the THD+N performance of the PCM58P will remain unaf- 
fected by extemal temperature changes. 
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BURR -BROWN 





PCM60P 



16-Bit CMOS Monolithic Audio 
DIGITAL-TO-ANALOG CONVERTER 



FEATURES 



• LOW COST 16-BIT 2-CHANNEL CMOS 
MONOLITHIC D/A CONVERTER 

• SINGLE SUPPLY +5V OPERATION 

• 50inW POWER DISSIPATION 

• GLITCH-FREE VOLTAGE OUTPUTS 

• LOW DISTORTION: -86dB MAX THD+N 

• COMPLETE WITH REFERENCE 

• SERIAL INPUT FORMAT 

• SINGLE OR DUAL DAC MODE 
OPERATION 

• PLASTIC 24-PIN SOIC PACKAGE 



DESCRIPTION 

The PCM60P is a low cost, dual output 16-bit CMOS 
di^tal-to-analog converter. The PCM60P features 
true glitch-free voltage outputs and requires only a 
single +5 V supply. The PCM60P doesn't require an 
external reference. Total power dissipation is less than 
50mW max. Low maximum Total Harmonic Distor- 
tion + Noise (-86dB max; PCM60P-J) is 100% tested. 
Either one or two channel output modes are fully user 
selectable. 

The PCM60P comes in a spa<pe-saving 24-pin plastic 
SOIC package. PCM60P accepts a serial data input 
format and is compatible with other BURR-BROWN 
PCM products such as the industry standard PCM56P. 
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SPECIFICATIONS 

ELECTRICAL 

All Specifications at 25°C, and Wgc = +5.00V unless othenwise noted. 



PARAMETER 


CONDITIONS 


PCM60P/P-J 


UNITS 


MIN 


TYP 


MAX 


RESOLUTION 








16 


Bits 


DYNAMIC RANGE 






96 




dB 


INPUT 


DIGITAL INPUT 

Logic Family 
Logic Level: V.^ 

Data Format 

input Clock Frequency 


l,H = +40nA max 
l,L = -40nA max 


1 1 

TTL Compatible CMOS 
+2.4 +5.25 
0.0 0.8 

Serial BTC<^' 
8.5 


V 
V 

MHz 


DYNAMIC CHARACTERISTICS 


TOTAL HARMONIC DISTORTION + N® 

PCM60P: 

f = 991Hz(0dBp 
f = 991Hz(-20dB) 
f = 991Hz(-60dB) 

PCM60P-J: 

f = 991Hz(0dB) 
f = 991Hz (-20dB) 
f = 991Hz (-60dB) 


f8=:176.4kHzW 
fs = 176.4kHz 
fs= 176.4kHz 

fs= 176.4kHz 
fs = 176.4kHz 
fg = 176.4kHz 




-88 
-68 
-28 

-92 
-68 
-28 


-82 
-86 


dB 
dB 
dB 

dB 
dB 
dB 


CHANNEL SEPARATION 




+80 


+85 




dB 


TRANSFER CHARACTERISTICS 


ACCURACY 

Gain Error 
Gain Mismatch 
Bipolar Zero Error<5> 
Gain Drift 
Warm-up Time 


Channel to Channel 
O'C to 70°C 


1 


±2 
±1 
±30 
100 


±10 


% 

% 

mV 
ppm/°C 
minute 


IDLE CHANNEL SNR«> 


20— 20kHz; with A-weighted filter 




+90 




dB 


OUTPUT 


ANALOG OUTPUT 

Output Range 
Output Impedance 
Short Circuit Duration 
Settling Time 
Glitch Energy 


T 

Sufficient to 1^ 

Meets all THD+N Spec 


Be Determir 
leet 176.4kHz 
;s Without Ext 


2.8 
2 
ed 

THD+N Spec 
emal Output C 


s 
>eg!itching 


Vp-p 
Q. 


POWER SUPPLY REQUIREMENTS | 


+Vcc Supply Voltage 
Supply Current 
Power Dissipation 


Vcc = +5.00V 


+4.75 


+5.00 
+9.5 


+5.25 
.50 


V 

mA 
mW 


TEMPERATURE RANGE | 


Specification 

Operating 

Storage 





-50 
-60 




+70 
+70 
+100 


°C 
°C 
°C 



NOTE: 1 ) Binary Two's Complement coding. (2) Ratio of (Distortionp^^ + Noise^^^) / Signalnyg. (3) D/A converter output frequency/signal level (on bo\h left and right 
channels). (4) D/A converter sample frequency (4 x 44.1 kHz; 4 times oversampling per channel). (5) Offset error at bipolar zero. (6) Ratio of output at BPZ (Bipolar 
Zero) to the full scale range using a 20kHz low pass filter in addition to an A-weighted filter. 
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MECHANICAL 



P Package-^4-Pin SOIC 





Seating Plane - 



DIM 


INCHES 


MILLIMETERS I 


MIN 


MAX 


MIN 


MAX 


A 


.614 


.630 


15.60 


16.00 


Ai 


.610 


TYP 


15.5 


TYP 


B 


.328 


.346 


8.33 


8.80 


Bt 


.331 


TYP 


8.4 


TYP 


C 


— 


.098 


— 


2.50 





.012 


.020 


0.30 


0.50 


G 


.046 


.054 


1.17 


1.37 


H 


.075 


.115 


1.91 


2.92 


J 


.0039 


.010 


0.10 


0.26 


L 


.453 


.476 


11.5 


12.1 


M 


0° 


TYP 


Oo 


TYP 


N 


.0039 




0.10 





IK 



^ 



NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
material and plating 
composition confomi 
to metliod 2003 
solderability of MIL- 
STD-8$3 (except 
paragraph 3.2) 



PIN ASSIGNMENTS 



ORDERING INFORMATION 



PIN 


DESCRIPTION 


MNEMONIC 


PI 


Left/Right Clock 


LRCLK 


P2 


Word Clock 


WDCLK 


PS 


Clock 


CLK 


P4 


Data 


DATA 


P5 


No Connection 


NC 


P6 


No Connection 


NC 


P7 


Digital Common 


DOOM 


P8 


Analog Common 


ACOM 


P9 


No Connection 


NC 


P10 


Left Channel V^^ 


L CH Out 


P11 


Output Common 


VCOM 


P12 


Right ChannefVj^ 


R CH Out 


P13 


+V<.c Analog Supply 


+Vcc 


P14 


+Vcc Analog Supply 


+Vcc 


P15 


Reference Decouple 


C„e. 


P16 




NC 


P17 


VREF Sense 


VrefSEN 


P18 


Voltage Reference 


Vref 


P19 


+Vcc Analog Supply 


+Vcc 


P20 


+Vcc Analog Supply 


+Vcc 


P21 


+V,c Digital Supply 


+v,. 


P22 




NC 


P23 


Single DAC Mode 


SDM SEL 


P24 


Left/Right DAC Select 


LRDAC 



Basic Model Number 

P: Plastic 
Performance Grade Code- 



ABSOLUTE MAXIMUM RATINGS 



DC Supply Voltage +10V 

Input Logic Voltage -3V to +5.25V 

Power Dissipation 50mW 

Operating Temperature '. -30°C to +70°C 

Storage Temperature -60°C to +100°C 

Lead Temperature (soldering, 10s) +300''C 
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PACKAGE PIN NUMBERS 


SERIAL 

DATA WORD 
INPUT 


LEFT 

CHANNEL 
OUTPUT 


RIGHT 

CHANNEL 
OUTPUT 


P23 
SDM SEL 


P24 
LRDAC 


P1 

LRCLCK 


P2 
WDCLK 








X 
X 
X 
X 










Right 
Right 
Left 
Left 


Hold 

Integrate 

Hold 

Hold 


Hold 

Hold 

Hold 

Integrate 


















Inhibited 
Inhibited 

Left 

Left 


VcOM 
VcOM 
VcOM 
VcOM 


Hold 
Hold 

Integrate 




1 
1 
1 
1 










Right 

Right 

inhibited 

Inhibited 


VcOM 
VcOM 
VcOM 
VcOM 


Hold 

Hold 

Integrate 

Integrate 



NOTE: Positive edge of CLK (P3) latches LRCLK (PI). WDCLK (P2), and DATA (P4). 
TABLE I. PCM60P Logic Truth Table. 



THEORY OF OPERATION 

The PCM60P is a dual output, 16-bit CMOS digital-to-analog 
audio converter. The PCM60P, complete with internal ref- 
erence, has two glitch-free voltage outputs and requires only 
a single +5V power supply. Output modes using either one 
or two channels per DAC are user selectable. The PCM60P 
accepts a serial data input format that is compatible with other 
BURR-BROWN PCM products such as the industry standard 
PCM56R 



ONE DAC TWO-CHANNEL OPERATION 

Normally, the PCM60P is operated with a continuous clock 
input in a two-channel output mode. This mode is selected 
when SDM SEL is held low (P23; single DAC mode select). 
Refer to the truth table shown by Table 1 for exact control 
logic relationships. Data for left and right channel output is 
loaded alternately into the PCM60P while the control logic 
switches the left and right output amplifiers between the 
appropriate integrate and hold modes. Data word latching is 
controlled by WDCLK (P2; word clock) and channel selec- 



D. 

O 

S 

2 



DATA 
O 



CLK 


.9 

1 
1 


WDCLK 


LRCLK 


LRDAC 


SDM SEL 





Serial/Paraiiel 
Shift Register 



16-Bit Input 
Data Latch 



1 6-Bit D/A 
Converter 



10kQ 
^0-<3.5V 



□ 



20k£2 




20kQ ^ 




RCH 



+Vcc Vrep Vrep Crep +Vcc 

SEN 



O 

o 

< 

0. 
0) 
Q 

<0 

z 
o 

s 

o 

z 



o 
o 

o 

Q 

< 



HGUREl. PCM60P Block Diagram 
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TWO CHANNEL PER DAC OUTPUT MODE 

-<-* urn JirinjiruinjuiriJi JiiiniiiinjiniL 

P2(WDCLK) n I I I I 

PI (LRCLK) I Load Right Channel Data Load Left Channel Data I 

PIO(LCHOUT) Hold I Integrate I Hold 

pio(lchVout) ^^xrr zr^" "" 

P12(RCH0UT) I Hold I Integrate |^ 

P12(RCHVout) 



NOTES: P23 (Single DAC Mode Select) = 0; P24 (L/R DAC Select) = X; P2 (WDCLK) = 50% Duty Cycle; Serial Data is read in MSB First 
with BTC Coding (MSB = Bit 1). 



SINGLE CHANNEL PER DAC OUTPUT MODE 



P3 
Both 



£^5 urn JuijmriiirLrijmji JiArmruinjiJL 



P2 (WDCLK) 
Both DACs 



1 \ I I L 



^1 ^\:^?!r!^^ "1 "-oad Right DAC Data I Load Left DAC Data I 

Both DACs I _I I L_ 



P4 (DATA) 
Both DACs 



ID© {EE/^Ei:iM!MiMiB {E]^MiMEI!MK 



"^'"RS.r 1 ^ \ ^^^ L 



P12(RCHVout) 
Right DAC 



P12(RCH0UT) n Hold I Integrate I 

Left DAC I 1 L- 



P12(RCHVout) 
Left DAC 



NOTES: P23 (Single DAC Mode Select) = 1 ; P24 (L/R DAC Select) = (Left DAC) or 1 (Right DAC). 



HGURE2. PCM60P Timing Diagram. 
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DIGITAL INPUT 


ANALOG OUTPUT 


Binary Two's 
Complement (ETC) 


DAC Output (V) 


Voltage (V) 
V^Mode 


7FFF Hex 
0000 Hex 
FFFF Hex 
8000 Hex 
2E5B Hex 


+FS 
BPZ 

BPZ-1 
-FS 

VCOM 


+3.5629443 
+2.1629871 
+0.7629871 
+1.1000000 
+2.6700000 



TABLE II.PCM60P Input/Output Relationships. 



its right channel output dedicated to either left or right data 
input with no additional input signals being required to latch 
the appropriate data from an alternating L/R data word input 
stream. In the single DAC mode, the PCM60P*s left channel 
output is disabled and held at +^qqm' In this mode both DACs 
share common inputs for DATA, CLK, WDCLK, andLRCLK. 
Otherwise circuit connection is the same as the two-channel 
DAC mode, with the exception of LRDAC whose level selects 
whether the single DAC will output dedicated left or right 
channel data. 



tion is made by LRCLK (PI; left/right clock). The block dia- 
gram in Figure 1 shows how a single DAC output provides 
switched output to both integrate and hold amplifiers. Figure 
2 shows the timing for the single DAC two-channel mode 
of operation. Output between left and right channels in this 
mode is not in phase. See Figure 3 for proper connection of 
the PCM60P in the two-channel DAC mode. 

TWO DAC TWO-CHANNEL OPERATION 

In phase, two-channel output can be obtained by using two 
PCM60PS and choosing the single DAC mode (setting P23 
SDM SEL high). With the use of a high or low input level 
on LRDAC (P24; left/right DAC select), each DAC can have 



INTEGRATE & HOLD OUTPUT AMPLIFIERS 

The PCM60P incorporates integrate and hold amplifiers on 
each output channel. This allows a single, very fast DAC to 
feed both amplifiers and reduce circuit complexity. It also 
serves to block the output glitch from the DAC to the indi- 
vidual channel outputs and effectively makes the PCM60P 
outputs "glitch-free." The PCM60P is a single +5V supply 
device with a voltage output swing of 2.8Vp-p The outputs 
swing asynunetrically around VCOM (+V^,^, - 2.33V). See 
Table 11 for exact input/output relationships. Since true CMOS 
amplifiers are used on the PCM60P, the load resistance on 
the outputs should not be less than 1(X)KQ and the capacitive 
loads should not exceed lOOpf. For maximum low-distortion 
performance, output buffer amplifiers should be considered. 



r 



-x 



■i 



*300pF5% 



C3 rZ*300pF5% 
> I 



•Polystyrene 



-|T LRCLK 

E 



WDCLK 

CLK 

DATA 

NC 

NC 

DCOM 

ACOM 

NC 

L CH Out 

VcoM 
R CH Out 



+ 3ijF5% Tantalum 



LRDAC 

SDM SEL 

NC 

+Vcc 

+Vcc 

+Vcc 

Vref 

VrefSEN 

NC 

C REF 
+Vcc 

+Vcc 



SJ 



il — " 
is] — '' 



ie] 



13] ^' 



IOOmF 



^4 
0.1 mf 



10mF 



FIGURE 3. PCM60P Connection Diagram. 
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Use 400Hz High-Pass 
Filter and 30kHz 


Distortion Meter 






Programmable 
Gain Amp 
OdB to 60dB 




Low-Pass 
Filter 


Low-Pass Filter 
Meter Settings 






(Toko APQ-25 
or Equivalent) 






(Sliiba Soku Model 
725 or Equivalent) 








ii 


Binary 
Counter 




Digital Code 
(EPROM) 




Parallel-to-Serial 
Conversion 




DUT 
(PCM60P) 








i 


L 








i 




i 


i i 


i 














Clock 














Latch Enable 










1 










Timing 
Logic 


Sampling Rate = 44.1 kHz X 4 (1 76.4kHz) 
Output Frequency = 991 Hz 




-20 
-40 
-60 
-80 
-100 
-120 



LOW-PASS FILTER 
CHARACTERISTIC 



— 



1 10^ 10^ 10^ 10* 10^ 
Frequency (Hz) 



FIGURE 4. THD + N Test Setup Diagram. 

DISCUSSION OF 
SPECIFICATIONS 

TOTAL HARMONIC DISTORTION + NOISE 

The key specification for the PCM60P is total harmonic 
distortion plus noise. Digital data words are read into the 
PCM60P at four times the standard audio sampling frequency 
of 44.1kHz or 176.4kHz for each channel such that a sine- 
wave output of 991 Hz is realized. For production testing the 
output of the DAC goes to a programmable gain amplifier 
to provide gain at lower signal output test levels and then 
through a 20kHz low pass filter before being fed into an analog 
type distortion analyzer. Figure 4 shows a block diagram 
of the production THD+N test setup. 

In terms of signal measurement, THD+N is the ratio of 
DISTORTION'S + NOISE^s / SIGNAL^j^s expressed in 
dB. For the PCM60P, THD+N is 100% tested at three dif- 
ferent output levels using the test setup shown in Figure 4. 
It is significant to note that this circuit does not include any 
output deglitching circuitry. This means the PCM60P meets 
even its -60dB THD+N specification without use of exter- 
nal deglitchers. 

ABSOLUTE LINEARITY 

Even though absolute integral and differential linearity specs 
are not given for the PCM60P, the extremely low THD+N 
performance is typically indicative of 14-bit to 15-bit integral 
linearity in the DAC depending on the grade specified. The 
relationship between THD+N and linearity, however, is not 
such that an absolute linearity specification for every indi- 
vidual output code can be guaranteed. 



IDLE CHANNEL SNR 

Another appropriate spec for a digital audio converter is idle 
channel signal to noise ratio (idle channel SNR). This is the 
ratio of the noise on either DAC output at bipolar zero in 
relation to the full scale range of the DAC. The output of 
the DAC is band limited from 20Hz to 20kHz and an A- 
weighted filter is applied to make this measurement. 

OFFSET, GAIN, AND TEMPERATURE DRIFT 

The PCM60P is specified for other important parameters such 
as channel separation and gain mismatch between output 
channels. And although the PCM60P is primarily meant for 
use in dynamic applications, typical specs are also given for 
more traditional DC parameters such as gain error, bipolar 
zero offset error, and temperature gain drift. 







0ns min H 




P3 (CLK) 


\ 


/ \ 






P4 (DATA) 


>c 


X 

15ns min 


P2 (WDCLK) 






PI (LRCLK) 


X 

15ns min 



FIGURE 5. PCM60P Setup and Hold Timing Diagram 



Burr-Brown IC Data Book 



6.2-192 



Vol. 33 



TIMING CONSIDERATIONS 

The data format of the PCM60P is binary two's complement 
(BTC) with the most significant bit (MSB) being first in the 
serial input bit stream. Table 2 describes the exact input data 
to voltage output coding relationship. Any number of bits can 
proceed the 16-bits to be loaded as only the last 16 will be 
transferred to the parallel DAC register on the first positive 
edge of CLK (P3; clock input) after WDCLK (P2; word clock) 
has gone low. All inputs to the PCM60P are TTL level com- 
patible. 

WDCLK DUTY CYCLE 

The input signal that controls when data is loaded and how 
long each output is in the integrate mode is WDCLK (P2). 
It is therefore recommended that a 50% (high) duty cycle 
be maintained on WDCLK. This will ensure that each output 
will have enough time to reach it*s final output value, and 
that the output level of each channel will be within the gain 
mismatch specification. Refer to Figure 2 for exact timing 
relationships of WDCLK to CLK and LRCLK and the outputs 
of the PCM60P. The WDCLK can be high longer than 50% 
as long as setup and hold times shown in Figure 5 are observed 
and the time high is roughly equivalent for both left and right 
channels. 



INSTALLATION 

The PCM60P only requires a single +5V supply. The +5V 
supply, however, is used in deriving the internal reference. 
It is therefore very important that this supply be as "clean" 
as possible to reduce coupling of supply noise to the out- 
puts. If a good analog supply is available at greater than +5 V, 
a zener diode can be used to obtain a stable +5V supply. A 
lOOjiF decoupling capacitor as shown in Figure 3 should be 
used regardless of how good the +5V supply is to maximize 
power supply rejection. All grounds should be connected to 
the analog ground plane as close to the PCM60P as possible. 

FILTER CAPACITOR REQUIREMENTS 

As shown in Figure 3, CREF (P15) and VREF SEN (P17) 
should have decoupling capacitors of .l|iF (C4) and lOjjF 
(C5) to +Vj,^ respectively with no special tolerance being 
required. To maximize channel separation between left and 
right channels, 5% 300pF capacitors (C2 and C3) between 
^coM ^"^ ^^^^ ^^ ^^^^ channel outputs are required in 
addition to a 5% 3|jF capacitor (CI) between V^qj^(P1 1) and 
+5V. The ratio of lOK to 1 is the important factor here for 
proper circuit operation. Placement of all capacitors should 
be as close to the appropriate pins of the PCM60P as possible 
to reduce noise pickup from surrounding circuitry. 



SETUP AND HOLD TIMES 

The individual serial data bit shifts, and the serial to parallel 
data transfer, and left/right control are triggered on positive 
CLK edges. The setup time required for DATA, WDCLK, 
and LRCLK to be latched by the next positive going CLK 
is 15ns minimum. A minimum hold time of 15ns is also 
required after the positive going CLK edge for each data bit 
to be shifted into the serial input register. Refer to Figure 
5 for the timing relationship of these signals. 

MAXIMUM CLOCK RATE 

The 100% tested maximum clock rate of 8.47mHz for the 
PCM60P is derived by multiplying the standard audio sample 
rate of 44.1kHz times eight (4X oversampling times two 
channels) times the standard audio word bit length of 24 
(44.1kHz X 4 X 2 X 24 = 8.47mHz). Note that this clock rate 
accommodates a 24-bit word length, even though only 16 
bits are actually being used. 

"STOPPED-CLOCK" OPERATION 

The PCM60P is normally operated with a continuous clock 
input signal. If the clock is to be stopped in between input 
data words, the last 16-bits shifted in are not actually shifted 
from the serial register to the latched parallel DAC register 
until the first clock after the one used to input bit 16 (LSB). 
This means the data is not shifted into the DHC latch until 
the start of the next 16-bit data word input unless at least 
one additional clock accompanies the 16 used to serially shift 
in data in the first place. In either case, the setup and hold 
times for DATA, WDCLK, and LRCLK must still be observed. 



APPLICATIONS 

Probably the most popular use of the PCM60P is in appli- 
cations requiring single power supply operation. For example, 
the PCM60P is ideal for automotive compact disk (CD) and 
digital audio tape (DAT) playback units. To use a more 
complex bipolar DAC requiring ±5V supplies in the +12V 
application for example would require driving a stable 
"floating'* ground and regulating the +12V to +10V. The 
single supply CMOS PCM60P would only require a +5V 
zener diode to regulate its 50mW max supply. The outputs 
could be AC coupled to the rest of the circuit for perfectly 
acceptable high dynamic performance. The PCM60P is ideal 
in any application requiring a minimum of additional circuitry 
as well as ultra low-power CMOS performance. 

Of course, the PCM60P is the D/A converter of choice in 
any application requiring very low power dissipation. Port- 
able battery powered test and measurement equipment re- 
quiring very low distortion digital to analog converters would 
be ideal applications for the CMOS PCM60P with its 50mW 
max power dissipation. 
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BURR -BROWN 






PCM64P 



ADVANCE INFORMATION 
Subject to Change 



18-Bit Audio 
DIGITAL-TO-ANALOG CONVERTER 



FEATURES 

• 18-BIT MONOLITHIC AUDIO D/A CONVERTER 

• LOW -96dB MAX THD+N AT FS (16-BIT 
LINEARITY WITH EXTERNAL ADJUST) 

• VERY FAST SETTLING CURRENT OUTPUT (200ns| 

• PARALLEL INPUTS, 42-PIN PLASTIC "SHRINK" DIP 

• USER PROVIDES 10V REFERENCE AND OP AMP TO 
OPTIMIZE COST EFFECTIVENESS 

• -15V, H-5V SUPPLIES, 415mW POWER 
DISSIPATION 

APPLICATIONS 

• HIGH ACCURACY DIRECT DIGITAL WAVEFORM 
SYNTHESIS 

• PROFESSIONAL AND HIGH END DIGITAL AUDIO 



DESCRIPTION 

The PCM64JP/KP is a precision 18-bit digital-to- 
analog converter that features 16-bit linearity and 
ultra low distortion over a very wide frequency 
range. It is based on the highly accurate and stable 
18-bit DAC729. The PCM64P greatly reduces cost 
by allowing the user to supply an external reference 
and current-to-voltage converter. This enables opti- 
mum cost /performance designs to be achieved when 
the very good temperature drift and stability specifi- 
cations of the DAC729 are not necessarily required. 

The PCM64P comes in a 42-pin double-wide plastic 
"shrink" DIP package. Applications include very 
low distortion frequency synthesis and very high end 
consumer and professional digital audio applications. 
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SPECIFICATIONS 



ELECTRICAL 

All specifications at +25°C. +Vdd = +5 OOV, and -Vcc = -15 OV unless ottierwise noted 



PARAMETER 


CONDITIONS 


PCM64P 


UNITS 


MIN 


TYP 


MAX 


RESOLUTION 








18 


Bits 


DYNAMIC RANGE 






108 




dB 


INPUT 1 


DIGITAL INPUT 

Logic Family 
Logic Level Vih 

V,L 

Data Format 


l,H = +10M 
l,L = -300//A 


1 1 

TTL Compatible 
+2 4 +5 25 
+08 
Parallel CSB, COB, CTC"* 


V 
V 


DYNAMIC CHARACTERISTICS | 


TOTAL HARMONIC DISTORTION + NOISE'^' 

F = 991Hz (OdB) 
F = 991Hz (-20CJB) 
F = 991Hz (-60dB) 


Fs = 176 4kHz with external bits 1-4 adjust'^" 




-100 
-86 
-46 


-96 
-82 
-42 


dB 
dB 
dB 


TOTAL HARMONIC DISTORTION + NOISE 

F = 991Hz (OdB) 
F = 991Hz (-20dB) 
F = 991Hz (-60dB) 


Fs = 176 4kHz without external bits adjust 




-96 
-78 
-38 


-93 
-76 
-36 


dB 
dB 
dB 


NOISE 


20Hz to 20kHz at bipolar zero 






3 


nArms 


TRANSFER CHARACTERISTICS | 


ACCURACY 

Gain Error 
Bipolar Zero Error 








+0 5 
±6 


% 


DRIFT 

Gam 
Bipolar Zero 


0°C to +70°C 
0°C to +70°C 




+10 

+2 




ppm/°C 
ppm of FSR/°C 


POWER SUPPLY SENSITIVITY 

+Vcc 
-Vcc 
+Vdd 






+0 003 
+0 003 
+0 001 




%FSR/%Vcc 
%FSR/%Vcc 
%FSR/%Vdd 


WARM-UP TIME 








1 


minute 


OUTPUT 1 


ANALOG OUTPUT 

Output Range"" 
Internal Rfeedback 
Output Impedance 




-100 
10 


k, 10k, 5k, 
30 


+100 
5k 


mA 
Q 
kQ 


SETTLING TIME 

1mA Step 


lOQtolOOnioad 




200 




ns 


REFERENCE REQUIREMENTS | 


REFERENCE INPUT 

Input Voltage 
Input Current 
Input Current 


Unipolar 
Bipolar 


9.9 


10 


101 
1 
2 


V 

mA 
mA 


POWER SUPPLY REQUIREMENTS | 


Voltage Range -Vcc 
+Vdd 
Current -Vcc 
+Vdd 
Power Dissipation 


-Vcc = -15V, Vdd = +5V 


-14 5 
+4 75 


-22 

+17 
415 


-15 5 
+5 25 


V 

V 

mA 
mA 
mW 


TEMPERATURE RANGE | 


Specification 
Storage 





-50 




+70 
+100 


°C 
°C 



NOTES (1) CTC code requires external inversion 
(4 X 44 1kHz) (4) Tolerance of lour and Rfeedback u 



of MSB bit input (2) Ratio of Distortion rms + Noise rms/Signal rms (3) Fs = Sample rate of DAC 
s approximately ±1% 
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MECHANICAL 



•« A 


»i 




o 


22 

o 


B 




1 


21 


'f 




Seating Plane 



NOTE Leads m true position 
within 01" (0 25mm) R at MMC 
at seating plane. 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 



DIM 


INCHES 


MILLIMETERS 1 


MIN 


MAX 


MIN 


MAX 


A 




1520 




38 60 


B 




575 




14 60 


C 




200 




5 10 


D 


0165 


023 


38 


58 


F 


039 TYP 


1 00 TYP 


G 


070 BASIC 


1 78 BASIC 


J 


007 


014 


018 


36 


K 


100 




2 54 




L 


600 TYP 


15 24 TYP 


M 


OX 


15<'C 


0»C 


15»C 


N 


020 




51 






OUTPUT DEGLITCHING CIRCUITRY 



Cl3 

120pF 



Cl4 

-I- 470pF 



15V 



Cl7 

|3 3/uF 



Cl5 • 

560pF ■ 



Deglitcher 
Control 



+5V 

ii 



1 
J 



Cl6 

33pF 




Rii 
lOkQ 
•AAAr-i 



Rii 
5 6kO 



Cl9 

33pF 



Rl2 

■ 5kn ' 



Rl3 

2 5kfi 



. Cl8 

■3 3/iF 



liN from Pin 35 
of PCM64P 



Low-Pass 
Filter 



C20 
01A<F 




IC1 AD7512 
Ai OPA606 
A2 OPA671 



< Rl4 < Rl5 

< 5 6kO < lOOkQ 
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• Bit 12 



3 Bit 15 
Bit 16 



'Bit 17 



^^ 



Rl7 

5 6kfi 



VRe 
25kn 






■M\ 



C2 

3 3//F 



19 



^|Jf 20 



21 



Servo Filter 

Servo Amp Out 

Servo Amp In 

Ref Filter 

+10V Ref In 

Zener Noise Filter 

Bit 1 (MSB) 

Bit 2 

Bit 3 

Bit 4 

Bits 

Bite 'Ci 

Bit 7 

Bits 

Bit 9 

Bit 10 

Bit 11 

Bit 12 

+5V 

-5 6V Filter 

-15V 



-15 V 
Digital Com 

VPOT 

Bit 2 Adj 

Bit 1 Adj 

Bit 3 Adj 

Bit 4 Adj 

Sum Junction 

RFBi 5kQ 

Analog Ground 

RFBz 5kn 

RFBi lOkO 

RFBz lOkfi 

-2 9V Filter 

+2 7V Filter 

(LSB) Bit 18 

Bit 17 

Bit 16 

Bit 15 

Bit 14 

Bit 13 



To Pin 31 and 
Pin 5 of PCM64 
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ICi PCM64P 
IC2 REF101 
Ai OPA27 
A2 OPA27 



AUDIO, COMMUNICATIONS, DSP D/A CONV. 



i 



PCM64P 




ANALOG MULTIPLEXERS 



Use Burr-Brown analog multiplexers to realize a very low cost-per-channel 
solution to multiple-channel data conversion or analog distribution systems 
designs. Two types are offered — a low-cost, high-quality family of devices 
ranging from 4 to 16 channels that can accommodate either single-ended or 
differential signals, and a very fast switching family, single-ended or 
differential, for high-throughput rate applications. All are TTL- and CMOS- 
compatible, have input protection in excess of the maximum power supply 
voltages, and can be operated singly or in multi-tiered matrices. 
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ANALOG MULTIPLEXERS SELECTION GUIDE 

The Selection Guide shows parameters for all grades. Refer to the Product 
Data Sheet for additional information. Models shown in boldface are new 
products introduced since publication of the previous Burr-Brown IC Data 
Book. 



ANALOG MULTIPLEXERS 












Boldface = NEW 








Input 


On 


Settling 














Range 


Resistance 


Time 


Temp 






Description 


Model 


Channels 


(V) 


max (Q) 


(to 0.01%) 


Range(i) 


Pkg(2) 


Page 


Protected 


HI3>0506A-5 


16-channel 


±15 


1.8k 


3.5|:IS 


Com 


28-p PDIP 


7-3 


inputs 




single ended 
















HI1-0506A-5 


16-channel 
single ended 


±15 


1.8k 


3.5|xs 


Com 


28-p CDIP 


7-3 




HI1-0506A-2 


16-channel 
single ended 


±15 


1.5k 


3.5|xs 


Mil 


28-p CDIP 


7-3 




HI3-0507A-5 


8-channel 
differential 


±15 


1.8k 


3.5|as 


Com 


28-p PDIP 


7-3 




HI1-0507A-5 


8-channel 
differential 


±15 


1.8k 


3.5^s 


Com 


28-p CDIP 


7-3 




HI1-0507A-2 


8-channel 
differential 


±15 


1.5k 


3.5|is 


Mil 


28-p CDIP 


7-3 




HI3-0508A-5 


8-channel 
single ended 


±15 


1.8k 


3.5|as 


Com 


16-pPDIP 


7-13 




HI1-0508A-5 


8-channel 
single ended 


±15 


1.8k 


3.5[is 


Com 


16-pCDIP 


7-13 




HI1-0508A-2 


8-channel 
single ended 


±15 


1.5k 


3.5)IS 


Mil 


16-pCDIP 


7-13 




HI3-0509A-5 


4-channel 
differential 


±15 


1.8k 


3.5|as 


Com 


16-pPDIP 


7-13 




HI1-0509A-5 


4-channel 
differential 


±15 


1.8k 


3.5^xs 


Com 


16-pCDIP 


7-13 




HI1-0509A-2 


4-channel 
differential 


±15 


1.5k 


3.5|is 


Mil 


16-pCDIP 


7-13 


High Speed 


MPC800KG 


16 single or 
8 differential 


±15 


750 


800ns 


Com 


CDIP 


7-23 




MPC800SG 


16 single or 
8 differential 


±15 


750 


800ns 


Mil 


CDIP 


7-23 




MPC801KG 


8 single or 
4 differential 


±15 


750 


800ns 


Com 


CDIP 


7-30 




MPC801SG 


8 single or 
4 differential 


±15 


750 


800ns 


Mil 


CDIP 


7-30 



NOTES: (1) Temperature Range: Com = 0°C to +70°C, Mil = -55°C to +125°C. (2) CDIP = Ceramic DIP, PDIP = Plastic DIP. 



MODELS STILL AVAILABLE BUT NOT FEATURED IN THIS BOOK 

MPC16S 
MPC4D 
MPC8S 
MPC8D 
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BURR-BROWN a 




HI-506A 
HI-507A 



MILITARY & DIE 
VERSIONS 
AVAILABLE 



Single-Ended 16-Channel/Differential 8-Channel 
CMOS ANALOG MULTIPLEXERS 



FUNCTIONAL DIAGRAMS 




Decoder/ 
Driver 



*Digital Input Protection 



Z^ 



Level 
Shift 



tm 



OOut 



Vref Ao Ai A2 A3 En 



FEATURES 

• ANALOG OVERVOLTAGE PROTECTION: 70Vp-p 

• NO CHANNEL INTERACTION DURING OVERVOLTAGE 

• ESQ RESISTANT 

• BREAK-BEFORE-MAKE SWITCHING 

• ANALOG SIGNAL RANGE: ±15V 

• STANDBY POWER: 7.5mW typ 

• TRUE SECOND SOURCE 

DESCRIPTION 

The H1-506A is a 16-channel single-ended analog 
multiplexer and the H 1-507 A is an 8-channel differ- 
ential multiplexer. 

The H 1-506 A and H 1-507 A multiplexers have input 
cnervoltage protection. Analog input voltages may 
exceed either power supply voltage without damaging 
the device or disturbing the signal path of other 
channels. The protection circuitry assures that signal 
fidelity is maintained even under fault conditions 
that would destroy other multiplexers. Analog inputs 
can withstand 70Vp-p signal levels and standard 
ESD tests. Signal sources are protected from short 
circuits should multiplexer power loss occur; each 
input presents a IkO resistance under this condition. 
Digital inputs can also sustain continuous faults up 
to 4V greater than either supply voltage. 
These features make the H 1-506 A and H 1-507 A 
ideal for use in systems where the analog signals 
orginate from external equipment or separately 
powered sources. 

The H1-506A and HI-507A are fabricated with Burr- 
Brown's dielectrically isolated CMOS technology. 
The multiplexers are available in a hermetic ceramic 
DIP or plastic DIP. Commercial (0°C to +75°C) and 
military (— 55°C to +125°C) versions are available. 
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SPECIFICATIONS 



ELECTRICAL 

Supplies = +15V, -15V, Vre 



(Pin 13) = Open, Vah (Logic Level High) = +4 OV, Val (Logic Level Low) = +0.8V unless otherwise specified. 



PARAMETER 


TEMP 


Hi-506A-2/HI-S07A-2 


HI-506A-5/HI-507A-S 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


ANALOG CHANNEL CHARACTERISTICS 


















Vs, Analog Signal Range 


Full 


-15 




+15 


-15 




+15 


V 


Ron, On Resistance'^' 


+25°C 




12 


15 




15 


18 


kO 




Full 




15 


18 




18 


20 


kn 


Is (OFF), Off Input Leakage Current 


+25°C 
Full 




03 


50 




03 


50 


nA 
nA 


Id (OFF), Off Output Leakage Current 


+25°C 




01 






01 




nA 


HI-506A 


Full 






300 






300 


nA 


HI-507A 


Full 






200 






200 


nA 


Id (OFF) with Input Overvoltage Applied'^' 


+25°C 
Full 




40 


20 




40 




nA 
/^A 


Id (ON), On Channel Leakage Current 


+25°C 




01 






01 




nA 


HI-506A 


Full 






300 






300 


nA 


HI -507 A 


Full 






200 






200 


nA 


Idiff Differential Off Output Leakage Current 


















(HI-507A Only) 


Full 






50 






50 


nA 


DIGITAL INPUT CHARACTERISTICS 


















Val, Input Low Threshold TTL Drive 


Full 






08 






08 


V 


Vah, Input High Threshold'^' 


Full 


40 






40 






V 


Val MOS Drive "" 


+25°C 






08 






08 


V 


Vah 


+25°C 


60 






60 






V 


Ia, Input Leakage Current (High or Low)'^' 


Full 






10 






10 


/iA 


SWITCHING CHARACTERISTICS 


















tA, Access Time 


+25°C 
Full 




05 


10 




05 


10 


//s 

/YS 


toPEN, Break-Before-Make Delay 


+25°C 


25 


80 




25 


80 




ns 


toN (EN), Enable Delay (ON) 


+25°C 
Full 




300 


500 
1000 




300 


1000 


ns 
ns 


toFF (EN), Enable Delay (OFF) 


+25°C 
Full 




300 


500 
1000 




300 


1000 


ns 
ns 


Settling Time (0 1%) 


+25°C 




12 






12 




JJS 


(0 01%) 


+25°C 




35 






35 




fJS 


"OFF Isolation"'^' 


4-25°C 


50 


68 




50 


68 




dB 


Cs (OFF), Channel Input Capacitance 


+25°C 




5 






5 




pF 


Co (OFF), Channel Output Capacitance HI-506A 


+25°C 




50 






50 




PF 


HI-507A 


+25°C 




25 






25 




pF 


Ca, Digital Input Capacitance 


+25°C 




5 






5 




pF 


Cos (OFF), Input to Output Capacitance 


+25°C 




01 






01 




pF 


POWER REQUIREMENTS 


















Pd, Power Dissipation 


Full 




75 






75 




mW 


I+, Current Pin 1'^' 


Full 




05 


20 




05 


20 


mA 


I-. Current Pin 27'^' 


Full 




02 


10 




02 


10 


mA 



NOTES (1) VouT - +10V, louT = -100iuA (2) Analog overvoltage = +33V (3) To drive from DTL/TTL circuits IkO pull-up resistors to +5 OV supply are 
recommended (4) Vref = +10V (5) Digital input leakage is primarily due to the clamp diodes Typical leakage is less than InA at 25°C (6) Ven = 8V, 
Rl = 1kn, Cl = 15pF, Vs = 7Vrms, f = 100kHz Worst-case isolation occurs on channel 4 due to proximity of the output pins (7) Ven, Va = OV or 4 OV 



ABSOLUTE MAXIMUM RATINGS 



(1) 



TRUTH TABLES 
HI-506A 













"ON" 


A3 


A2 


Ai 


Ao 


EN 


CHANNEL 


X 


X 


X 


X 


L 


None 




L 






H 


1 




L 






H 


2 




L 






H 


3 




L 






H 


4 




H 






H 


5 




H 






H 


6 




H 






H 


7 




H 






H 


8 


H 


L 






H 


9 


H 


L 






H 


10 


H 


L 






H 


11 


H 


L 






H 


12 


H 


H 






H 


13 


H 


H 






H 


14 


H 


H 


H 




H 


15 


H 


H 


H 


H 


H 


16 



HI-507A 



"" 








"ON" 










CHANNEL 


A2 


A, 


Ao 


EN 


PAIR 


X 


X 


X 


L 


None 


L 


L 


L 


H 


1 


L 


L 


H 


H 


2 


L 


H 


L 


H 


3 


L 


H 


H 


H 


4 


H 


L 


L 


H 


5 


H 


L 


H 


H 


6 


H 


H 


L 


H 


7 


H 


H 


H 


H 


8 



Voltage between supply pins 44V 

Vrei= to ground, V+ to ground 22V 

V- to ground 25V 

Digital input overvoltage 

Ven, Va Vsupply(+) +4V 

Vsupply(-) -4V 

or 20mA, whichever occurs first 

Analog input overvoltage 

Vs Vsupply(+) +20V 

Vsupply(+) -20V 

Continuous current, S or D 20mA 

Peak current, S or D 
(pulsed at 1ms, 10% duty cycle max) 40mA 

Power dissipation* 2 OW, 

Operating temperature range- 
Hi -506 A/507 A-2 -55°C to +125°C 

HI-506A/507A-5 0°C to +75°C 

Storage temperature range -65°C to +150°C 

♦Derate 20 0mW/°C above Ta = +75°C 
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ually, beyond which the serviceability of the circuit may be impaired 
Functional operation under any of these conditions is not necessarily 
implied 
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PIN CONFIGURATIONS 





Top View 






Top View 




+ VSUPPLY 


c 


1 ^ 28 


] 


Out 


+VSUPPLY 


c 


1 ^ 28 


3 


Out A 


NC 


c 


2 27 


: 


-VSUPPLY 


OutB 


c 


2 27 


: 


— VsUPPLY 


NC 


c 


3 26 


: 


In 8 


NC 


c 


3 26 


: 


ln8A 


In 16 


: 


4 25 


: 


In 7 


ln8B 


c 


4 25 


: 


ln7A 


In 15 


c 


5 24 


: 


In 6 


ln7B 


c 


5 24 


3 


InSA 


In 14 


c 


6 23 


J 


In 5 


In 68 


L 


6 23 


J 


ln5A 


In 13 


c 


7 22 


: 


In 4 


ln5B 


C 


7 22 


1 


ln4A 


In 12 


[ 


8 21 


: 


In 3 


ln4B 


c 


8 21 


] 


ln3A 


In 11 


c 


9 20 


: 


In 2 


ln3B 


c 


9 20 


: 


ln2A 


In 10 


c 


10 19 


] 


In 1 


ln2B 


c 


10 19 


: 


In 1A 


In 9 


c 


11 18 


J 


Enable 


In IB 


c 


11 18 


: 


Enable 


Ground 


L 


12 17 


J 


Address Ao 


Ground 


c 


12 17 


D 


Address Ao 


Vref 


. 


13 16 


J 


Address Ai 


Vref 


c 


13 16 


: 


Address Ai 


Address A3 


[ 


14 15 


J 


Address A2 


NC 


C 14 15 


1 


Address Az 




HI1-506A (ceramic 


) 




HI1-507A (ceramic) 




HI3-506A (plastic) 






HI3-507A (plastic) 





MECHANICALS 



."..^i^i^r^r^f^t^r^r^r^r^i^r^ 



Vp,n1 



Ceramic DIP Package 



B Pin numbers shown 
I for reference only 
Numbers many not 
be marked on 
package 






Seating Plane 




JU 



NOTE Leads in true 
position within 010" 
(0 25mm) R at MMC 
at seating plane 



DIM 


INCHES 


MILLIMETERS 


NyilN 


MAX 


MIN 


MAX 


A 


1 360 


1 470 


34 54 


37 34 


B 


500 


550 


12 70 


13 97 


c 





200 





5 08 


D 


015 


021 


38 


53 


F 


030 


070 


76 


1 78 


G 


100 BASIC 


2 54 BASIC 


H 


030 


095 


76 


2 41 


J 


007 


013 


018 


33 


K 


100 





2 54 





L 


600 BASIC 


15 24 BASIC 


M 





15° 





15° 


N 


020 


090 


51 


2 29 



A " 




28 15 

) 

14 


B 



Plastic DIP Package 



"^Pinl. 




DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


1350 


1450 


34 29 


36 83 


B 


520 


575 


1321 


14 61 


C 


169 


224 


4 29 


5 70 


D 


015 


023 


38 


58 


F 


043 


062 


109 


157 


G 


100 BASIC 


2 54 BASIC 


H 


030 


090 


76 


2 29 


J 


008 


015 


20 


38 


K 


100 


150 


2 54 


3 81 


L 


600 BASIC 


15 24 BASIC 


M 


0° 


15° 


0° 


15° 


N 


018 


040 


46 


102 



NOTE Leads in true 
position within 010" 
(0 25mm) R at MMC at 
seating plane 

Pin numbers are shown for 
reference only numbers 
may not be marked on 
package 

CASE Plastic 
MATING 

CONNECTOR 2803MC 
WEIGHT 4 3 grams 
(015OZ) 



< 

o 
10 



(D 
O 

in 



ORDERING INFORMATION 







Temperature 




Model 


Package 


Range 


Description 


HI3-0506A-5 


28-Pin Plastic DIP 


0°Cto+75°C 


16-Channel Single-Ended 


HI1-0506A-5 


28-Pm Ceramic DIP 


0°Cto+75°C 


16-Channel Single-Ended 


HI1-0506A-2 


28-Pm Ceramic DIP 


-55°Cto+125°C 


16-Channel Single-Ended 


H 13-0507 A-5 


28-Pin Plastic DIP 


0°Cto+75°C 


8-Channel Differential 


HI1-0507A-5 


28-Pin Ceramic DIP 


0°Cto+75°C 


8-Channel Differential 


HI1-0507A-2 


28-Pin Ceramic DIP 


-55°Cto+125°C 


8-Channel Differential 


BURN-IN SCREENING 


OPTION 






See text for details 












Temperature 


Burn-In Temp. 
(160 Hours)"' 


Model 


Package 


Range 


HI 3-0506 A-5- Bl 


28-Pin Plastic DIP 


.0°Cto+75°C 


+85° C 


HI1-0506A-5-BI 


28-Pin Ceramic DIP 


0°Cto+75°C 


+125°C 


H1 1-0506 A-2-BI 


28-Pin Ceramic DIP 


-55°Cto+125°C 


+125°C 


HI3-0507A-5-BI 


28-Pin Plastic DIP 


0°Cto+75°C 


+85° C 


HI1-0507A-5-BI 


28-Pin Ceramic DIP 


0°Cto+75°C 


+125°C 


HI1-0507A-2-BI 


28-Pin Ceramic DIP 


-55°Cto+125°C 


+ 125°C 



0) 

oc 

UJ 
X 
UJ 

_l 
I- 



o 
o 

-I 

< 
z 
< 



NOTE (1 ) Or equivalent combination of time and temperature 
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DISCUSSION OF 
PERFORMANCE 

DC CHARACTERISTICS 

The static or DC transfer accuracy of transmitting the 
multiplexer input voltage to the output depends on the 
channel ON resistance (Ron), the load impedance, the 
source impedance, the load bias current and the multi- 
plexer leakage current. 

Single-Ended Multiplexer Static Accuracy 

The major contributors to static transfer accuracy for 
single-ended multiplexers are: 

Source resistance loading error 

Multiplexer ON resistance error 

DC offset error caused by both load bias current and 

multiplexer leakage current. 
Resistive Loadin g NErrors 

The source and load impedances will determine the input 
resistive loading errors. To minimize these errors: 

• Keep loadin g impedance as hi g h as possible . This 
minimizes the resisitive loading effects of the source 
resistance and multiplexer ON resistance. As a guide- 
line, load impedances of 10*^0 or greater will keep 
resistive loading errors to 0.002% or less for lOOOO 
source impedances. A lO^O load impedance will 
increase source loading error to 0.2% or more. 

• Use sources with impedances as low as possib le. A 
lOOOn source resistance will present less than 0.001% 
loading error and lOkfl source resistance will increase 
source loading error to 0.01% with a 10** load imped- 
ance. 

Input resistive loading errors are determined by the 
following relationship: (see Figure 1) 

Source and Multiplexer Resistive Loading Error 

c — Rs + Ron V, ,^^^ 

' (Rs + Ron) - Rs + Ron + Rl ^ '""^^ 

where Rs = source resistance 
Rl = load resistance 
Ron = multiplexer ON resistance 




FIGURE 1. H 1-506 A Static Accuracy Equivalent 
Circuit. 

Input Offset Voltage 

Bias current generates an input OFFSET voltage as 
a result of the IR drop across the multiplexer ON resistance 
and source resistance. A load bias current of lOnA will 



generate an offset voltage ol 20^1 V if a lk(l source is 
used. In general, for the HI-506A, the OFFSET voltage 
at the output is determined by: 

VoMSIi=(lB + lL)(RoN + Rs) 

where Ih = Bias current of device multiplexer is driving 
li = Multiplexer leakage current 
Ron = Multiplexer ON resistance 
Rs = Source resistance 

Differential Multiplexer Static Accuracy 

Static accuracy errors in a differential multiplexer are 
difficult to control, especially when it is used for multi- 
plexing low-level signals with full-scale ranges of lOmV 
to lOOmV. 

The matching properties of the multiplexer, source and 
output load play a very important part in determining 
the transfer accuracy of the multiplexer. The source 
impedance unbalance, common-mode impedance, load 
bias current mismatch, load differenital impedance mis- 
match, and common-mode impedance of the load all 
contribute errors to the multiplexer. The multiplexer ON 
resistance mismatch, leakage current mismatch and ON 
resistance also contribute to differenital errors. 
Referring to Figure 2, the effects of these errors can be 
minimized by following the general guidelines described 
in this section, especially for low-level multiplexing 
applications. 




FIGURE 2. HI-507A Static Accuracy Equivalent 
Circuit. 

Load (Output Device) Characteristics 

• Use devices with very low bias current . Generally, 
FET input amplifiers should be used for low-level 
signals less than 50mV FSR. Low bias current bipolar 
input amplifiers are acceptable for signal ranges higher 
than 50mV FSR. Bias current matching will determine 
the input offset. 

• The system DC common-mode rejection (CMR) can 
never be better than the combined CMR of the 
multiplexer and driven load. System CMR will be less 
than the device which has the lower CMR figure. 

• Load impedances, differential and common-mode, 
should be 10'"n or higher. 
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Source Characteristics 

• The source impedance unbalance will produce offset, 
common-mode and channel-to-channel gain-scatter 
errors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Kee p source impedances as low as possible to minimize 
resitive loading errors. 

• Minimize g round loo ps. If signal lines are shielded, 
ground all shields to a common point at the system 
analog common. 

If the H1-507A is used for multiplexing high-level signals 
of IV to 10 V full-scale ranges, the foregoing precautions 
should still be taken, but the parameters are not as 
critical as for low-level signal applications. 

DYNAIVIIC CHARACTERISTICS 
Settling Time 

The gate-to-source and gate-to-drain capacitance of the 
CMOS FET switches, the RC time constants of the 
source and the load determine the settling time of the 
multiplexer 

Cioverned by the charge transfer relation i = C (dV/dt), 
the charge currents transferred to both load and source 
by the analog switches are determined by the amplitude 
and rise time of the signal driving the CMOS FET 
switches and the gate-to-drain and gate-to-source junction 
capacitances as shown in Figures 3 and 4. Using this 
relationship, one can see that the amplitude of the 
switching transients seen at the source and load decrease 



HI-506A Channel 



wr^^ 



it 



1 j^ 



it-4- 



y. T ^ 




>0 I 



FIGURE 3. Settling Time Effects— HI-506A. 

proportionally as the capacitance of the load and source 
increase. The tradeoff for reduced switching transient 
amplitude is increased settling time. In effect, the amp- 
litude of the transients seen at the source and load are: 

dV,. = (i/C)dt 
where i = C (dV/dt) of the CMOS FET switches 

C = load or source capacitance 
The source must then redistribute this charge, and the 
effect of source resistance on settling time is shown in the 
Typical Performance Curves. This graph shows the 
settling time for a 20V step change on the' input. The 
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FIGURE 4. Settling and Common-Mode Effects- 
HI-507A. 

settling time for smaller step changes on the input will 
less than that shown in the curve. 
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Switching Time 

This is the time required for the CMOS FET to turn ON 
after a new digital code has been applied to the Channel 
Address inputs. It is measured from the 50 percent point 
of the address input signal to the 90 percent point of the 
analog signal seen at the output for a lOV signal change 
between channels. 

Crosstall( 

Crosstalk is the amount of signal feedthrough from the 
seven (H 1-507 A) or 15 (HI-506A) OFF channels appear- 
ing at the multiplexer output. Crosstalk is caused by the 
voltage divider effect of the OFF channel, OFF resistance 
and junction capacitances in series with the Ron and Rs 
impedances of the ON channel. Crosstalk is measured 
with a 20Vp-p lOOOHz sine wave applied to all OFF 
channels. The crosstalk for these multiplexers is shown 
in the Typical Performance Curves. 

Common-Mode Rejection (HI-507A Only) 

The matching properties of the load, multiplexer and 
source affect the common-mode rejection (CMR) capa- 
bility of a differentially multiplexed system. CMR is the 
ability of the multiplexer and input amplifier to reject 
signals that are common to both inputs, and to pass on 
only the signal difference to the output. For the HI-507A 
protection is provided for common-mode signals of 
±20V above the power supply voltages with no damage 
to the analog switches. 

The CMR of the HI-507A and Burr-Brown's INAllO 
Instrumentation Amplifier (G = 100) is IIOdB at DC to 
lOHz with a 6dB/octave rolloff to 70dB at lOOOHz. This 
measurement of CMR is shown in the Typical Perfor- 
mance Curves and is made with a Burr-Brown INAIIO 
Instrumentation Amplifier connected for gains of 500, 
100, and 10. 
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Factors which will degrade multiplexer and system DC 
CMR are: 

• Amplifier bias current and differential impedance 
mismatch 

• Load impedance mismatch 

• Multiplexer impedance and leakage current mismatch 

• Load and source common-mode impedance 

AC CMR rolloff is determined by the amount of common- 
mode capacitances (absolute and mismatch) from each 
signal line to ground. Larger capacitances will limit 
CMR at higher frequencies; thus, if good CMR is 
desired at higher frequencies, the common-mode capaci- 
tances and unbalance of signal ines and multiplexer to 
amplifier wiring must be minimized. Use twisted-shielded 
pair signal lines wherever possible. 



CROSSTALK VS SIGNAL FREQUENCY 
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TYPICAL DYNAMIC PERFORMANCE CURVES 

Typical at +25°C unless otherwise noted 

SETTLING TIME VS SOURCE RESISTANCE 
FOR 20V STEP CHANGE 
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SWITCHING WAVEFORMS 

Typical at +25°C unless otherwise noted 



Address Drive 
(Va) 

Output 



50% Hi i-50% 

toPEN 



BREAK-BEFORE-MAKE DELAY (toPEN) 




12 5pF 



♦Similar connection for HI-507A 
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SWITCHING WAVEFORMS (CONT) 
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♦Similar connection for HI-507A 



PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS 

Unless otherwise specified Ta = +25°C, Vs = +15V, Vah = +4V, Val = 8V and Vref = Open 
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INPUT SIGNAL. SUPPLY VOLTAGE 
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ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUI^TS (CONT) 



LEAKAGE CURRENT VS TEMPERATURE 
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ON-CHANNEL CURRENT VS VOLTAGE 
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1 










1 






Vs = 
Vs = 


+i0VvV 


1 








>^ 











Ik 10k 100k 1M 

Toggle Frequency (Hz) 




-=" •=- +4V 



*HI-506A +V 
A3 inl 



^1 




-15V/-10V 
♦Similar connection for HI-507A 



Burr-Brown IC Data Book 



7-10 



VoL 33 



PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CONT) 



ACCESS TIME VS LOGIC LEVEL (High) 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

The ENABLE input, pin 18, is included for expansion of 
the number of channels on a single node as illustrated in 
Figure 5. With ENABLE line at a logic 1, the channel is 
selected by the 3-bit (H 1-507 A) or 4-bit (HL506A) 
Clianncl Select Address (shown in the Truth Tables). If 
ENABLE is at logic 0, all channels are turned OFF, even 
if the Channel Address Lines are active. If the ENABLE 
line is not to be used, simply tie it to +V supply. 
If the +I5V and; or —15V supply voltage is absent or 
shorted to ground, the HI-507A and H1-506A multi- 
plexers will not be damaged; however, some signal 
feedthrough to the output will occur. Total package 
power dissipation must not be exceeded. 
For best settling speed, the input wiring and intercon- 
nections between multiplexer output and driven devices 
should be kept as short as possible. When driving the 
digital inputs from TTL, open collector output with pull- 
up resistors are recommended (see Typical Performance 
Curves, Access Time). 

To preserve common-mode rejection of the H 1-507 A, use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and/or multiplexer output lines. This will 



help common-mode capacitance balance and reduce 
stra> signal pickup. It shields are used, all shields should [ 
be connected as close as possible to system analog 
common or to the common-mode guard driver. 
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FIGURE 5. 32- to 64-Channel, Single-Tier Expansion. 
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CHANNEL EXPANSION 

Single-Ended Multiplexer (HI-506A) 

Up to 64 channels (four multiplexers) can be connected 
to a single node, or up to 256 channels using 17 HI- 
506A multiplexers on a two-tiered structure as shown in 
Figures 5 and 6. 

Differential Multiplexer (HI-507A) 

Single or multitiered configurations can be used to 
expand multiplexer channel capacity up to 64 channels 
using a 64 X 1 or an 8 X 8 configuration. 

Single-Node Expansion 

The 64 X 1 configuration is simply eight (HI-507A) units 
tied to a single node. Programming is accomplished with 
a 6-bit counter, using the 3LSBs of the counter to 
control Channel Address inputs Ao, Ai and A2 and the 
3MSBs of the counter to drive an 8-of-l decoder. The 
8-of-l decoder then is used to drive the ENABLE inputs 
(pin 18) of the HI-507A multiplexers. 

Two-Tier Expansion 

Using an 8 X 8 two-tier structure for expansion to 64 
channels, the programming is simplified. The 6-bit 
counter output does not require an 8-of-l decoder. The 
3LSBs of the counter drive the Ao, Ai and A2 inputs of 
the eight first-tier multiplexers and the 3MSBs of the 
counter are applied to the Ao, Ai and A2 inputs of the 
second-tier multiplexer. 

Sin g le vs Multitiered Channel Expansion 
In addition to reducing programming complexity, two- 
tier configuration offers the added advantages over 
single-node expansion of reduced OFF channel current 
leakage (reduced OFFSET), better CMR, and a more 
reliable configuration if a channel should fail ON in the 
single-node configuration, data cannot be taken from 
any channel, whereas only one channel group is failed (8 
or 16) in the multitiered configuration. 
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FIGURE 6. Channel Expansion Up to 256 Channels 
Using 16 X 16 Two-Tiered Expansion. 



BURN-IN SCREENING 

Burn-in screening is an option available for both plastic 
and ceramic package CMOS HI-050XA analog multi- 
plexers. Burn-in duration is 160 hours at the temperature 
(or equivalent combination of time and temperature) 
indicated below: 

Plastic "-BI" models: +85° C 
Ceramic "-BI" models: +125°C 

All units are 100% electrically tested after burn-in is 
completed. To order burn-in, add "-BI" to the base 
model number. 
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BURR-BROWN® 




HI-508A 
HI-509A 

MILITARY & DIE 
VERSIONS 
AVAILABLE 



Single-Ended 8-Channel/Differential 4-Channel 
CMOS ANALOG MULTIPLEXERS 



FEATURES 

• ANALOG OVERVOLTAGE PROTECTION: 70Vp-p 

• NO CHANNEL INTERACTION DURING OVERVOLTAGE 

• ESQ RESISTANT 

• BREAK-BEFORE-MAKE SWITCHING 

• ANALOG SIGNAL RANGE: ±15V 

• STANDBY POWER: 7.5mW typ 

• TRUE SECOND SOURCE 

DESCRIPTION 

The H 1-508 A is an 8-channel single-ended analog 
multiplexer and the H 1-509 A is a 4-channel differ- 
ential multiplexer. 

The H 1-508 A and HI-509A multiplexers have input 
overvoltage protection. Analog input voltages may 
exceed either power supply voltage without damaging 
the device or disturbing the signal path of other 
channels. The protection circuitry assures that signal 
fidelity is maintained even under fault conditions 
that would destroy other multiplexers. Analog inputs 
can withstand 70Vp-p signal levels and standard 
ESD tests. Signal sources are protected from short 
circuits should multiplexer power loss occur; each 
input presents a IkH resistance under this condition. 
Digital inputs can also sustain continuous faults up 
to 4V greater than either supply voltage. 

These features make the HI-508A and HI-509A 
ideal for use in systems where the analog signals 
originate from external equipment or separately 
powered sources. 

The HI-508A and HI-509A are fabricated with Burr- 
Brown's dielectrically isolated CMOS technology. 
The multiplexers are available in a hermetic ceramic 
DIP or plastic DIP. Commercial (0°C to +75°C) and 
military (— 55°C to H-125°C) versions are available. 



FUNCTIONAL DIAGRAMS 
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SPECIFICATIONS 

ELECTRICAL 

Supplies = +15V, -15V, Vah (Logic Level High) = 



+4 OV, Val (Logic Level Low) - +0 8V unless otherv\/ise specified 



PARAMETER 


TEMP 


HI-508/HI-509A-2 


HI-508/HI-509A-5 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


ANALOG CHANNEL CHARACTERISTICS 

Vs, Analog Signal Range 
Ron, On Resistance'^' 

Is (OFF), Off Input Leakage Current 

Id (OFF), Off Output Leakage Current 

HI -508 A 

HI -509 A 
Id (OFF) with Input Overvoltage Applied'^' 

Id (ON), On Channel Leakage Current 

HI-508A 

HI -509 A 
Idiff Differential Off Output Leakage Current 

(HI-509AOnly) 


Full 
+25°C 

Full 
+25°C 

Full 
+25°C 

Full 

Full 
+25°C 

Full 
+25°C 

Full 

Full 

Full 


t15 


12 
15 
03 

01 

40 
01 


+15 
15 
18 

50 

200 
100 

20 

200 
100 

50 


-15 


15 
1 8 
03 

01 

40 
01 


+15 
18 
20 

50 

200 
100 

200 
100 

50 


V 

kn 

kQ 
nA 
nA 
nA 
nA 
nA 
nA 
/iA 
nA 
nA 
nA 

nA 


DIGITAL INPUT CHARACTERISTICS 

Val, Input Low Threshold 

Vah, Input High Threshold'^' 

Ia, Input Leakage Current (High or Low)"" 


Full 
Full 
Full 


40 




08 

10 


40 




08 
10 


V 
V 


SWITCHING CHARACTERISTICS 

Ia, Access Time 

toPEN, Break-Before-Make Delay 
toN (EN), Enable Delay (ON) 

toFF (EN), Enable Delay (OFF) 

Settling Time (01%) 
(0 01%) 
"OFF Isolation"'^' 

Cs (OFF), Channel Input Capacitance 
Co (OFF), Channel Output Capacitance HI-508A 
HI-509A 
Ca, Digital Input Capacitance 
Cos (OFF), Input to Output Capacitance 


+25°C 

Full 
+25°C 
+25°C 

Full 
+25°C 

Full 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


25 
50 


05 

80 
300 

300 

12 
35 
68 

5 

25 
12 

5 
01 


10 

500 
1000 
500 
1000 


25 
50 


05 

80 
300 

300 

12 
35 
68 

5 

25 
12 

5 
01 


10 

1000 
1000 


fjlS 
fJS 

ns 
ns 
ns 
ns 
ns 

fJS 
fJS 

dB 
PF 
PF 
pF 
pF 
pF 


POWER REQUIREMENTS 

Pd, Power Dissipation 
I+, Current'®' 
I-, Current'®' 


Full 
Full 
Full 




75 
05 
02 


20 
10 




75 
05 
02 


20 
10 


mW 
mA 
mA 



NOTES (1) VouT = +10V, louT = -100/iA (2) Analog overvoltage = ±33V (3) To drive from DTL/TTL circuits, IkQ pull-up resistors to +5 OV supply are 
recommended (4) Digital input leakage is primarily due to the clamp diodes Typical leakage is less than InA at 25°C (5) Ven = 8V, Rl = IkQ, Cu = 15pF, 
Vs = 7Vrms, f = lOOkHz Worst-case isolation occurs on channel 4 due to proximity of the output pins (6) Ven, Va = OV or 4 OV 



TRUTH TABLES 
HI-508A 



HI-509A 



ABSOLUTE MAXIMUM RATINGS'' 
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H 
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H 
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"ON" 








CHANNEL 


Ai 


Ao 


EN 


PAIR 


X 


X 


L 


None 


L 


L 


H 


1 


L 


H 


H 


2 


H 


L 


H 


3 


H 


H 


H 


4 



Voltage between supply pins 44V 

V+ to ground 22V 

V- to ground 25V 

Digital input overvoltage Ven, Va Vsupply (+) +4V 

VsuppLY (-) -4V 

or 20mA, whichever occurs first 

Analog input overvoltage Vs Vsupply (+) +20V 

Vsupply (-) -20V 

Continuous current, S or D 20mA 

Peak current, S or D (pulsed at 1ms, 10% duty cycle max) 40mA 

Power dissipation* 1 28W 

Operating temperature range HI -508 A/509 A-2 ... -55°C to +125°C 

HI-508A/509A-5 0°C to +75°C 

Storage temperature range -65°C to +150°C 

* Derate 12 8mW/°C above Ta = +75°C 



NOTE (1) Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be 
impaired Functional operation under any of these conditions is not 
necessarily implied 
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MECHANICAL 




Pin 1 





Seating Plane 



NOTE Leads in true position 
within 010" (0 25mm) R at MMC 
at seating plane 
PINS Pin material and plating 
composition conform to method 
2003 (solderability) of MIL-STD- 
883 (except paragraph 3 2) 
CASE Plastic 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


740 


800 


18 80 


20 32 


Ai 


725 


785 


18 42 


19 94 


B 


230 


290 


5 85 


7 38 


Bi 


200 


250 


5 09 


6 36 
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120 


200 


3 05 


5 09 
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015 


023 


38 


59 
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100 BASIC 


2 54 BASIC i 
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Ceramic DIP Package 
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NOTE Leads in true position 
within 010" (0 25mm) R at MMC 
at seating plane 



DIM 


INCHES 


MILLIMETERS j 


MIN 


MAX 


MIN 


MAX 


A 


760 


885 


19 30 


22 48 
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220 


280 


5 59 


711 
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200 
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5 08 
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38 
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100 BASIC 


2 54 BASIC 
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2 54 
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PIN CONFIGURATIONS 



Top View 



Top View 
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HI1-508A (ceramic) 
HI3-508A (plastic) 
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ORDERING INFORMATION 



Model 


Package 


Temperature 
Range 


Description 


HI3-0508A-5 


16-Pin Plastic DIP 


0°Cto+75°C 


8-Channel Single-Ended 


HI1-0508A-5 


16-Pin Ceramic DIP 


0°Cto+75°C 


8-Channel Single-Ended 


HI1-0508A-2 


16-Pin Ceramic DIP 


-55°Cto+125°C 


8-Channel Single-Ended 


HI3-0509A-5 


16-Pin Plastic DIP 


0°Cto+75°C 


4-Channel Differential 


H1 1-0509 A-5 


16-Pin Ceramic DIP 


0"'Cto4-75°C 


4-Channel Differential 


HI1-0509A-2 


28-Pin Ceramic DIP 


-55°Cto+125°C 


4-Channel Differential 


BURN-IN SCREENING 


DPTION 






See text for details 








Model 


Package 


Temperature 
Range 


Burn-In Temp. 
(160 Hours)'^' 


HI3-0508A-5-BI 


16-Pin Plastic DIP 


0°Cto+75°C 


+85° C 


HI1-0508A-5-BI 


16-Pin Ceramic DIP 


0°Cto+75°C 


+125°C 


HI1-0506A-2-BI 


16-Pin Ceramic DIP 


-55°Cto+125°C 


+125''C 


HI3-0509A-5-BI 


16-Pin Plastic DIP 


0°Cto+75''C 


+85° C 


HI1-0509A-5-BI 


16-Pin Ceramic DIP 


0°Cto+75°C 


+125°C 


HI1-0509A-2-BI 


16-Pin Ceramic DIP 


-55°Cto+125°C 


+125°C 



NOTE (1) Or equivalent combinatton of time and temperature 
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DISCUSSION OF 
PERFORMANCE 

DC CHARACTERISTICS 

The static or DC transfer accuracy of transmitting the 
multiplexer input voltage to the output depends on the 
channel ON resistance (Ron), the load impedance, the 
source impedance, the load bias current and the multi- 
plexer leakage current. 

Single-Ended Multiplexer Static Accuracy 

The major contributors to static transfer accuracy for 
single-ended multiplexers are: 

Source resistance loading error 

Multiplexer ON resistance error 

DC offset error caused by both load bias current and 

multiplexer leakage current. 

Resistive Loading Errors 

The source and load impedances will determine the input 

resistive loading errors. To minimize these errors: 

• Keep loadin g impedance as hi g h as possible . This 
minimizes the resisitive loading effects of the source 
resistance and multiplexer ON resistance. As a guide- 
line, load impedances of lO^O or greater will keep 
resistive loading errors to 0.002% or less for lOOOH 
source impedances. A lO^H load impedance will 
increase source loading error to 0.2% or more, 

• Use sources with impedances as low as possible. A 
lOOOn source resistance will present less than 0.001% 
loading error and lOkO source resistance will increase 
source loading error to 0.01% with a 10^ load impe- 
dance. 

Input resistive loading errors are determined by the 
following relationship: (see Figure 1) 

Source and Multiplexer Resistive Loadin g Error 

' (Rs + Ron) ^ Rs + Ron + Rl ^ *^^^' 
where Rs — source resistance 
Rl = load resistance 
Ron = multiplexer ON resistance 

Input Offset Voltage 

Bias current generates an input OFFSET voltage as 
result of the IR drop across the multiplexer ON resistance 
and source resistance. A load bias current of lOnA will 
generate an offset voltage of 20/xV if a IkO source is used. 
In general, for the HI-508A, the OFFSET voltage at the 
output is determined by: 

VoFFSET = (Ib + II) (Ron + Rs) 
where Ib = Bias current of device multiplexer is driving 
II = Multiplexer leakage current 
Ron = Multiplexer ON resistance 
Rs = Source resistance 



Differential Multiplexer Static Accuracy 

Static accuracy errors in a differential multiplexer are 
difficult to control, especially when it is used for multi- 
plexing low-level signals with full-scale ranges of lOmV 
to lOOmV. 

The matching properties of the multiplexer, source and 
output load play a very important part in determining 
the transfer accuracy of the multiplexer. The source 
impedance unbalance, common-mode impedance, load 
bias current mismatch, load differenital impedance mis- 
match, and common-mode impedance of the load all 
contribute errors to the multiplexer. The multiplexer ON 
resistance mismatch, leakage current mismatch and ON 
resistance also contribute to differenital errors. 

The effects of these errors can be minimized by following 
the general guidelines described in this section, especially 
for low-level multiplexing applications. Refer to Figure 2. 

Load (Output Device) Characteristics 

• Use devices with verv low bias current . Generally, 
FET input amplifiers should be used for low-level 
signals less than 50mV FSR. Low bias current bipolar 
input amplifiers are acceptable for signal ranges higher 
than 50mV FSR. Bias current matching will determine 
the input offset. 

• The system DC common-mode rejection (CMR) can 
never be better than the combined CMR of the 
multiplexer and driven load. System CMR will be less 
than the device which has the lower CMR figure. 

• Load Impedances, differenital and common-mode, 
should be lO'^O or higher. 




FIGURE I. HI-508A DC Accuracy Equivalent Circuit. 




FIGURE 2. HI-509A DC Accuracy Equivalent Circuit. 
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Source Characteristics 

• The source impedance unbalance will produce offset, 
common-mode and channel-to-channel gain-scatter 
errors. Use sources which do not have large impedance 
unbalances if at all possible. 

• K^eep source impedances as low as possible to minimize 
resistive loading errors. 

• Minimize g round loo ps. If signal lines are shielded, 
ground all shields to a common point at the system 
analog common. 

If the H 1-509 A is used for multiplexing high-level signals 
of ±1V to ±10V full-scale ranges, the foregoing pre- 
cautions should still be taken, but the parameters are not 
as critical as for low-level signal applications. 

DYNAMIC CHARACTERISTICS 
Settling Time 

The gate-to-source and gate-to-drain capacitance of the 
CMOS FET switches, the RC time constants of the 
source and the load determine the settling time of the 
multiplexer. 

Governed by the charge transfer relation i = C (dV/dt), 
the charge currents transferred to both load and source 
by the analog switches are determined by the amplitude 
and rise time of the signal driving the CMOS FET 
switches and the gate-to-drain and gate-to-source junction 
capacitances as shown in Figures 3 and 4. Using this 
relationship, one can see that the amplitude of the 
switching transients, seen at the source and load, decrease 
proportionally as the capacitance of the load and source 
increase. The tradeoff for reduced switching transient 
amplitude is increased settling time. In effect, the amp- 
litude of the transients seen at the source and load are: 

dVL = (i/C)dt 
where i = C (dV/dt) of the CMOS FET switches 

C = load or source capacitance 
The source must then redistribute this charge, and the 
effect of source resistance on settling time is shown in the 
Typical Performance Curves. This graph shows the 
settling time for a 20V step change on the input. The 
settling time for smaller step changes on the input will be 
less than that shown in the curve. 
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FIGURE 3. Settling Time Effects— HI-508A. 



FIGURE 4. Settling and Common-Mode Effects— 
HI-509A. 

Switching Time 

This is the time required for the CMOS FET to turn ON 
after a new digital code has been applied to the Channel 
Address inputs. It is measured from the 50 percent point 
of the address input signal to the 90 percent point of the 
analog signal seen at the output for a lOV signal change 
between channels. 

Crosstalk 

Crosstalk is the amount of signal feethrough from the 
three (HI-509A) or seven (HI-508A) OFF channels 
appearing at the multiplexer output. Crosstalk is caused 
by the voltage divider effect of the OFF channel OFF 
resistance and junction capacitances in series with the 
Ron and Rs impedances of the ON channel. Crosstalk is 
measured with a 20Vp-p IkHz sine wave applied to all 
OFF channels. The crosstalk for these multiplexers is 
shown in the Typical Performance Curves. 

Common-Mode Rejection (HI-509A Only) 

The matching properties of the load, multiplexer and 
source affect the common-mode rejection (CMR) capa- 
bility of a differentially multiplexed system. CMR is the 
ability of the multiplexer and input amplifier to reject 
signals that are common to both inputs, and to pass on 
only the signal difference to the output. For the H 1-509 A, 
protection is provided for common-mode signals of 
±20V above the power supply voltages with no damage 
to the analog switches. 

The CMR of the HI-509A and Burr-Brown's INAIIO 
Instrumentation Amplifier is llOdB at DC to lOHz (G = 
100) with a 6dB/ octave rolloff to 70dB at lOOOHz. This 
measurement of CMR is shown in the Typical Perfor- 
mance Curves and is made with a Burr-Brown model 
IN Alio Instrumentation Amplifier connected for gains 
of 10, 100, and 500. 

Factors which will degrade multiplexer and system DC 
CMR are: 
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• Amplifier bias current and differential impedance 
mismatch 

• Load impedance mismatch 

• Multiplexer impedance and leakage current mismatch 

• Load and source common-mode impedance 

AC CMR rolloff is determined by the amount of common- 
mode capacitances (absolute and mismatch) from each 
signal line to ground. Larger capacitances will limit 
CMR at higher frequencies; thus, if good CMR is 
desired at higher frequencies, the common-mode capaci- 
tances and unbalance of signal lines and multiplexer-to- 
amplifier wiring must be minimized. Use twisted-shielded- 
pair signal lines wherever possible. 



BURN-IN SCREENING 

Burn-in screening is an option available for both plastic 
and ceramic package CMOS HI-050XA analog multi- 
plexers. Burn-in duration is 160 hours at the temperature 
(or equivalent combination of time and temperature) 
indicated below: 



Plastic "-BI" models: 
Ceramic "-BI" models: 



+85° C 
4-125°C 



All units are 100% electrically tested after burn-in is 
completed. To order burn-in, add "-BI" to the base 
model number. 



TYPICAL DYNAMIC PERFORMANCE CURVES 

Typical at +25°C unless otherwise noted 



SETTLING TIME VS SOURCE RESISTANCE 
FOR 20V STEP CHANGE 



CROSSTALK VS SIGNAL FREQUENCY 
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COMBINED CMR VS FREQUENCY 
HI-509A AND INA110 
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SWITCHING WAVEFORMS 

Typical at +25°C unless otherwise noted 
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Similar connection for HI-509A 
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*Similar connection for HI-509A 



PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS 

Unless otherwise specified Ta = +25, Vs = +15V, Vah = +4V, Val = 8V and Vref = Open 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CONT) 



SUPPLY CURRENT VS 
TOGGLE FREQUENCY 
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♦Similar connection for HI-509A 




LEAKAGE CURRENT VS 
TEMPERATURE 



lOOpA 



lOpA 







































































Input 


^ 




Ofl 


_^J 


' On Lei 
Current 


Curren 


t Id (OFF) 


A^ 


jkage 
d(0N) 

— V 


^ 


/ 




h^ 


^ 






//^ J 


r 




> 


^ y 


V Off 


nput 


/^ 


/ 


Leakag 
ls( 


3 Current 
DFF) 


^=j/ 








_^ 








JT 








^ 

























±10V J=- 

X 





_x\ En 


r\ 






Out 




~^ rv-, 


—Tk ^-'^ 






1 


(A) 






r 



(OFF) 

=:tiov 



ls(OFF)(A^ 
10V 



±iov-=r 

X 



■=• -=i.T10V 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CONT) 



ACCESS TIME VS 
LOGIC LEVEL (High) 
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♦Similar connection for HI-509A 



ACCESS TIME 






Address 
ive (Va) 



t. h 



1 


Va input ;: 1 


2V/DIV :: 1 




r-^-i >- 


i A-f- 


1 .. Output A 1 

1 :: 5V/DIV 1 



ON-CHANNEL CURRENT 
VS VOLTAGE 



2 

8 
6 
4 
2 










1 , 


^ ■ 25°C 










" 55°( 


K> 


/^1250C 










^ 


^ 


^" 










^ 


^ 












^ 


^ 












^^ 












/^ 















-o^ — o- 



T-O 

\ ? 



*2 *4 '6 -8 MO M2 M4 16 

ViN Voltage Across Switch (V) 



■<^ 



Burr-Brown IC Data Book 



7-21 



Vol. 33 



INSTALLATION AND 
OPERATING INSTRUCTIONS 

The ENABLE input, pin 2, is included for expansion of 
the number of channels on a single node as illustrated in 
Figure 5. With ENABLE line at a logic 1, the channel is 
selected by the 2-bit (H1-509A) or 3-bit (HI-508A) 
Channel Select Address (shown in the Truth Tables). If 
ENABLE is at logic 0, all channels are turned OFF, even 
if the Channel Adddress Lines are active. If the ENABLE 
line is not to be used, simply tie it to +Vsupply. 
If the +15V and/ or —15V supply voltage is absent or 
shorted to ground, the HI-509A and HI-508A multi- 
plexers will not be damaged; however, some signal 
feedthrough to the output will occur. Total package 
power dissipation must not be exceeded. 
For best settling speed, the input wiring and intercon- 
nections between multiplexer output and driven devices 
should be kept as short as possible. When driving the 
digital inputs from TTL, open collector output with pull- 
up resistors are recommended. 

To preserve common-mode rejection of the H 1-509 A, use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and/ or multiplexer output lines. This will 
help common-mode capacitance balance and reduce 
stray signal pickup. If shields are used, all shields should 
be connected as closely as possible to system analog 
common or to the common-mode guard driver. 

CHANNEL EXPANSION 

Single-Ended Multiplexer (HI-508A) 

Up to 32 channels (four multiplexers) can be connected 
to a single node, or up to 64 channels using nine HI- 
508A multiplexers on a two-tiered structure as shown in 
Figures 5 and 6. 
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FIGURE 5. 32-Channel, Single-Tier Expansion. 



FIGURE 6. Channel Expansion Up to 64 Channels 
Using 8X8 Two-Tiered Expansion. 



Differential Multiplexer (HI-509A) 

Single or multitiered configurations can be used to 
expand multiplexer channel capacity up to 32 channels 
using a 32 X 1 or 16 channels using a 4 X 4 configuration. 

Single-Node Expansion 

The 32 X 1 configuration is simply eight (HI-509A) units 
tied to a single node. Programming is accomplished with 
a 5-bit counter, using the 2LSBs of the counter to 
control Channel Address inputs Ao and Ai and the 
3MSBs of the counter to drive a l-of-8 decoder. The 
l-of-8 decoder then is used to drive the ENABLE inputs 
(pin 2) of the HI-509A multiplexers. 

Two-Tier Expansion 

Using a 4 X 4 two-tier structure for expansion to 16 
channels, the programming is simplified. A 4-bit counter 
output does not require a l-of-8 decoder. The 2LSBs of 
the counter drive the Ao and Ai inputs of the four first- 
tier multiplexers and the 2MSBs of the counter are 
applied to the Ao and Ai inputs of the second-tier 
multiplexer. 

Sin g le vs Multitiered Channel Expansion 
In addition to reducing programming complexity, two- 
tier configuration offers the added advantages over 
single-node expansion of reduced OFF channel current 
leakage (reduced OFFSET), better CMR, and a more 
reliable configuration if a channel should fail in the ON 
condition (short). Should a channel fail ON in the 
single-node configuration, data cannot be taken from 
any channel, whereas only one channel group is failed 
(4 or 8) in the multitiered configuration. 
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BURR -BROWN® 



MPC800 




High Speed 
CMOS ANALOG MULTIPLEXER 



FEATURES 

» HIGH SPEED 

lOOnsec access time 
SOOnsec settling 10 0.01% 
250nsec settling to 0.1% 

• USER-PROGRAIVIIIIIABLE 

16-ctiannel single-ended or 
8-cliannel differential 

• SELECTABLE TTL or CMOS COIVIPATIBILITY 

• WILL NOT SHORT SIGNAL SOURCES 

Breaic-before-make switching 

• SELF-CONTAINED WITH INTERNAL 
CHANNEL ADDRESS DECODER 

• 28-PIN HERMETIC OUAL-iN-LINE PACKAGE 
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DESCRIPTION 

The MPC800 is a high speed multiplexer that is 
user-programmable for 16-channel single-ended 
operation or 8-channel differential operation and for 
TTL or CMOS compatibility. 
The M PC800 features a self-contained binary address 
decoder. It also has an enable line which allows the 
user to inhibit the entire muhiplexer thereby facili- 
tating channel expansion by adding additional 
multiplexers. 

High quality processing is employed to produce 
CMOS FET analog channel switches which have low 
leakage current, low ON resistance, high OFF 
resistance, low feedthrough capacitance, and fast 
settling time. 

Two models are available, the MPC800KG for 
operation from 0"C to +75T and the MPC800SG 
for operation from -55*'C to +125"C. 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25°C and ±Vcc = 15V, unless otherwise noted 



MODEL 


MPC800KG, MPC800SG 


UNITS 


PARAMETER 


MIN 1 TYP 1 MAX 


INPUT 


ANALOG INPUT 


Voltage Range 


-15 




+15 


V 


Maximum Overvoltage 


-Vcc -2 




+VCC. +2 


V 


Number of Input Channels 










Differential 


8 








Single-Ended 


16 








Reference Voltage Range(i) 


6 




10 


V 


ON Characteristics(2) 










ON Resistance (Ron) at +25°C 




620 


750 


n 


Over Temperature Range 




700 


1000 


ii 


Ron Drift vs Temperature 


See Typical Performance Curves 




Ron Mismatch 




<10 




n 


ON Channel Leakage 




04 




nA 


Over Temperature Range 




06 


100 


nA 


ON Channel Leakage Drift 


See Typical Performance Curves 




OFF Characteristics 










OFF Isolation 




90 




dB 


OFF Channel Input Leakage 




01 




nA 


Over Temperature Range 




38 


50 


nA 


OFF Channel Input Leakage Drift 


See Typical Performance Curves 




OFF Channel Output Leakage 


035 


nA 


Over Temperature Range 


48 100 


nA 


OFF Channel Output Leakage Drift 


See Typical Performance Curves 




Output Leakage (All 










channels disabled )(3) 




02 




nA 


Output Leakage with Overvoltage 










+16V Input 




<0 35 




mA 


-16V Input 




<0 65 




mA 


DIGITAL INPUTS | 


Over Temperature Range 










TTL(4) 










Logic "0"(Val) 






08 


V 


Logic "1"(Vah) 


24 






V 


Iah 




05 


1 


mA 


Ial 




4 


25 


mA 


TTL Input Overvoltage 


-6 




6 


V 


CMOS 










Logic "0" (Val) 






3VREF 


V 


Logic "1" (Vah) 


7 Vref 






V 


CMOS Input Overvoltage 


-2 




+Vcc +2 


V 


Address A3 Overvoltage 


-Vcc -2 




+Vcc +2 


V 


Digital Input Capacitance 




5 




PF 


Channel Select{5) 










Single-Ended 


4-bit binary code one of 16 




Differential 


3-bit binary code one of 8 




Enable 


Logic "0" inhibits all channels 




POWER REQUIREMENTS | 


Over Temperature Range 










Rated Supply Voltage 




±15 




V 


Maximum Voltage Between Supply Pins 






33 


V 


Total Power Dissipation 




525 




mW 


Allowable Total Power Dissipation(6) 






1200 


mW 


Supply Dram (+25°C) 










At IMH2 Switching Speed 




+35, -39 




mA 


At 100kHz Switching Speed 




+25, -29 




mA 


DYNAMIC CHARACTERISTICS | 


Gain Error 


1 < 0003 1 


% 


Cross Talk(7) 


See Typical Performance Curves 




Topen (Break before make delay) 




20 




nsec 


Access Time at +25°C 




100 


150 


nsec 


Over Temperature Range 




120 


200 


nsec 


Settling Time(8) 










to01%(20mV) 




250 




nsec 


to001%(2mV) 




800 




nsec 


Common-Mode Rejection (Differential) 










DC 




>125 




dB 


60Hz 




>75 




dB 


Channel Input Capacitance, Cs (off) 




25 




pF 


Channel Output Capacitance, Co (off) 




18 




pF 


Input to Output Capacitance, Cos (off : 


_. J 


02 




pF 



MECHANICAL 



■^f^r^rir^/^,^r-^r^r^K^r^r»iA 



ggi^ijijygijygyyij^ 



-Denotes Pin 



I -L» 

H — m\ U4 G 



-i"^ 



- Seating Plane 



■e 



\ ( 25mrp)R @> MMC at seating plant 

y 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1 360 


1475 


34 54 


3747 


B 


500 


550 


12 70 


13 97 


c 




220 




5 5» 


D 


015 


021 


38 


53 


F 


030 


070 


76 


1 78 


G 


100 BASIC 


2 54 BASIC 1 


H 


030 


095 


76 


241 


J 


007 


013 


18 


33 


K 


100 


- _ 


2 54 


- 


L 


.600 BASIC 


15 24 BASIC 1 


M 




15° 




15° 


N 


020 


090 


051 


2 29 



PIN CONFIGURATION 



+Vcc 

OUTB 

NO 

IN16/8B 

IN15/7B 

IN14/6B 

IN13/5B 

IN12/4B 

IN11/3B 

IN10/2B 

IN9/1B 

GND 

Vref 

A3 



1 


28 


2 


27 


3 


26 


4 


25. 


5 


24 


6 


23 


i 


22 


8 


21 


9 


20 


10 


19 


11 


18 


12 


17 


13 


16 


14 


15 



OUT A 

-Vcc 

IN 8/8 A 

IN7/7A 

IN6/6A 

IN5/5A 

IN4/4A 

IN3/3A 

IN2/2A 

IN1/1A 

ENABLE 

Ac 

Ai 

A2 
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MODEL 


MPC800KG, MPC800SG 


UNITS 


PARAMETER 


MIN 1 TYP 1 MAX 


TEMPERATURE | 


MPC800KG 










Specification 







+75 


OC 


Storage 


-65 




+150 


°c 


MPC800SG 










Specification 


-55 




+125 


°c 


Storage 


-65 




+150 


°c 



NOTES. 

1 Reference voltage controls noise immunity, normally left open for 
TTL compatibility and connected to Vdd for CMOS compatibility 

2 ViN = ±10V, Iout = 100mA 

3 Single-ended mode 

4. Logic levels specified for Vref ipin 13i open 

5 For single-ended operation, connect output A i pin 28 1 to output B 
ipm2i and use A3 ipin 14i as an address line For differential operation 
connect A3 to -Vcc 

6 Derate 8mW/°C above Ta = +75° C 

7 10V, p-p, sine wave on all unused channels See Typical Performance 
Curves 

8 For20\/ step input to ON channel, into Ikll load 



TYPICAL PERFORMANCE CURVES 





CROSS TALK VS SIGNAL FREQUENCY 


1 

1 

CO 01 








/ 




■35 

c 

01 






y 


/ 






0.001 

# 

K 0.0001 
" 0.00001 




y 


/ 






y 


/ 








/ 











LEAKAGE CURRENTS 
VS TEMPERATURE 



COMBINED CMR VS FREQUENCY 
FOR MODEL 3630 AND MPC800 
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DISCUSSION OF 
PERFORMANCE 

STATIC TRANSFER ACCURACY 

The static or DC transfer accuracy of transmitting the 
multiplexer input voltage to the output depends on the 
channel ON resistance (Ron), the load impedance, the 
source impedance, the load bias current, and the 
multiplexer leakage current. 

Single-Ended Multiplexer Static Accuracy 

The major contributors to static transfer accuracy for 
single-ended multiplexers are: 

Source resistance loading error 

Multiplexer ON resistance error 

DC offset error caused by both load bias current and 
multiplexer leakage current. 

RESISTIVE LOADING ERRORS 

I he source and load impedances uill determine the ON 
resistance loading errors. I o minimi/e these errors: 

• Keep loadin g impedance as hi g h as possible . This 
minimi/es the resistive loading effects of the source 
resistance and multiplexer ON resistance. As a guide- 
line, load impedances of lO^H or greater will keep 
resistive loading errors to 0.002% or less for lOOOH 
source impedances. A lO^O load impedance will 
increase source loading error to 0.2% or more. 

• Use sources with impedances as low as possible. A 
1000(1 source resistance will present less than 0.002% 
loading error and lOkfl source resistance will increase 
source loading error 0.02% with a 10*^(1 load 
impedance. 

Input resistive loading errors are determined by the 
following relationship (see Figure 1): 

Source and Mu lti plexer Resistive Loadin g Error 

Rs + Ron \t\r\rrf 

where Rs = Rsohrc 

Ri = Load Resistance 

R()\ - Multiplexer ON resistance 




FIGURE 1. MPC800 Static Accuracy Equivalent Circuit 
(Single-ended Operation). 

Input Offset Voltage 

Bias and leakage currents generate an input Offset 
voltage as a result of the Ir drop across the multiplexer 



ON resistance and source resistance. A load bias current 
of lOnA, a leakage current of 1 nA, and an ON resistance 
ol 700(1 will generate an offset voltage of 19/xV if a 1000(1 
source is used, and 1 iS^uV if a 10k(l source is used. In 
general, for the M PC800 the Offset voltage at the output 
IS determined by: 



Vof-FSl I = (Ib + Il)(R()\ + Rsource) whcrC 

= Bias current of device multiplexer is driving 
= Multiplexer leakage current 
- Multiplexer ON resistance 
= Source resistance 



Ih 
Ii 

R,,N 
Ron 

Differential Multiplexer Static Accuracy 

Static accuracy errors in a differential multiplexer are 
difficult to control, especially when it is used for multi- 
plexing low level signals with full scale ranges of 1 Om V to 
lOOmV. 

The matching properties of the multiplexer, source and 
output load play a very important part in determining the 
transfer accuracy of the multiplexer. The source imped- 
ance unbalance, common-mode impedance, load bias 
current mismatch, load differential impedance mismatch, 
and common-mode impedance of the load all contribute 
errors to the multiplexer. The multiplexer ON resistance 
mismatch, leakage current mismatch and ON resistance 
also contribute to differential errors. 
Referring to Figure 2, the effects of these errors can be 
minimized by following the general guidelines described 
in this section, especially for low level multiplexing 
applications. 



RSIA "ONIA 'i^ 



i BIAS A 




FIGURE 2. M PC80C Static Accuracy Equivalent Circuit 
(Differe ial Operation). 



Load (Output Device) Characteristics 

• Use devices with very low bias current. Generally, FET 
input amplifiers should be used for low level signals 
less than 50mV FSR. Low bias current bipolar input 
amplifiers are acceptable for signal ranges higher than 
50mV FSR. Bias current matching will determine the 
input offset. 

• The system DC common-mode rejection (CMR) can 
never be better than the combined CMR of the 
multiplexer and driven load. System CMR will be less 
than the device which has the lower CMR figure. 

• Load impedances, differential and common-mode, 
should be lO^'d or higher. 
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Source Characteristics 

• The source impedance unbalance will produce offset, 
common-mode and channel-to-channel gain scatter 
errors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Keep source impedances as low as possible to minimize 
resistive loading errors. 

• Minimize g round loo ps. If signal lines are shielded, 
ground all shields to a common point at the system 
analog common. 

if the MPCSOO is used for multiplexing high level signals 
of 1 V to lOV full scale ranges, the foregoing precautions 
should still be taken, but the parameters are not as critical 
as tor low level signal applications 

SETTLING TIIVIE 

Settling time is the time required lor the multiplexer to 
reach and maintain an output within a specified error 
band ol its linal \alue in response to a step input I he 
settling time of the MF^CSOO is primarily due to the 
channel capacitance and a combination of resistances 
which include the source and load resistances. 
If the parallel combination ol the source and load 
resistance times the total channel capacitance is kept 
small, then the settling time is primarily affected by 
internal RC\. For the MPCSOO the internal capacitance 



SOURCE- 



-t O- 



ic, M>' 



"SOURCE 




'LOAD 



NODE A 

m — o •■ 




± <<JJ^ 



hOM 



FIGURE 3. Settling Time Effects (Single-ended). 




is approximately 20pF^ differential or40pF" single-ended 
With external capacitance neglected, the time constant of 
source resistance in parallel with load resistance and the 
internal capacitance should be kept less than 40nsec This 
means the source resistance should be kept to less than 
2kli (assume high load resistance) lo niainlain List 
settiinii limes 



ACCESS TIME 

I his IS the time required tor the CMOS EE f to turn ON 
after a new digital code has been applied to the C hannel 
Address inputs. It is measured from the 50 percent point 
of the address input signal to the 90 percent point of the 
analog signal seen at the output tor a lOV signal change 
between channels. 



CROSSTALK 

Crosstalk is the amount of signal feedthrough t rom the 7 
differential or 15 single-ended OFF channels appearing 
at the multiplexer output. Crosstalk is caused by the 
V oltage divider effect of the OFF channel, OFF resistance, 
and junction capacitances in series with the Ron and 
Rsouae impedances of the ON channel. Crosstalk is 
measured witha20V, pk-pk, lOOOHz sine wave applied to 
all OFF channels. The crosstalk for these multiplexers is 
shown in the Typical Performance Curves. 



COIVIIVION-IVIODE REJECTION (DIFFERENTIAL 
IVIODE ONLY) 

The matching properties of the load, multiplexer and 
source affect the common-mode rejection (CMR) 
capability of a differentially multiplexed system. CM R is 
the ability of the multiplexer and input amplifier to reject 
signals that are common to both inputs, and to pass on 
only the signal difference to the output. Protection is 
provided tor common-mode signals ot ±2V above the 
power suppl\ voltages with no damage to the analog 
switches. 

The CM R of the M PC800 and Burr-Brown's model 3630 
Instrumentation Amplifier IS I20dBat DC to lOHzwitha 
6dB/ octave rolloff to SOdBat 1000 Hz. This measurement 
ofCMR is shown in the Typical Performance Curves and 
is made with a Burr-Brown model 3630 instrumentation 
amplifier connected for a gain of 1000 and with source 
unbalance of lOkH, Ikd and no unbalance. 

Factors which will degrade multiplexer and system DC 
CMR are: 



Amplifier bias current and differential impedance 
mismatch. 
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FIGURE 4. Settling and Common-Mode Effects 
(Differential). 
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• Load impedance mismatch. 

• Multiplexer impedance and leakage current mismatch. 

• Load and source common-mode impedance. 

AC CMR rolloff is determined by the amount of 
common-mode capacitances (absolute and mismatch) 
from each signal line to ground. Larger capacitances will 
limit CMR at higher frequencies; thus, if good CMR is 
desired at higher frequencies, the common-mode capac- 
itances and unbalance of signal lines and multiplexer to 
amplifier wiring must be minimized. Use twisted-shielded 
pair signal lines wherever possible. 

INSTALLATION & OPERATING 
INSTRUCTIONS 

The ENABLE input, pin 18, is included for expansion of 
the number of channels on a single-node as illustrated in 
Figures. With the ENABLE line at a logic l,thechannel 
is selected by the Channel Select Address (shown in the 
Truth Tables). If ENABLE is at logic 0, all channels are 
turned OFF, even if the Channel Address Lines are 
active. If the ENABLE line is not to be used, simply tie it 
to logic I . 

For the best settling time, the input wiring and inter- 
connections between multiplexer output and driven 
devices should be kept as short as possible. When driving 
the digital inputs from TTL, open collector output with 
pullup resistors are recommended. 
To preserve common-mode rejection of the M PC800 use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and/ or multiplexer output lines. This will 
help common-mode capacitance balance and reduce 
stray signal pickup. If shields are used, all shields should 
be connected as close as possible to system analog 
common or to the common-mode guard driver. 

LOGIC LEVELS 

The logic level is user-programmable as either TTL- 
compatible by leaving the Vrj r (pin 13) open or CMOS- 
compatible by connecting the Vri i to Vdd (CMOS 
supply voltage). 

16-CHANNEL SINGLE-ENDED OPERATION 

To use the MPC800 as a 16-channel single-ended 
multiplexer, output A (pin 28) is connected to output B 
(pin 2) to form a single output, then all four address lines 
(A(), Ai, A2 and. A3) are used to address the correct 
channel. 

The M PC800 can also be used as a dual 8-channel single- 
ended multiplexer by not connecting output A and B, but 
then only one channel in one of the multiplexers can be 
addressed at a time. 

8-CHANNEL DIFFERENTIAL OPERATION 

To use the MPC800 as an 8-channel differential multi- 
plexer, connect address line A3 to -Vcc then use the 



remaining three address lines (Ao, Ai and A2) to address 
the correct channel. The differential inputs are the pairs 
of Ai and Bi, A2 and B2, etc. 

TRUTH TABLES 

MPC800 used as 16-channel single-ended multiplexer or 
8-channel dual multiplexer. 



USE A3 AS DIGITAL 
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For 16-channel single-ended function, tie "out A" to "out B, for ■ 
dual 8-channel function use the A3 address pin to select between 
MUX A and MUX B, where MUX A is selected with A3 low 
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L 
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CHANNEL EXPANSION 
Single-tier Expansion 

Up to four M PC800's can be connected to a single node 
to form a 64-channel single-ended multiplexer or up to 
eight M PC800's can be connected to two nodes to form a 
64-channel differential multiplexer. Programming is 
accomplished with a six-bit address and a 1 of 4 decoder 
for 64-channel single-ended expansion (see Figure 5) or 
an eight-bit address and a 1 of 8 decoder for 64-channel 
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differential expansion. The decoder drives the enable 
inputs of the MPC800, turning on only one multiplexer 
at a time. 

Two-tier Expansion 

U p to seventeen M PCSOO's can be connected in a two-tier 
structure to form a 256-channel single-ended multiplexer 
(see Figure 6) or up to nine MPCSOO's can be connected 
m a two-tier structure to form a 64-channcl differential 
multiplexer. Programming is accomplished with a 8-bit 
address. 



Single vs Multitiered Channel Expansion 

In addition to reducing programming complexity, two- 
tier configuration offers the added advantages over 
single-node expansion of reduced OFF channel current 
leakage (reduced Offset), better CiMR, and a more 
reliable configuration if a channel should fail in the ON 
condition (short). Should a channel fail ON in the single- 
node configuration, data cannot be taken from any 
channel, whereas only one-channel group is failed (8 or 
16) in the multitiered configuration. 
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BURR-BRO\A/N ^ 

IMMI 



MPC801 




High Speed 
CMOS ANALOG MULTIPLEXER 



FEATURES 

• HIGH SPEED 

SOnsec access time 
SOOnsec settHng to 0.01% 
250nsecsettHngto0.1% 

• USER-PROGRAIVIMABLE 

8-channel single-ended or 
4-channel differential 

• SELECTABLE TTL or CMOS COMPATIBILITY 

• WILL NOT SHORT SIGNAL SOURCES 

Break-before-make switching 

• SELF-CONTAINED WITH INTERNAL 
CHANNEL ADDRESS DECODER 

• 18-PIN HERMETIC DUAL-IN-LINE PACKAGE 



A2 DECODE 





H L 

L H 



L 



"REF 



EN>- 



Ao>- 



Ai>- 
A2> 



DE- 
CODE 



DE- 
CODER 



0^ 







-^IN4A 



DE 
CODER 



0^- 



I 



"n5& 



-<IN4B 



INPUT BUFFER AND DECODERS MULTIPLEXER 
SWITCHES 



DESCRIPTION 

Ihe MPC801 is a high speed multiplexer that is 
user-programmable for 8-channel single-ended oper- 
ation or 4-channel differential operation and for 
T 1 1, or CMOS compatibility. 

The MPC801 features a self-contained binary address 
decoder, it also has an enable line which allows the 
user to inhibit the entire multiplexer thereby fa- 
cilitating channel expansion b\ adding additional 
multiple\er^ 

High quality processing is employed to produce 
CMOS FET analog channel switches which have low 
leakage current, low ON resistance, high OFF 
resistance, low feedthrough capacitance, and fast 
settling time. 

Tuo models are available, the MPC8OIKC1 for 
operation from 0"C to +75T and the MPCSOISG 
for operation from -55"C to +I25"C. 
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SPECIFICATIONS 

ELECTRICAL 

At Ta - +25°C and tVcc = 15VDC unless otherwise noted 



MODEL 


MPC801KG, MPC801SG 


UNITS 


PARAMETER 


MIN 1 TYP 1 MAX 


INPUT 


ANALOG INPUT 


Voltage Range 


-15 




+15 


V 


Maximum Overvoltage 


-Vcc -2 




+Vcc +2 


V 


Number of Input Channels 










Differential 


4 








Single-Ended 


8 








Reference Voltage Ranged) 


6 




10 


V 


ON Characteristics(2) 










ON Resistance i Ron ' at +25^0 




500 


750 


(1 


Over Temperature Range 




700 


1000 


11 


Ron Drift vs Temperature 


See Typical Performance Curves 




Ron Mismatch 




<10 




n 


ON Channel Leakage 




01 




nA 


Over Temperature Range 




03 


50 


nA 


ON Channel Leakage Drift 


See Typical Performance Curves 




OFF Characteristics 










OFF Isolation 




90 




dB 


OFF Channel Input Leakage 




05 




nA 


Over Temperature Range 




06 


50 


nA 


OFF Channel Input Leakage Dnft 


See Typical Performance Curves 




OFF Channel Output Leakage 


01 


nA 


Over Temperature Range 


30 50 


nA 


OFF Channel Output Leakage Drift 


See Typical Performance Curves 




Output Leakage 1 All 










channels disabled lO) 




02 




nA 


Output Leakage with Overvoltage 










+16V Input 




<0 35 




mA 


-16V Input 




<0 65 




mA 


DIGITAL INPUTS | 


Over Temperature Range 










TTL(4) 
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Ial 
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TTL Input Overvoltage 
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6 


V 
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3VREF 


V 


Logic "1" (Vah' 


7 Vref 






V 


CMOS Input Overvoltage 
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+Vcc +2 


V 


Address A2 Overvoltage 


-Vcc -2 




+Vcc ^2 


V 


Digital Input Capacitance 




5 




PF 


Channel Select<5) 










Single-Ended 


3-bit binary code "one of 8 




Differential 


2-bit binary code on of 4 




Enable 


Logic "0" inhibits all channels 




POWER REQUIREMENTS | 


Over Temperature Range 










Rated Supply Voltage 




±15 




V 


Maximum Voltage Between Supply Pins 






33 


V 


Total Power Dissipation 




360 




mW 


Allowable Total Power Dissipation(6) 






725 


mW 


Supply Dram +25°C 










At 1MHz Switching Speed 




+14,-12 5 




mA 


At 100kHz Switching Speed 




+ 125,-125 




mA 


DYNAMIC CHARACTERISTICS | 


Gam Error 


1 < 0003 1 


% 


Cross Talk(7) 


See Typical Performance Curves 




ToPEN Break before make delay 




20 




nsec 


Access Time at 25°C 




80 


125 


nsec 


Over Temperature Range 




110 


150 


nsec 


Settling Time(8) 










to0 1%>20mV 




250 




nsec 


to 01% 2mV 




800 




nsec 


Common-Mode Rejection Differential 










DC 




>125 




dB 


60Hz 




>75 




dB 


OFF Channel Input Capacitance, Cs off 




1 9 




pF 


OFF Channel Output Capacitance Co off 




10 




pF 


OFF Input to Output Capacitance, Cos off 




0#2 , 




pF 



MECHANICAL 



(TOP VIEW) 
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PIN CONFIGURATION 



+Vcc 

OUTB 

IN8/4B 

IN7/3B 

IN6/2B 

IN5/1B 

GND 

Vref 

A2! 



f 1 18 " 


\ 2 17 ' 


"3 16 ~ 


[. ,s] 


"5 14 " 


' 6 13 " 


7 12 ' 


' 8 11 ' 


^9 10 ^ 



OUT A 
]-Vcc 
IN4/4A 
IN3/3A 
IN2/2A 
IN1/1A 
ENABLE 
Ao 



0) 
EC 
UJ 
X 

UJ 

-i 

I- 
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o 
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ELECTRICAL (CONT) 



MODEL 


MCP801KG,MPC801SG 


UNITS 


PARAMETER 


MIN 1 TYP 1 MAX 


TEMPERATURE 




MPC801KG 










Specification 







+75 


°C 


Storage 


-65 




+150 


°c 


MPC801SG 










Specification 


-55 




+125 


°c 


Storage 


-65 




+150 


°c 



NOTES 

1 Reference voltage controls noise immunity normally left oper. *o' 
TTL compatibility and connected to Vdt to' CMOS compatibility 

2 ViN -lOV IQUT 1G0/uA 

3 Single-ended mode 

4 Logic levels specified for Vref > pm 8 open 

5 For single-ended operation connect output A pin 18 to output, B 

pin 2 and use A2 pin 9 as an address line For differential operatu 
connect A2 to -V^ c 

6 Derate 8m W/°C above Ta-= -75° C 

7 10V p-p sine wave on all unused cnanneis See Typical Performaut 
Curves 

8 ror20\/ step input to ON channel, into 1kl> load 



TYPICAL PERFORMANCE CURVES 



CROSS TALK VS SIGNAL FREQUENCY 



LEAKAGE CURRENTS 
VS TEMPERATURE 




10k 100k 1M 10M 
Signal Frequency Hz 



COMBINED CMR VS FREQUENCY 
FOR MODEL 3630 AND MPC801 
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SETTLING TIME VS SOURCE RESIS- 
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DISCUSSION OF 
PERFORMANCE 

STATIC TRANSFER ACCURACY 

I he static or DC transfer accuracy of transmitting the 
nuiltiplcxer input voltage to the output depends on the 
channel ON resistance (Ron), the load impedance, the 
source impedance, the load bias current, and the 
multiplexer leakage current. 

Single-Ended Multiplexer Static Accuracy 

The major contributors to static transter accuracy for 
single-ended multiplexers are: 

Source resistance loading error 

Multiplexer ON resistance error 

DC offset error caused by both load bias current and 
multiplexer leakage current. 
R[-SIST1VE LOADING ERRORS 
I he source and load impedances will determine the ON 
resistance loading errors. I o minimi/c these errors: 

• Keep loading impedance as high as possible. This 
minimizes the resistive loading effects of the source 
resistance and multiplexer ON resistance. As a guide- 
line, load impedances of lO^H or greater will keep 
resistive loading errors to 0.002% or less for lOOOil 
source impedances. A lO^H load impedance will 
increase source loading error to 0.2% or more. 

• Use sources with impedances as low as possible. A 
1000(1 source resistance will present less than 0.002' r 
loading error and lOkfl source resistance will increase 
source loading error 0.02'^r with a 10*^11 load 
impedance. 

Input resistive loading errors are determined by the 
following relationship (see Figure 1): 

Source and Multiplexer Resistive Loading Error 



e(Rs+ R()n) = 



Rs + Ro" 



Rs + Ron + Ri 



X 100% where 



Rs - Rv.uac 

Ri = Load resistance 
Ron = Multiplexer ON resistance. 

Input Offset Voltage 

Bias and leakage currents generate an input Offset 
voltage as a result of the Ik drop across the multiplexer 
ON resistance and source resistance. A load bias current 
of lOnA. a leakage current of InA. and an ON resistance 
of 700(1 will generate an offset voltage ot 19/iV if a 
1000(1 source is used, and 1 18aiV if a lOkll is used. In 
general, ior the MPC80I the Offset voltage at the output 
is determined by: 

Vo, rsi 1 = (Ib + h )(R()N + Rsourcc) where 
Ih ,= Bias Current of device multiplexer is driving 
1 1 = Multiplexer leakage current 

Ron = Multiplexer ON resistance 
Rmmu^o =" Source resistance. 



Differential Multiplexer Static Accuracy 

Static accuracy errors in a differential multiplexer are 
difficult to control, especially when it is used for multi- 
plexing low level signals with full scale ranges of lOmV to 
lOOmV. 

The matching properties of the multiplexer, source and 
output load play a very important part in determining the 
transfer accuracy of the multiplexer. I he source im- 
pedance unbalance, common-mode impedance, load bias 
current mismatch, load differential impedance mismatch, 
and common-mode impedance of the load all contribute 
errors to the multiplexer. I he multiplexer ON resistance 
mismatch, leakage current mismatch and ON resistance 
also contribute to differential errors. 
Referring to Eiguie 2. the effects of these errors can be 
minimi/ed by following the general guidelines described 
m this section, especially for low level multiplexing 
applications. 

Load (Output Device) Characteristics 

• Usedevices with very low bias current. Generally. FEI 
input amplifiers should be used for low level signals 
less than 50mV FSR. Low bias current bipolar input 
amplifiers are acceptable for signal ranges higher than 
50mV FSR. Bias current matching will determine the 
input offset. 

• The system DC common-mode rejection (CMR) can 
never be better than the combined CMR of the 
multiplexer and driven load. System CMR will be less 
than the device which has the lower CMR figure. 

• Load impedances, differential and common-mode , 
should be 10'"(1 or higher. 




IBtAS 



IZLOAO"' 



I MEASURED 
I VOLTAGE 



•CC8-=t 



FIGURE I. MPC80I Static Accuracy Equivalent Circuit 
(Single-ended Operation). 
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FIGURE2. MPC80I Static Accuracy Equivalent Circuit 
(Differential Operation). 
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Source Characteristics 

• The source impedance unbalance will produce offset, 
common-mode and channel-to-channel gain scatter 
errors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Keep source impedances as low as possible to minimize 
resistive loading errors. 

• Minimize ground loops. If signal lines are shielded, 
ground all shields to a common point at the system 
analog common. 

If the MPC801 IS used lor multiplexmg high level signals 
of IV to lOV full scale ranges, the foregoing precautions 
should still be taken, but the parameters are not as critical 
as for low level signal applications 
SETTLING TIIVIE 

Settling time is the time required for the multiplexer to 
reach and maintain an output within a specilied error 
band of its final value in response to a step input. The 
settling time of the MPC801 is primarily due to the 
channel capacitance and a combination of resistances 
which include the source and load resistances. 
If the parallel combination of the source and load 
resistance times the total channel capacitance is kept 
small, then the settling time is primarily affected by 
internal RC\. For the MPC801 the internal capacitance 
IS approximately lOpF differential or 20pF single-ended. 



With external capacitance neglected, the time constant of 
source resistance in parallel with load resistance and the 
internal capacitance should be kept less than 40nsec. This 
means the source resistance should be kept to less than 
4k(l (assume high load resistance) to maintain fast 
settling times. 

ACCESS TIME 

This is the time required for the CMOS I- FT to turn ON 
after a new digital code has been applied to the Channel 
Address inputs. It is measured from the 50 percent point 
of the address input signal to the 90 percent point of the 
analog signal seen at the output for a lOV signal change 
between channels. 



CROSSTALK 

Crosstalk is the amount of sigpil teedthrough from the 3 
differential or 7 single-ended OFF channels appearing at 
the multiplexer output. Crosstalk is caused by the voltage 
divider effect of the OFF channel, OFF resistance, 
and junction capacitances in series with the Ron and 
Rsource impedances of the ON channel. Crosstalk is 
measured with a 20V, pk-pk, lOOOHz sine wave applied to 
all OFF channels. The crosstalk for these multiplexers is 
shown in the Typical Performance Curves. 



SOURCE - 



'^SOURCE 




FIGURE 3 Setthng Time Effects (Single-ended). 



COMIVION-MODE REJECTION (DIFFERENTIAL 
MODE ONLY) 

The matching properties of the load, multiplexer and 
source affect the common-mode rejection (CMR) 
capability of a differentially multiplexed system. CMR is 
theability of the multiplexer and input amplifier to reject 
signals that are common to both inputs, and to pass on 
only the signal difference to the output. Protection is 
provided for common-mode signals of ±2V above the 
power suppK voltages with no damage to the analog 
switches. 




FIGURE 4. Settling and Common- Mode Effects 
(Differential). 



The CMR of the M PC80 1 and Burr-Brown's model 3630 
Instrumentation Amplifier is 120dBatDCto lOHzwitha 
6dB/ octave rollofftoSOdB at lOOOHz. This measurement 
of CM R is shown in the Typical Performance Curves and 
is made with a Burr-Brown model 3630 instrumentation 
amplifier connected for a gain of 1000 and with source 
unbalance of lOkO, Ikfl and no unbalance. 

Factors which will degrade multiplexer and system DC 
CMR are: 

• Amplifier bias current and differential impedance 
mismatch. 

• Load impedance mismatch. 

• Multiplexer impedance and leakage current mismatch. 
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• Load and source common-mode impedance. 
AC CMR rolloff is determined by the amount of 
common-mode capacitances (absolute and mismatch) 
trom each signal line to ground. Larger capacitances will 
limit CMR at higher frequencies; thus, if good CMR is 
desired at higher Irequencies, the common-mode capac- 
itances and unbalance ot signal lines and multiplexer to 
amplifier u iring must be minimized. Use twisted-shielded 
pair signal lines wherever possible. 

INSTALLATION & OPERATING 
INSTRUCTIONS 

rhe ENABLE input, pin 12, is included for expansion of 
the number of channels on a single-node as illustrated in 
Figure 5 With the ENABLE line at a logic 1, the channel 
is selected by the Channel Select Address (shown in the 
Truth Tables) If ENABLE is at logic 0, all channels are 
turned OLE, even if the Channel Address Lines are 
active. If the ENABLE line is not to be used, simply tie it 
to logic 1 

For the best settling time, the input wiring and inter- 
connections between multiplexer output and driven 
devices should be kept as short as possible. When driving 
the digital inputs from TTL, open collector output with 
pullup resistors are recommended. 
To preserve common-mode rejection of the MPC801 use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and or multiplexer output lines. This will 
help common-mode capacitance balance and reduce 
stray signal pickup. If shields are used, all shields should 
be connected as close as possible to system analog 
common or to the common-mode guard driver. 

LOGIC LEVELS 

The logic level is user-programmable as either TTL- 
compatible by leaving the Vri i (pin 8) open or CMOS- 
compatible by connecting the Vri i to Vdd (CMOS 
supply voltage). 

8-CHANNEL SINGLE-ENDED OPERATION 

To use the MPC801 as an 8-channel single-ended multi- 
plexer, output A (pin 18) is connected to output B(pin2) 
to form a single output, then all three address lines (Ao, 
Ai, and A2) are used to address the correct channel. 
The MPC801 can also be used as a dual channel single- 
ended multiplexer by not connecting output A and B, but 
then only one channel in one of the multiplexers can be 
addressed at a time. 

4-CHANNEL DIFFERENTIAL OPERATION 

To use the MPC801 as an 4-channel differential multi- 
plexer, connect address line A2 to -Vcc then use the 
remaining two address lines (Ao and Ai) to address the 
correct channel. The differential inputs are the pairs of Ai 
and Bi, A2 and B2, etc. 



TRUTH TABLES 

MPC801 used as 8-channel single-ended multiplexer or 
4-channel dual multiplexer. 



USE A2 AS DIGITAL 
ADDRESS INPUT 


"ON" CHANNEL TO 


ENABLE 


A2 


Al 


Ao 


OUT A 


OUTB 


L 


X 


x 


x 


NONE 


NONE 


H 


L 


L 


L 


1A 


NONE 


H 


L 


L 


H 


2A 


NONE 


H 


L 


H 


L 


3A 


NONE 


H 


L 


H 


H 


4A 


NONE 


H 


H 


L 


L 


NONE 


IB 


H 


H 


L 


H 


NONE 


2B 


H 


H 


H 


L 


NONE 


3B 


H 


H 


H 


H 


NONE 


4B 


For 8-channel single-ended function, tie "out A" to "out B , for 
dual 4-channel function use the A2 address pin to select between 
MUX A and MUX B, where MUX A is selected with A2 low 



M PC 80 1 used as 4-channel differential multiplexer. 



Ag CONNECT TO 


-Vcc 


"ON" CHANNEL TO 


ENABLE 


Ai 


Ao 


OUT A 


OUTB 


L 


x 


x 


NONE 


NONE 


H 


L 


L 


1A 


IB 


H 


L 


H 


2A 


2B 


H 


H 


L 


3A 


3B 


H 


H 


H 


4A 


4B 



CHANNEL EXPANSION 

Single-tier Expansion 

I ' p to eight M PC80 1 \ can be connected to a single node 
to form a 64-channel single-ended multiplexer or up to 
eight MPC80rscan be connected to two nodes to form a 
32-channel differential multiplexer. Programming is 
accomplished with a 6-bit address and a 1 of 8 decoder 
(Figure 5). The decoder drives the enable inputs of the 
M PC80 1 , turning on only one multiplexer at a time. 

Two-tier Expansion 

Up to nine MPC80rs can be connected in a two-tier 
structure to form a 64-channel single-ended multiplexer 
( Figure 6) or up to five M PC80 1 's can be connected in a 
two-tier structure to form a 16-channel differential 
multiplexer. Programming is accomplished with a 6-bit 
address. 

SINGLE VS l\/IULTITIERED CHANNEL EXPANSION 

In addition to reducing programming complexity, two- 
tier configuration offers the added advantages over 
single-node expansion of reduced OFF channel current 
leakage (reduced Offset), better CMR, and a more 
reliable configuration if a channel should fail in the ON 
condition (short). Should a channel fail ON in the single- 
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node configuration, data cannot be taken from any 
channel, whereas only one channel group is failed (4 or 8) 
in the multitiered configuration. 



6-BIT CHANNEL 
ADDRESS GENERATOR 





Tr 


0-- 

a - 

a - 

0-- 


INt Aq a, A2 

IN2 

INS MPC801 

ENABLE 

OUT A 

IN8 OUT B 



:l 



INI Aq Ai A2 

IN2 

INS MPC801 

ENABLE 

OUT A 

IN8 OUT B 



rr 



WW 



lofB 
DECODER 



_T 



MULTIPLEXER 

- -O 
OUTPUT 



i 



i f 



TO MULTIPLEXERS 3 - 8 



6-BIT CHANNEL 
ADDRESS GENERATOR 



{O- 



IN1 Aq A^ A2 

IN2 

INS MPC801 

ENABLE 
OUT A 



INS 



OUT( 



INI AqA^A2 
0-1 IN2 
OilNS MPC801 

ENABLE 
OUT A 



^O- IN8 



OUTB 



i;M 




T0MULTIPLEXERS3-8 



FKiTRr 6. 64-channcl. Two-Tier, Single-Fnded 
Expansion. 



F-Kil'Rl 5 64-C'hanncl. Single- her. Singlc-I ndod 
Fxpansion 
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SAMPLE /HOLD AMPLIFIERS 



Sample/hold amplifiers are a key part of the complete data acquisition 
solution. For any application requiring use of a sample/hold amplifier, con- 
sider the variety of products listed in the following Selection Guides. 
Products range from the SHC298, a low cost solution for your medium- 
speed 12-bit system, to the SHC600, a high-speed sample/hold optimized for 
high-bandwidth requirements. 

Use of a carefully selected sample/hold can increase the sampling bandwidth 
of an analog-to-digital converter by up to four orders of magnitude, while 
insuring that an accurate value of the signal is captured at a specific point in 
time. In many applications not viewed as requiring high bandwidth data 
acquisition, optimum performance and cost may still be achieved by using 
combinations of very high speed multiplexers, sample/holds, and analog-to- 
digital converters. 
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SAMPLE / HOLD AMPLIFIERS 
SELECTION GUIDES 

The Selection Guides show parameters for the high grade. Refer to the 
Product Data Sheet for a full selection of grades. Models shown in boldface 
are new products introduced since publication of the previous Burr-Brown IC 
Data Book. 



SAMPLE/HOLD AMPLIFIERS 














Boldface 


isNEW 


Description 


Model 


Gain 
Error 

(%) 


Offset 
Error 
(mV) 


Charge 
Offset 
(mV) 


Acq Droop 

Time Rate 

(lis max) (^iV/ms) 


Temp 
Range<^) 


Pkg<2) 


Q, Bl(3) 
Screen 


Page 


Fast, 

High Accuracy 


SHC76 


±0.02 


±3 


±6typ 


3 


1 


Ind, Com, Mil 


HMD 


— 


8-3 


Fast, 
Industry Std 


SHC85 


±0.01 


±2 


±2 max 


4.5 


125 


Com, Mil 


HMD 


Q 


8-7 


Low Cost, Fast 
Industry Std 


SHC5320 


NA 


±0.5 


±1typ 


1.5 


0.5 


Com, Mil 


HCD 


Bl 


8-32 



Lowest Cost SHC298 ±0.01 ±7 ±25 max 

Industry Std 



10 100 Com, Ind PDIP, Bl 

MC, SOIC 
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HIGH-SPEED SAMPLE/KOLD AMPLIFIERS 












Boldface = NEW 


Description 


Gain 
Error 
Model (%) 


Offset 

Error 

(mV) 


AmplBW Acq 
-3dB, Time 
(MHz) (jis max) 


Droop 
Rate 

(M.V/[is) 


Temp 
Range<i) 




Pkg(2) 


Q(3) 

Screen 


Page 


High Speed 
with Buffer 


SHC803 ±0.1 


±3 


16 


0.35 


±5 


Ind 


20 


HDIP 


Q 


8-26 


High Speed 


$HC804 ±0.1 


±3 


16 


0.35 


±5 


Ind 


20 


HDIP 


Q 


8-26 


Ultra-High 
Speed 


SHC600 ±0.1 
SHC601 ±2 


±5 
±50 


70 
100 


0.05 
0.022 


±180 
±100 


Ind 
Ind 


2.5 
2.5 


CDIP 
CDIP 


Q 
Q 


8-18 
8-22 


Very High 
Accuracy, 
Fast 


SHC702 ±0,1 


±3 


3 


0.8 


±2 


Ind 


20 


24-pDIP — 


9.2-118 



NOTES: (1 ) Temperature Range: Com = 0°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to +125°C. (2) MC = Metal Can, PDIP 
= Plastic DIP, HCD = Hermetic Ceramic DIP, CD = Ceramic DIP, HMD = Hermetic Metal DIP, SOIC = Surface Mount Package. (3) 
Q indicates optional reliability screening is available for this model. Bl indicates that an optional 1 60 hour burn-in is available for the 
model. 
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BURR -BROWN 





SHC76 



SAMPLE/HOLD AMPLIFIER 



FEATURES 

• FAST (6//S max) ACQUISITION TIME |14-blt| 

• APERTURE JITTER 400ps 

• TYPICAL POWER DISSIPATION LESS THAN 250mW 

• COMPATIBLE WITH HIGH RESOLUTION A/D 
CONVERTERS ADC76. PCM75, AND ADC71 



DESCRIPTION 

The SHC76 is a fast, high-accuracy hybrid sample/ - 
hold circuit suitable for use in high-resolution data 
acquisition systems. 

The SHC76 is complete with internal hold capacitor 
and incorporates an internal compensation network 
which minimizes sample-to-hold charge offset. The 
SHC76 is configured as a unity-gain inverter. 
High-resolution converters such as the ADC76 and 
ADC71 are compatible with SHC76 in forming 
complete, 14-bit accurate analog-to-digital conversion 
systems. 

The SHC76 comes in a 14-pin single-wide hermetic 
metal DIP. Power supply requirements are specified 
from ±14.5 V to ±15. 5V with guaranteed operation 
from ±1I.4V to ±18V. Input voltage range is ±10V. 
The SHC76 is available in two temperature ranges: 
KM, for 0°C to +70°C; and BM, for -25°C to 
±85°C operation. 



Analog q_ 
Input 



S/H 
Digital O- 
Input 




^^ Analog 
"O Output 
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SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS'' 



ELECTRICAL 

Typical at +25''C and nominal power supply voltage of ±15\/ unless 
otherwise noted 



MODEL 


SHC78KM/BM 


UNITS 


PARAMETER 


MIN 


TYP 


MAX 


ANALOG INPUT 










Voltage Range 


±10 






V 


Overvoltage, no damage 






±15 


V 


Impedance 




3000 







DIGITAL INPUT 










(TTL-Compatible) 










Track Mode, Logic "1" 


20 




5.5 


V 


Hold Mode, Logic "0" 







0.8 


V 


liH, ViH = 2 4V 






400 


/uA 


l,L, V,L = 4V 






1000 


/iA 


ANALOG OUTPUT 










Voltage 




±10 




V 


Current 




5 




mA 


Short-Circuit Current 




20 




mA 


Impedance 




1 







DC ACCURACY/STABILITY 










Gam 




-1.00 




V/V 


Gam Error 




±0 01 


±0 02 


% 


Gam Nonlinearity 










(±10V Output Track) 




±0 001 




% 


Gam Temperature Coefficient 




1 


5 


ppm/^'C 


Offset Voltage'" 






±3 


mV 


Output Offset at Twin, Tmax 










(Track) 




±6 




mV 


TRACK MODE DYNAMICS 










Frequency Response 










Small Signal (-3dB) 




1.5 




MHz 


Full Power Bandwidth 




0.5 




MHz 


Slew Rate 




30 




V///S 


Noise in Track Mode 










(DC to 1 OMHz) 




200 




//V rms 


TRACK-TO-HOLD 










SWITCHING 










Aperture Time 




30 




ns 


Aperture Uncertainty (Jitter) 




0.4 




ns 


Offset Step (Pedestal) 




±2 


±4 


mV 


Pedestal at Temp 










KM grade 




±4 




mV 


BM grade 




±6 




mV 


Switching Transient 










Amplitude 




200 




mV 


Settling to 1mV 




0.5 


2 


us 


Settling to 0.3mV 




1.0 


3 


fJS 


HOLD MODE DYNAMICS 










Droop Rate 




0.1 


10 


A/V/A/s 


Droop Rate at Tmax 






100 


A/V//US 


Feedthrough Rejection 










(10V p-p. 20kHz) 


74 


86 




dB 


HOLD-TO-TRACK DYNAMICS 










Acquisition Time 










To ±0 01% of 20V 




1.5 


3.0 


fiS 


To ±0 003% of 20V 




4.0 


6.0 


/JS 


POWER REQUIREMENTS 










Nominal Voltages for Rated 










Performance 


±14 5 


±15 


±15.5 


V 


Operating Range'^' 


±114 




±18.0 


V 


Power Supply Rejection 




100 




/iV/V 


Supply Current. +Vs 




15 


20 


mA 


-Vs 




-4 


-10 


mA 


Power Dissipation 




300 


500 


mW 


TEMPERATURE RANGE 










Operating KM grade 







+70 


X 


BM grade 


-25 




+85 


X 


Storage 


-55 




+125 


X 



Voltage Between +Vcc and -Vcc Terminals . 


40V 


Input Voltage 


Actual Supply Voltage 


Differential Input Voltage 


±24V 


Digital Input Voltage 


. . . -0 5V to +5.5V 


Output Current, continuous'^' . . 


±20mA 


Internal Power Dissipation 


. 450mW 


Storage Temperature Range ..... 


. -65X < Ta < +150''C 


Output Short-Circuit Duration'^' 


Momentary to Common 


Lead Temperature (soldering, 10 seconds) 


300°C 


CAUTION These devices are sensitive to electrostatic discharge 


Appropriate 1 C handling procedures should be followed. 



NOTES (1) Absolute maximum ratings are limiting values, applied indi- 
vidually, beyond which the serviceability of the circuit may be impaired 
Functional operation under any of these conditions is not necessarily 
implied (2) Internal power dissipation may limit output current to less 
than +20mA (3) WARNING: This device cannot withstand even a 
momentary short circuit to either supply. 

PIN ASSIGNMENTS 



Pin 


Description 


Pin 


Description 


1 
2 
3 
4. 
5 
6 
7 


Digital Input 
No Connection 
No Connection 
Digital Ground 
No Connection 
Analog Ground 
Offset Adjust 


8 
9 
10 
11 
12 
13 
14 


Analog Output 
Offset Adjust 
No Connection 
+15V Supply 
Summing Junction 
Analog Input 
-15V Supply 



MECHANICAL 




NOTE: Leads in true position 
within 0.10" (0.25mm) R 
at MMC at seating plane. 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


860 


880 


21 84 


22 35 


B 


490 


510 


12 45 


12 95 


C 


170 


250 


4 32 


6 3b 





016 


021 


041 


53 


G 


100 BASIC 


2 54 BASIC 1 


H 


115 


155 


2 92 


3 94 


K 


150 


300 


381 


7 62 


L 


300 BASIC 


7 62 BASIC 


R 


080 1 120 


2 03 1 3 Ob 



-^\ Pin numbers shown for reference only 
Numbers are not marked on package 



NOTES (1) Adjustable to zero with external circuit. (2) Operating to derated 
performance with Vin < Vs - 5V 
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MECHANICAL 



Sample/Hold Digital Input f^ 
NC Q 



Digital Common 



NC 



Analog Common 



Offset Adjust 



Logic 
Control 




-15V Supply 



Analog Input 



Summing Junction 



+15V Supply 



Offset Adjust - 



Analog Output 



- 



lOkO >^-15V 



DISCUSSION OF 
SPECIFICATIONS 

THROUGHPUT NONLINEARITY 

Defined as total Hold mode, nonadjustable, input to 
output error caused by charge offset, gain nonlinearity, 
droop, feedthrough, and thermal transients. It is the 
inaccuracy due to these errors which cannot be corrected 
by Offset and Gain adjustments. 

GAIN ERROR 

The difference between the input and output voltage 
magnitude (in the Sample mode) due to the amplifier 
gain errors. 

DROOP RATE 

The voltage decay at the output when in the Hold mode 
due to storage capacitor and FET switch leakage current 
and the input bias current of the output ajtnplifier. 

FEEDTHROUGH 

The amount of output voltage change caused by an input 
voltage change when the sample/ hold is in the Hold mode. 

APERTURE DELAY TIME 

The time required to switch from Sample to Hold. The 
time is measured from the 50% point of the Hold mode 
control transisition to the time at which the output stops 
tracking the input. 

APERTURE UNCERTAINTY TIME 

The nonrepeatibility of aperture delay time. 



ACQUISITION TIME 

The time required for the sample/ hold output to settle 
within a given error band of its final value when the 
sample/ hold is switched from Hold to Sample. 

CHARGE OFFSET (PEDESTAL) 

The output voltage change that results from charge 
coupled into the Hold capacitor through the gate capaci- 
tance of the switching field effect transistor. This charge 
appears as an offset at the output. 

SAMPLE-TO-HOLD SWITCHING TRANSIENT 

The switching transient which appears on the output 
when the sample/ hold is switched from Sample to Hold. 
Both the magnitude and the settling time of the transient 
are specified. 



O 

X 



/,Sample-to-Hold 
Transient 




FIGURE 1. Definition of Acquisition Time, Droop and 
Sample-to-Hold Transient. 
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SAMPLED DATA ACQUISITION SYSTEM 
CALCULATIONS 

The rated accuracy of an A/ D converter in combination 
with the aperture uncertainty of a sample/ hold determine 
the maximum theoretical input slew rate (frequency) of a 
given sampled data system. 

Sine Wave fwAx = (2"'^ FSR) -^ (2 TT A t) 
A = max Input Signal Amplitude (peak-to-peak) 
FSR = Full-Scale Range of A/D Converter 
t = Aperture Uncertainty of S/ H (jitter) 
N = Number of Bits Accuracy 
Given below are the maximum input frequencies of two 
A/D converters in conjunction with the SHC76: 
SHC76 13-bit Sine Wave fwAx = 

(0.000122 X 20V) ^ (2 X TT X 20V X 0.4ns) 

= 48.6kHz 
SHC76 14-bit Sine Wave fMAx = 

(0.000061 X 20V) ^ (2 X TT X 20V X 0.4ns) 

= 24.3kHz 

The maximum throughput rate is determined by adding 
all critical conversion process times together. Throughput 
rate cannot exceed the maximum input frequency deter- 
mined by the accuracy and jitter specs without degrading 
system performance. Two samples per period of a sine 
wave are required to satisfy the Nyquist sampling theorem. 
A low-pass filter is required to cut off frequencies higher 
than the maximum throughput frequency to prevent 
aliasing errors from occurring. 

Throughput fMAx (2 samples) = 

1 -^ [2 (S/H acquisition time + 

S/H settling time + A/D conversion time)] 
Table I is a listing of various A/D throughput rates using 
the SHC76 S/H amplifier (assuming two samples per 
period). 

TABLE L A/ D Converter Throughput Rates. 



Converter 


Accuracy 

(Bits) 


Conversion 
Speed Gus) 


Resolution 

(Bits) 


Throughput 

Imax (kHz) 


ADC76KG 


14 
14 
14 


17 
16 
15 


16 
15 
14 


192 
20 
20.8 


ADC76JG 


13 
13 
13 


17 
16 
15 


16 
15 
14 


23 8 
25.0 
26 3 


ADC71KG 


14 
14 
14 


57 
54 
50 


16 
15 
14 


7 58 

7 94 

8 47 


ADC71JG 


13 
13 
13 


57 
54 
50 


16 
15 
14 ' 


8 20 
8.62 

9 26 



APPLICATIONS 

Figures 2 and 3 show the SHC76 in combination with an 
ADC76 and ADC71 to provide 14-bit accurate A/D 
conversion systems. 



Analog 
Input 

-10V to 
+10V 



+ |io//fI + [_ 

F Ji» -ip «ii»1l 



10/uF ^ :*: :ii10yuF 



Convert 
Status 
O 




+10V to -10V 




FIGURE 2. A 20kHz A/D Conversion System (14-bit 
accurate). 



Analog 
Input 

-10V to 
+10V 
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Convert 
Status 
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+10V to -10V 




FIGURE 3. An 8.47kHz A/D Conversion System 
(14-bit accurate). 
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BURR -BROWN® 







SHC85 
SHC85ET 



Fast IC 
SAMPLE/HOLD AMPLIFIERS 



FEATURES 

• 14-PIN DIP PACKAGE 

• 5/KSec ACQUISITION TIME 

• COMPLETE WITH HOLDING CAPACITOR 

• ±0.01% ACCURACY 

• -55°C TO +125°C TEMPERATURE RANGE (SHCSSET) 



DESCRIPTION 



in 

00 

O 

X 



r ~ 
t 

! Offset ! 
Adjust 



N/C 



_0__O___O_D_O_. 




N/C N/C 



N/C 



o>- 



"0'^'0""0""0""0"' 



Analog -15VDC Mode Analog 
In Control Common 



N/C 



ExtC 



Output 



The SHC85 is designed to acquire and hold up to 
±10VDC analog signals to an accuracy of ±0.01% of 
full scale range in S/itsec for a 20 -volt step or 
4.5/usec for a lOVDC step. Featuring internally 
compensated circuits normally found only in more 
expensive and larger sample/ holds, the SHC85 
offers ultra-liner performance and fast acquisition 
speeds for the most demanding data acquisition and 
control applications. 

Two models are available: the SHC85 is specified for 
0°C to 70°C operation, and the SHCSSET is specified 
for -55°C to +125°C operation. 
The SHC85/SHC85ET are well suited for use in: 

Data Acquisition Systems 

Data Distribution Systems 

Analog Delay Circuits 

Pulse Amplitude Modulation Circuits 

Waveform Amplitude Measurement 
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SPECIFICATIONS 



Typical at 25°C with rated supply and a lOOOpF internal capacitor unless otherwise noted 



ELECTRICAL | 


MODELS 


SHC8S 


SCH85ET 


UNITS 1 


INPUT 


ANALOG INPUT 


Voltage Range 


±10 


±10 


V 


Maximum Safe Input Signal 


±15 


±15 


V 


Resistance 


108 


108 


n 


Bias Current 


50 


50 


nA 


DIGITAL INPUT (TTL Compatible > | 


Mode Control 


Voltage 


Current 




"Sample" - Logic "1" 


+2 OV < e < +8V 


50nA 




"Hold" - Logic "0" 


OV < e < +0.8V 


-50mA 




TRANSFER CHARACTERISTICS 


ACCURACY (25°C) 


Dynamic Nonlineanty, max 


±0.01 


±0 01 


% of 20V 


At mm "Hold" Time 


1000 


1000 


Atsec 


Gam 


+10 


+10 


V/V 


Gam Error 


±0 01 


±0 01 


% of 20V 


Throughput Offset, max (adjust to zeroi 


2 


2 


mV 


Droop Rate, max 


05 


05 


mV/msec 


Droop Rate, typical 


125 


125 


mV/msec 


Throughput Nonlineanty 


±0.005 


±0 005 


% of 20V 


Noise, rms dOHz to 100kHz i 


100 


100 


)uV 


Supply Rejection lO to 50kHz i 


100 


100 


AtV/V 


ACCURACY DRIFT | 


Gain Drift 


±2 


±2 


ppm of 20V/OC 


Offset Drift 


±25 


±25 


/xV/^C 


Droop Rate 








At 70°C, max 


10 


10 


mV/msec 


At +125°C, max 


-- 


200 


mV/msec 


DYNAMIC CHARACTERISTICS | 


Bandwidth (Full Powend) 


200 


200 


kHz 


Output Slew Rate 


20 


20 


V/Msec 


Aperture Time 


30 


30 


nsec 


Acquisition Time (to ±0.01%) 








10V Step, max 


45 


4.5 


/isec 


20V Step, max 


5.0 


50 


Msec 


Feedthrough in Hold Mode 


±0 005 


±0 005 


% of step change 


Charge Offset, max, at OV Input 


±2 


±2 


mV 


Sample-to-Hold Transient 








Peak Amplitude 


50 


50 


mV 


Settling to 1 mV 


05 


05 


Msec 


OUTPUT 


ANALOG OUTPUT 


Voltage Range 


±10 


±10 


V 


Current Range 


±10 


±10 


mA 


Impedance 


01 


01 


(1 


TEMPERATURE | 


Specification 


to +70 


-55 to +125 


°C 


Storage 


-55 to +125 


-55 to +125 


°C 


POWER SUPPLY 1 


Rated Voltage 


±15 


±15 


VDC 


Range 


±14.5 to ±15.5 


±14.5 to ±15.5 


VDC 


Current 


±13 


±13 


mA 



MECHANICAL 



NOTE- 
Leads in true 
position within 
.010" (.25mm) 
R @MMC at 




1~* 




m H 






_ 


• o o o eo e ^ 




L„ 


^,- 


.„==.) 



Pin numbers shown 
for reference only. 
Numbers may not be 
marked on package. 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


860 


880 


21 84 


22 35 


B 


490 


510 


12 45 


12 95 


c 


170 


250 


4 32 


6 35 


D 


016 


021 


41 


53 


G 


100 BASIC 


2 54 BASIC 1 


H 


115 


155 


2 92 


3 94 


K 


150 


300 


3 81 


7 62 


L 


300 BASIC 


7 62 BASIC 


R 


080 1 120 


2 03 1 3 05 



Case Kovar 

Pin material and plating composition conform to 
method 2003 solderability of MIL-STD-883 except 
paragraph 3 2' Mating Connector 0145MC 



CONNECTION DIAGRAM 



(TOP VIEW) 




OjiQjlQjl 



N/C N/C N/C N/C 



Compensation 
Circuit 




(3>- 



'O 



Analog -ISV Mode Analog N/C Ext Output 
In Control Common C 



Optional External C 

NOTE: Pins 5, 8, 9, 10 and 11 are not 
internally connected. 



NOTE 

1. Small signal bandwidth is 3MHz 
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DEFINITION OF SPECIFICATIONS 



DYNAMIC NONLINEARITY 

This IS the total nonadjustable input to output error. This 

specification includes throughput nonlineanty and errors 

due to droop, thermal transients and feedthrough, in 

short, all errors that cannot be adjusted to zero for a lOV 

input change after a 5/isec acquisition time and a I msec 

hold time. Offset errors must be adjusted to zero by the 

offset control and gain errors must be adjusted to zero by 

a gain adjustment elsewhere in the system (gain adjust not 

included in SHC85). 

GAIN ACCURACY 

The difference due to amplifier gain errors between Input 

and Output voltage when in the "sample" mode. 

DROOP RATE 

The voltage decay at the output when in the "hold" mode 

due to storage capacitor, FET switch leakage currents, 

and output amplifier bias current. 

FEEDTHROUGH 

The amount of the input voltage change that appears at 

the output when the amplifier is in the "hold" mode (see 

Figure 1 ). 

THROUGHPUT - NONLINEARITY 

The total charge offset and gain nonlinearity. That is, the 

inaccuracy due to these two errors that cannot be 

corrected by gain and offset adjustments. Throughput - 

nonlinearity is specified over the 20V input range. 

THROUGHPUT OFFSET 

The sum of sample offset and charge offset. 

CHARGE OFFSET 

The offset that results from charge transferred, from the 
holding capacitor to the gate capacitance of the switching 
FET. This charge is partially restored by a special 
compensation circuit when the unit goes into the "hold" 
mode. 



ACQUISITION TIME 

The time required for the output to settle to its final value 
within a given error band, when the Mode control is 
switched from "hold" to "sample" (see Figure 2). 
APERTURE TIME 

The time required to switch from "sample" to "hold". 1 he 
time is measured from the 50^ (' point of the mode control 
transition to the time at which the output stops tracking 
the input 



Sample 



Sample-to-Hold Switching 
Transient and Charge Offset 




Acquisition Time 



Feedthrough 
(change in solid line) 



FIGURE I. Example of Specifictions. 
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FIGU RE 2. Acquisition Time vs Full Scale Range Error. 
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OPERATING INSTRUCTIONS 



OPTIONAL EXTERNAL CAPACITOR SELECTION 

The value of the external capacitor determines the droop, 
charge offset and acquisiiton time of the sample, hold. 
Both droop and charge offset will vary linearly with 
capacitance from the values given in the specification 
table. 

Figure 3 shows the behavior of acquisition time with 
added external capacitance. The behavior of droop with 
external C is determined by: 

Droop = dv dt = (0.5 x 10"') (lOOOpF + Qx.) 
Capacitors with high insulation resistance and low 
dielectric absorption, such as teflon or polystyrene 
should be used as storage elements (polystyrene should 
not be used above +85"C). Care should be taken in the 
printed circuit layout to minimize leakage currents from 
the capacitor; this will minimize droop errors. 

OFFSET ADJUSTMENT 

Connect a 2kn to 5kfl multiturn potentiometer with a 



TCR of ISOppm "C or less as shown in the Connection 
Diagram. The offset should be adjusted with the input 
grounded. During the adjustment, the sample hold 
should be switching continuously between the "sample" 
and the "hold" mode. The error should then be adjusted 
to zero where the unit is in the "hold" mode. In this way, 
charge offset as well as amplifier offset will be adjusted. 
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FIGURE 3. Acquisition Time vs External Capacitor. 
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APPLICATIONS 



DATA ACQUISITION SYSTEM 

The SHC85 makes an excellent device for reducing 
aperture time m a data acquisition system. When 
combined with Burr-Brown's I6-channel MPC-16S 
Analog Multiplexer and ADC85 10- or 12-bit A D 
Converter, you can have a compact 16-channel data 
acquisition system with 50k H/ to 65kH/ throughput 
samplmg rates and 0.02 percent (RSS) system accuracy. 



O 

O MPC I6S 



16- 
Channel 
Analog 



SHC85 
Sample/Hold 



Mode 
Control 



Channel 
Address 



ADC85 
A/D Converter 



M i l l ni l III 

Parallel 
Digital Data 



Serial 
Data 



PROGRAMMER 
LOGIC 



COMPUTER I/O 



ANALOG DATA ACQUISITION SYSTEM 



SIMULTANEOUS SAMPLE/HOLD 

Time correlation of sampled data signals may be 

implemented by using one sample, hold for each analog 

signal prior to input to an analog multiplexer. The 

SCH85 low aperture time of 30nsec practically 

eliminated channel-to-channel time slew. The 

throughput sampling rate and the number of data 

channels will determine the maximum Hold time and 

hence, the worst-case droop error of the sample hold in 

the last channel to be sampled prior to the next "refresh" 

or sample hold command. This droop error may be 

minimized by adding external capacitance to the SHC85 

as shown in Figure 3. 

The droop error is computed by: 

MAX DROOP ERROR (CHANNEL N)=(T x n) 

(Droop rate) 

Where T = 1 System Sampling Rate and n = number of 

multiplexer data channels. 

EXAMPLE: 

For a 10-bit, 32-channel system with throughput sample 
rate of 50k H/, assuming no external capacitance, the 
droop error of channel N is: 

Droop Error (E,)) = [(l SOkM) x 32][(500x 10 ')] = 320mV. 

For ±IOV input signal range and 10-bit resolution, the 
resolution of ±1 2LSB is ±9.77mV, This droop error is 
less than 0.016LSB (negligible), and no external C need 
be added to reduce the droop of the SHC85. 
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BURR -BROWN 





SHC298 
SHC298A 



Monolithic 
SAiVIPLE/HOLD AIVIPLIFIER 



FEATURES 

• 12-BIT THROUGHPUT ACCURACY 

• LESS THAN 10//S ACQUISITION TIME 

• WIDEBAND NOISE LESS THAN 20//Vrms 

• RELIABLE MONOLITHIC CONSTRUCTION 

• lO'^'O INPUT RESISTANCE 

• TTL/CMOS-COMPATIBLE LOGIC INPUT 



Mode Control (S/H) Input 



Offset Adjust 



Analog 3 
Input 



Logic - 



Logic 71 
Reference"! 



30k 



A1>— 1— o^ 



tf 




-Output 



6^ Hold 
Capacitor 



DESCRIPTION 

The SHC298 and SHC298A are high-performance 
monolithic sample/ hold amplifiers featuring high 
DC accuracy with fast acquisition times and a low 
droop rate. Dynamic performance and holding per- 
formance can be optimized with proper selection of 
the external holding capacitor. With a lOOOpF 
holding capacitor, 12-bit accuracy can be achieved 
with a 6jus acquisition time. Droop rates less than 
5mV/min are possible with a IjuF holding capacitor. 

These sample/ holds will operate over a wide supply 
voltage ranging from +5V to ± 18V with very little 
change in performance. A separate Offset Adjust pin 
is used to adjust the offset in either the Sample or 
the Hold modes. The fully differential logic inputs 
have low input current, and are compatible with 
TTL, 5V CMOS, and CMOS logic families. 

The SHC298AM is available in a hermetically sealed 
8-pin TO-99 package and is specified over a temper- 
ature range from -25°C to +85°C. The SHC298JP 
and SHC298JU are 8-pin plastic DIP and SOIC 
packaged parts specified over 0°C to -l-70°C. 
The SHC298AJP, specified over 0°C to +70°C, is 
available in an 8-pin plastic DIP. The SHC298A 
grade features improved Gain and Offset Error, 
improved drift over temperature, and faster 
Acquisition Time. 

The SHC298 family is a price-performance bargain. 
It is well suited for use with several 12-bit A/D 
converters in data acquisition systems, data distri- 
bution systems, and analog delay circuits. 
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SPECIFICATIONS 

ELECTRICAL 



pacifications at Tj = +25°C, ±15V supplies, lOOOpF holding capacitor, -11 5V < Vin < +11 5, Ru = 10kfi, Logic Reference Voltage = OV, and Logic Voltage = 
25V unless otfierwise noted 



PARAMETER 


SHC298AM/JP/JU 


SHC298AJP 


UNITS 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


INPUT 1 


(ANALOG INPUT 

Resistance 
Bias Current"' 




10^° 
10 


50 




* 


25 


Q 

nA 


DIGITAL INPUT 

i/lode Control Truth Table 

I/lode Control and Mode Control Reference Input Current 
Differential Logic Threshold 


Pin 7 


Pin8 


Circuit State 




OV 

OV 
+2.4V 
+0.8V 


+2.4V 
+0 8V 
+2.8V 
+2.8V 


Sample (Track) 

Hold 

Hold 
Sample (Track) 


08 


1.4 


10 
24 










TRANSFER CHARACTERISTICS | 


ACCURACY (+25°C) 

Throughput Nonlmearity for Hold Time < 1ms 

Gam 

Gam Error 

Input Voltage Offset (adjust to zero)"' 

Droop Rate"' 

Charge Offset'^' 

Moise (rms) lOHz to 100kHz 

Power Supply Rejection 




±0.010 
+10 

±0.004 
±2 
±30 
±15 
10 
±25 


±0 015 

±0.010 

±7 
±200 
±25 

20 
±100 




±0.001 

±1 

* 

* 


±0.005 

±2 
±100 

* 


% of 20V 

V/V 

% 

mV 
A*V/ms 

mV 

//V 


ACCURACY DRIFT 

Gam Drift 

Input Offset Drift 

Charge Offset Drift C= lOOOpF 

Charge Offset Drift C = lO.OOOpF 

Droop Rate at Tj = +85''C 




3 
15 
50 
20 
1 


4 
70 
150 
50 
10 




1 

* 
* 


2 
25 

* 


ppm/°C 
//V/°C 
AfV/°C 

mV/ms 


DYNAMIC CHARACTERISTICS 

Full Power Bandwidth, C = lOOOpF 

Full Power Bandwidth, C = lO.OOOpF 

Output Slew Rate, C = lOOOpF 

Output Slew Rate, C = 10,000pF 

Aperture Time Negative Input Step 
Positive Input Step 

Acquisition Time (C = lOOOpF). to ±0 01%, 10V step 
to ±0 01%, 20V step 
to ±0.1%, 10V step 
to ±0.1%, 20V step 

Sample/Hold Transient: Peak Amplitude 
Settling to ImV 

Feedthrough (Response to 10V Input Step) 


75 
10 
7 
1.4 


125 
16 
10 

2 

200 
150 

6 

8 

5 

7 

160 

1.0 

±0.007 


250 
200 

10 

12 

9 

11 

15 
±0.015 


* 
* 


* 
* 

4 
±0.004 


* 
* 

6 
±0.0075 


kHz 
kHz 
V/AfS 
V///S 

ns 

ns 

AfS 

yUS 

^S 

^5 

mV 

US 

% of 20V 


OUTPUT 1 


ANALOG OUTPUT 

Voltage Range 
Current Range 
Impedance (in hold mode) 


±11.5 

±2 


0.5 


4 


* 


* 




V 

mA 
Q 


POWER SUPPLY 

Rate Voltage 

Range 

Current"' 


±5.0 


±15 
±4 5 


±18 
±6.5 


* 


* 
* 


* 
* 


VDC 
VDC 
mA 



*Same as specifications for SHC298AM/JP/JU 

NOTES. (1) These parameters guaranteed over a supply voltage range of ±5V to = ±18V. (2) Charge offset is sensitive to stray capacitive coupling 
between input logic signals and the hold capacitor. IpF, for instance, will create an additional 0.5mV step with a 5V logic swing and a 0.01/iF hold capacitor 
Magnitude of the charge offset is inversely proportional to hold capacitor value. 
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PIN DESIGNATIONS 



Mode Control (S/H) 
Input 



Mode Control 
Reference 




I Hold Cap 



Output 



TOP VIEW 
PLASTIC DIP AND SMALL OUTLINE 



Adjust 



Analog 
Input 



-Vcc 4r 




MECHANICAL 



"P 


' Package- 


-Plastic DIP 








MHTP 1 oaric in fri lo nrtcifinn u/ithin 














/ 






01" (0 25mm) R at MMC at seating 
plane Pin numbers shown for 










DIM 


INCHES 


MILLIMETERS 




J 




reierence uniy 

Numbers may not be marked on 
package Pin material an platmg 
composition conform to method 
2003 (solderabihty) of MIL-STD- 
^ 883 (except paragraph 3 2) 


MIN 


MAX 


MIN 


MAX 


F" 


t t 

Bi B 

-11 


A 


355 


400 


9 03 


1016 


Ai 


340 


384 


864 


9 78 


B 


230 


290 


5 85 


7 37 


Bi 


200 


250 


5 09 


6 36 


lL I 


C 


120 


200 


3 05 


5 09 


P-/ 


^\? hi' Ki" 


t—h 


D 


015 


023 


38 


59 


'^Pinl 


F 


030 


070 


76 


178 






G 


100 BASIC 


2 54 BASIC 


-H 


F 


i 


1 


H 


025 


050 


64 


127 






J 


008 


015 


20 


38 


t' 






.■ 


K 


070 


150 


178 


3 82 


H=i 




an 


r 


L 


300 BASIC 


7 63 BASIC 


k i- 


M 


0» 


15" 


0° 


15" 


H ♦ 


¥ V ¥ 


♦ ♦ 


N 


010 


030 


25 


76 


K Ln 


P 


025 


050 


064 


127 


l 

-• 


U 


•-D 


1- 


— Seatin 


g Plane 




<?JA = 


130°C/W 







"U" Package— Small Outline Surface Mount 















JL 


Ai 

w w 


w 








(1 '* 
Bi B 


Pin 1 Identifier 


— »-£=> 


' 




\ 


Pml 


II 





NOTE. Leads in true position 
within 010" (0 25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers are not marked 
on package. 






M I 



J^ 



-J 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


185 


201 


4 70 


511 


Ai 


178 


201 


4 52 


511 


B 


146 


162 


3 71 


411 


Bi 


130 


149 


3 30 


3 78 


C 


054 


145 


137 


3 69 


D 


015 


019 


38 


48 


G 


050 BASIC 


1 27 BASIC 1 


H 


018 


026 


46 


66 


J 


008 


012 


20 


30 


L 


220 


252 


5 59 


6 40 


M 


0" 


10° 


0° 


10° 


N 


000 


012 


00 


30 



djA=150''C/W 



"M" Package— TO-99 



t^ 



71 

Seating 
Plane 



77 




NOTE Leads in true position 
within 010" (0 25mm) R at MMC 
at seating plane 

Pin material and plating composi- 
tion conform to method 2003 
(solderability) of MIL-STD-883 
(except paragraph 3 2) 






150°C/W 
45°C/W 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


c 


165 


185 


419 


4 70 


D 


016 


021 


041 


53 


E 


010 


040 


25 


102 


F 


010 


040 


25 


102 


G 


200 BASIC 


5 08 BASIC 1 


H 


028 


034 


71 


86 


J 


029 


045 


74 


1 14 


K 


500 


— 


127 


— 


L 


110 


160 


2 79 


406 


M 


45° BASIC 


45° BASIC 


N 


095 105 


2 41 1 2 67 
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ABSOLUTE MAXIMUM RATINGS 



Supply Voltage ±18V 

Power Dissipation (Package Limitation) 500mW 

Junction Temperature, Tj max 

AM 125°C 

JP, JU 100°C 

Operating Temperature Range -25°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Input Voltage Equal to Supply Voltage 

Logic-to-Logic Reference Differential Voltage"' +7V, -30V 



Output Short Circuit Duration Indefinite 

Hold Capacitor Short Circuit Duration 10s 

Lead Temperature (soldering, 10s) 300°C 

NOTE (1) Although the differential voltage may not exceed the 
limits given, the common-mode voltage on the logic pins may be 
equal to the supply voltages without causing damage to the circuit 
For proper logic operation, however, one of the logic pins must 
always be at least 2V below the positive supply and 3V above the 
negative supply 



BURN-IN SCREENING 

Burn-in screening is available for both plastic and TO-99 
metal can packages. Burn-in duration is 160 hours at the 
temperature (or equivalent combination of time and 
temperature) indicated below: 

Plastic "-BI" models: +85° C 

TO-99 "-BI" models: +125°C 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 



ORDERING INFORMATION 



Model 


Package 


Temperature 
Range 


SHC298AM 
SHC298JP 
SHC298JU 
SHC298AJP 


TO-99 

8-pin DIP 

8-lead SOIC 

8-pin DIP 


-25°Cto+85°C 
0°Cto+70°C 
0°Cto+70°C 
0°Cto+70°C 


BURN-IN SCREENING OPTION 

See text for details 


Model 


Package 


Temperature 
Range 


SHC298AM-BI 
SHC298JP-BI 
SHC298JU-BI 
SHC298AJP-BI 


TO-99 

8-pin DIP 

8-lead SOIC 

8-pin DIP 


-25°Cto+85°C 
0°Cto+70°C 
0°Cto+70°C 
0°Cto+70°C 



TYPICAL PERFORMANCE CURVES 



APERTURE TIME 



bUU 
450 
400 


+Vcc = - 


-Vcc 


= 15V 








AVouT < mV 












350 




** 












300 
250 
200 
150 
100 
50 













^ 


^^ 




Negativ 
Input St< 

1 J 


e 


^y 


y^ 




^ 


PX 




-.-^ 






> 


y 


^ 


Positive 


3 




y 


1^ 


y 




Input St( 


jp 




>" 


























J 







-50-25 25 50 75 100 125 150 
Junction Temperature (°C) 



CHARGE OFFSET 



"T 








-- 


I 




w. 


k' 


















> 


S-li 


11— 














= 


eS 


E 






s 






--■B 










































1 












EM! 


= 


= : : 


Ijti — 






zt 
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= :: 


i~~ 






-'2 
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= ■: 


1= 










= 


= = ■■: 
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i:: 


= 






:^ 




-■■■i 
















k 1 



0001 001 0.01 1 

Hold Capacitor (//F) 



E 



2 
.8 
.6 
.4 

2 

1 


SAMPLE-TO-HOLD 
TRANSIENT SETTLING TIME 


+Vcc = -Vcc = 15V 








Se 


tlinj 


tol 


mV 








































^ 












,^ 


y 




.8 
.6 








^ 


^ 








^^^^ 


«^ 






























.2 




































-50-25 25 50 75 100 125 150 
Junction Temperature ("C) 



OUTPUT DROOP RATE 



ACQUISITION TIME 



OUTPUT NOISE 



10-^ 



< 10" 
< 

10" 







"10111111 1 1 


lllll 1 


Pi 








tHtII — r 


"ffl 








= 125°c| 










Ixj 


1 








= :ffl^ 


Mp= 


- 'i 








-< ffltH" 


TItll '•" 


■ 1 








Mt, = 70°c\ 


1 




= E^^ 


■ B 


m 
















i = ^^tt 


mtE= 


i 




:Ti = o 


^B 


1 




mill iiiiiiiNi 


ffl J 


ilri 



0.0001 001 0.01 01 1 

Hold Capacitor Ot/F) 



« 10 

3 



V, 


' _|_ 


0Vto±10V 








.T, = 25°C 










« 


ffl 




4 


'.'.'.'.'. 






^ 


^ 


'ill 




0. 


= i[[ 


= 


= = = ::; 










% 






















— 


- 






o 


;::: 






^ 


= 


:;:: 


0.0- 


%! 


'' 




= ===;; 
































lljrii 


^ 


i 


= = 


m 


z: 


IW 





0.01 0.1 

Hold Capacitor (fjF) 



I 



160 
140 
120 
100 
80 
60 
40 
20 
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^j'° 


d" 


Mode 










\ 






























V 


s, 








"S 




l' 1 
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^<i 


III ^ m 




amjle- Moaeiii 


'''HNI 


.11 
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1 
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DYNAMIC SAMPLING ERROR 



GAIN ERROR 



CHARGE OFFSET 



!+Vcc = 


-Vcc 


= i5yj 




= E::;; 












JilLL 






I'l 


E 


Hold 
Capacitor 


-■ ^ooopF^h™ 




^™l 






i|/r 






V 




lU 






^ 




Pk 






S, 


//F. 


B 




^ 




E^ 


//F 


k 






> 














. 






-Vm 


= 




Ui 


^ 






1 1 II III! 



1 1 10 100 1000 

Input Slew Rate (V/ms) 

POWER SUPPLY REJECTION 



160 
140 
120 
100 
80 
60 
40 
20 




T 


= 25 


°C 


rrmii 


r 








+vcc--vcc-it 

VouT = OV ,, 










*» 


■i 














s 


'11:^ 


.., 


Pc 

s 

s 


sitive 
jpply 

Q 1 








Negative 
Supply ' 


•■: 




















1 


^5 


S^ii 












1 



Ik 10k 100k 

Frequency (Hz) 



0.3 

02 

0.1 



-01 

-0 2 



Tj = 
Rl = 


= 25°C 
= 10Kn 








Sample Mode 

1 1 








-N 


^^ 


^ 








/ 






*^ 


"^^ 


S 










^ Slopes 


00070/0 



















-15 -10 -5 5 10 15 
Output Voltage (V) 



INPUT BIAS CURRENT 




-50-25 25 50 75 100 125 150 
Junction Temperature ("C) 



PHASE AND GAIN 
(INPUT TO OUTPUT, SMALL SIGNAL) 



1 D 

12 
08 
04 

-0 4 
-0 8 
-1 2 
-1.6 


Ch = 


= OlA/F 








T,- 


























|T,=-65^ 


^s 


P 


^ 




^^^ 


X? 




T, — p«;°r ^ 


y^ 








y 

























-15 -10 -5 5 10 15 
Input Voltage (V) 

FEEDTHROUGH REJECTION RATIO 



130 
120 
110 
100 
90 
80 
70 
60 
50 



III 


" 


IT 


+Vcc = -Vcc = 
V,N = 10Vp-p 
Tj = 25°C„, 
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lllllli IIPlPII 1 
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1 




1 
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CHARGE OFFSET 



35 
30 
25 
20 
1 5 
1 
05 




^\ 


Ch = 0.01//F 
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'1 












^s 
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1 


' — 



01 



1.0 



10 



100 



Logic Slew Rate (V///s) 



DISCUSSION OF 
SPECIFICATIONS 

THROUGHPUT NONLINEARITY 

Throughput nonlinearity is defined as total Hold mode, 
nonadjustable, input to output error caused by charge 
offset, gain nonlinearity, 1ms of droop, feedthrough, and 
thermal transients. It is the inaccuracy due to these errors 
which cannot be corrected by offset and gain adjustments. 
Throughput nonlinearity is tested with a lOOOpF holding 
capacitor, lOV input changes, lO/us acquisition time, and 
1ms Hold time (see Figure 1). 



GAIN ACCURACY 

Gain Accuracy is the difference between Input and 
Output voltage (when in the Sample mode) due to 
amplifier gain errors. 

DROOP RATE 

Droop Rate is the voltage decay at the output when in the 
Hold mode due to storage capacitor, PET switch leakage 
currents, and output amplifier bias current. 

FEEDTHROUGH 

Feedthrough is the amount of the input voltage change 
that appears at the output when the amplifier is in the 
Hold mode. 
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FIGURE 1. Sample Hold Errors. 



The value of the external capacitor determines the droop, 
charge offset and acquisition time of the Sample Hold. 
Both droop and charge offset will vary linearly with 
capacitance from the values given in the specification 
table for a 0.00 I/jlF capacitor. With a capacitor of 0.0 1 /uF 
the droop will reduce to approximately 2.5/uV/ms and 
the charge offset to approximately I.5mV. The behavior 
of acquisition time with changes in external capacitance 
is shown in the Typical Performance Curves. 

OFFSET ADJUSTMENT 

The offset should be adjusted with the input grounded. 
During the adjustment, the sample/ hojd should be 
switching continuously between the Sample and the Hold 
mode. The error should then be adjusted to zero when the 
unit is in the Hold mode. .In this way, charge offset as well 
as amplifier offset will be adjusted. When a 0.00 l/uF 
capacitor is used, it will not be possible to adjust the full 
offset error at the sample/ hold. It should be adjusted 
elsewhere in the system. 



APPLICATIONS 

DATA ACQUrSITION 

The SHC298 may be used to hold data for conversion 
with an analog-to-digital converter or used to provide 
Pulse Amplitude Modulation (PAM) data output (see 
Figures 2 and 3). 



APERTURE TIME 

Aperture Time is the time required to switch from 
Sample to Hold. The time is measured from the 509^ 
point of the mode control transition to the time at which 
the output stops tracking the input. 

ACQUISITION TIME 

Acquisition Time is the time required for the sample/ hold 
output to settle within a given error band of its final value 
when the mode control is switched from H old to Sample. 

CHARGE OFFSET 

Charge Offset is the offset that results from the charge 
coupled through the gate capacitance of the switching 
FET. This charge is coupled into the storage capacitor 
when the FET is switched to the "hold" mode. 



Analog 
Inputs 

> 



=+4 



-15VDC 

9 005A/F 

1/iF Storage 



64 "(Se 



ToA/D 
Converter 



Mode 4r 



W^ 



PAM Output 



Analog 
Multiplexer Mode _ 

Control p-A//v 
> IkO 



24kfi 



01/iF 



1 i 

•i" +15VDC 



1 



FIGURE 2. Data Acquisition. 



OPERATING INSTRUCTIONS 

EXTERNAL CAPACITOR SELECTION 

Capacitors with high insulation resistance and low 
dielectric absorption, such as teflon, polystyrene or 
polypropylene units, should be used as storage elements 
(polystyrene should not be used above +85"C). Care 
should be taken in the printed circuit layout to minimize 
AC and DC leakage currents from the capacitor to 
reduce chage offset and droop errors. 



PAM Output 
^ Analog Input / _ 


- 1 

\ 





FIGURE 3. PAM Output. 
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DATA DISTRIBUTION 

The SHC298 may be used to hold the output of a digital- 
to-analog converter whose digital inputs are multiplexed 
(see Figure 4). 



storage 
1/iF Capacitor 



-15VDC 



Digital r 
Inputs L 



-. 



D/A 
Converter 




Channel N 



FIGURE 4. Data Distribution. 

TEST SYSTEMS 

The SHC298 is also well suited for use in test systems to 
acquire and hold data transients for human operators or 
for other parts of the test system such as comparators, 
digital voltmeters, etc. 

With a 0.1/xF storage capacitor, the output may be held 
10 seconds with less than 0.1% error. With a l/uF storage 
capacitor, the output may be held more than 15 minutes 
with less than 1% error. 



HIGH SPEED DATA ACQUISITION 

The minimum sample time for one channel in a data 
acquisition system is usually considered to be the acqui- 
sition time of the sample/ hold plus the conversion time 
of the analog-to-digital converter. If two or more sample/ 
holds are used with a high-speed multiplexer, the acqui- 
sition time of the sample/ hold can be virtually eliminated. 
While the first channel is in hold and switched on to the 
ADC, the multiplexer may be addressed to the next 
channel. The second sample/ hold will have acquired this 
data by the time the conversion is complete. Then, the 
sample/ holds reverse roles and another channel is ad- 
dressed (see Figure 5) Fow low-level systems, and instru- 
mentation amplifier and double-ended multiplexer may 
be connected to the sample/ hold inputs. The settling 
time of the multiplexer, instrumentation amplifier, and 
sample/ hold can be eliminated from the channel con- 
version time as before. 



Ch2_ 

I 
I 

I 

ChN 



Analog t 
Input Address 



SHC298 

1 



lOOOpF ■=• 



Analog-to- 

Digital 
Converter 




Mode Control - 



Digital 
Output 

LLbi 



FIGURES "Pmg-Pong" Sample Holds. 
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CAPACITIVE LOADING 

SHC298 is sensitive to capacitive loading on the output 
and may oscillate. When driving long lines, a buffer 
should be used. 



ss 
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BURR -BROWN 





SHC600BH 



Ultra-High Speed 
SAMPLE/HOLD AMPLIFIER 



FEATURES 

• CLOSED-LOOP OUTPUT AMPLIFIER 

• ±0.01% FSR LINEARITY max 

• ACQUISITION TIME |2.5V STEP): 
1% FSR 17ns typ 

0.1% FSR 27ns typ 
0.02% FSR 40ns typ 

• 300V///S SLEW RATE 

• 24-PIN CERAMIC DIP 

• VERY LOW DISTORTION 

DESCRIPTION 

The SHC600 is a high speed sample/ hold amplifier 
designed for use in ultra-fast, 12-bit data acquisition 
and signal processing systems. It acquires input step 
changes of 2.5V to 1% accuracy in 17ns and 0.02% 
accuracy in 40ns, typically. The closed-loop output 
amplifier provides a maximum linearity error of 
±0.01% with a low output impedance of 0.40. The 
gain has been optimized to drive lOOH loads with a 
gain error of less than ±0.1%. 
In the sample mode the SHC600 operates as a unity- 
gain buffer with a small signal bandwidth of 70MHz. 
Input voltage range is ±2V. 
The hold command is ECL-compatible. 



APPLICATIONS 

• SUCCESSIVE-APPROXIMATION ADCs 

• IMPROVING FLASH ADCs 

• WAVEFORM DIGITIZERS 

• VIDEO 

• PEAK DETECTORS 

• BOXCAR INTEGRATORS 

• DOWN CONVERTERS 




■*— 3 Output 
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SPECIFrCATIONS 



ELECTRICAL 

At +25°C and rated power supplies and 100O in parallel with 3pF load unless otherwise specified 



PARAMETER 


SHC600BH 


UNITS 


MIN 


TYP 


MAX 


SAMPLE/HOLD INPUTS | 


ANALOG 










Voltage Range 




±1.25 


±2 


V 


RlN 




1.5 




MO 


Input Bias Current 




20 


35 


/iA 


DIGITAL (ECL Compatible) 










V,H (HOLD) 


-1.1 




-0.8 


V 


V,L (SAMPLE) 


-1.8 




-15 


V 


liH, ViN = -1 1V 






265 


M 


I.L, V,N = -1 8V . 


0.5 






M 


SAMPLE/HOLD OUTPUT | 


Voltage Range 




±125 


±2 


V 


Output Current 


±40 






mA 


Short Circuit Protection 




Momentary (Is) 






Output Impedance (at DC) 




04 







Noise in Track Mode (wideband 200MHz into 50Q load) 




400 




//Vrms 


SAMPLE/HOLD TRANSFER CHARACTERISTICS | 


DC ACCURACY/STABILITY 










Gam 




+1 




V/V 


Gam Error 




±0.1 




% 


Temperature Coefficient 




±5 


±20 


ppm/°C 


Linearity Error (±1 25V Input) 




±0.002 


±0 01 


% of FSR"' 


Zero Offset 




±2 


±5 


mV 


Temperature Coefficient 




±50 


±150 


//V/°C 


Power Supply Sensitivity of Offset: Vddi (+5V) 




±1 


±3 


mV/V 


Vdd2 (-5 2V) 




±4 


±13 


mV/V 


+Vcc (+15V) 




±5 


±10 


mV/V 


-Vcc (-15V) 




±9 


±15 


mV/V 


HOLD-TO-TRACK (SAMPLE) DYNAMICS 










Acquisition Time (with 2 5V step)"' To within ±1% of FSR (25mV) 




17 


25 


ns 


To within ±0 1% of FSR (2.5mV) 




27 


35 


ns 


To within ±0 02% of FSR (0.5m V) 




40 


50 


ns 


Switch Delay Time 




2 




ns 


TRACK (SAMPLE)-TO-HOLD DYNAMICS 










Aperture Delay Time 




4 


8 


ns 


Aperture Uncertainty (jitter) 




5 


9 


ps (rms) 


Offset Step (pedestal) 




±2 


±10 


mV 


Temperature Coefficient 




±30 


±60 


uwrc 


Sensitivity to Vod2 (-5.2V) 




±2.5 


±10 


mV/V 


Switch Delay Time 




2 




ns 


SwitchingTransient Amplitude 




7 


20 


mVpk 


Settling to withm±1mV 




10 


15 


ns 


TRACK (SAMPLE) MODE DYNAMICS 










Frequency Response: Full Power Bandwidth 




40 




MHz 


Small Signal Bandwidth 




70 




MHz 


Output Slew Rate 


200 


300 




V/a/s 


Harmonic Distortion (2.5Vp-p input at 4MHz). Rl = 2000 




-78 




dB 


Rl = 50Q 




-65 




dB 


HOLD MODE DYNAMICS 










Droop Rate at -l-25'»C case temp 




±60 


±180 


AiV///s 


at +85°C case temp 




±15 


±4 


mV//iS 


Feedthrough Rejection. 2.5V p-p input at 1MHz 


62 






dB 


at 10MHz 


58 






dB 


POWER SUPPLY REQUIREMENTS | 


Supply Voltages. Vddi 


+4.75 


+5.0 


+5.25 


V 


VdD2 


-4.95 


-5.2 


-5.46 


V 


+Vcc 


+14.25 


+15 


+15 75 


V 


-Vcc 


-14.25 


-15 


-15 75 


V 


Quiescent Current: Vddi 




40 


55 


mA 


VdD2 




-93 


-120 


mA 


+Vcc 




30 


45 


mA 


-Vcc 




-15 


-25 


mA 


Power Dissipation 




1.3 


2.0 


W 


TEMPERATURE RANGE | 


Specification (case temperature) 


-25 




+85 


°C 


Storage 


-55 




+125 


°C 



NOTES: (1) FSR means Full-Scale Range. For SHC600 FSR= 2.5V. 
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PIN ASSIGNMENTS 



MECHANICAL 



1 


Vddi (+5V) 


13 


Analog Input 


2 


Vdd2 (-5 2V) 


14 


NIC* 


3 


NIC* 


15 


NIC* 


4 


Vdd2 (-5.2V) 


16 


NIC* 


5 


Hold Command 


17 


NIC* 


6 


Digital Common 


18 


Analog Common 


7 


Power Common 


19 


Analog Common 


8 


4-Vcc (+15V) 


20 


NIC* 


9 


NIC* 


21 


NIC* 


10 


Vdd2 (-5.2V) 


22 


+Vcc (+15V) 


11 


Power Common 


23 


NIC* 


12 


-Vcc (-15V) 


24 


Analog Output 




* NIC = No Internal Connection 1 



ABSOLUTE MAXIMUM RATINGS 



±Vcc 16 5V 

Vddi +7.0V 

Vdd2 -7 OV 

Analog Input , ±5 OV 

Logic Input Vdd2 to +0 5V 

Case Temperature +100°C 

Junction Temperature +150°C 

Storage Temperature -40°C to +100°C 

Stresses above these ratings may cause 

permanent damage to the device. 



I NOTE 

B Leads In true position 
within 010" ( 25mm) R 
i at MMC at seating plane 




J u 



IL-- ^. 

J L*G -JUd ^Seating Plane 



TH 



U._l 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


1280 


1310 


32 51 


33 27 


B 


780 


800 


19 81 


20 32 


C 


153 


207 


3 89 


5 26 


D 


016 


020 


41 


51 


F 


045 


055 


1 14 


140 


G 


100 BASIC 


2 54 BASIC 


H 


087 


091 


2 21 


2 31 


J 


009 


012 


23 


30 


K 


200 


210 


5 08 


5 33 


L 


600 BASIC 


15 24 BASIC 


N 


015 035 


38 1 89 



ORDERING INFORMATION 



TYPICAL PERFORMANCE 
CURVE 



ANALOG INPUT BANDWIDTH 



+2 
+1 

-1 
-2 
~3 
-4 
-5 



1 


1 


? 


T 


1 
















IN = 1( 


XJm 


1 


P 






,^^ 




k 






*■" 
















^ 






















\ll 






















V 






















\ 



























































































0.1 0.2 0.6 1 2 6 10 

Frequency (MHz) 



60 100 



SHC600 B H Q 



Basic Model Number 

Performance Grade Code - 
B = -25°C to +85''C 



Package 

H = ceramic DIP 

Reliability Screening - 
= Q-screened 



THEORY OF OPERATION 

The SHC600 is a high-speed sample/ hold amplifier with 
low distortion, fast acquisition time and very low aperture 
uncertainty (jitter). A diode bridge sampling switch is used 
to achieve an acceptable compromise between speed and 
accuracy. The diode bridge switching transients are buffered 
from the analog input by a high input impedance buffer 
amplifier. Since the hold capacitor does not appear in the 
feedback of the diode bridge output buffer, the capacitor 
can acquire the signal in 25ns. The low-bias-current output 
buffer droop appears as only an offset error and does not 
affect linearity. 
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TYPICAL FFT SPECTRAL PERFORMANCE 

All FFT data: 512-point FFT, 10-sample average; minimum 4-sample Blackman-Harris Window. Tested in ADC600K high speed ADC. 



Swnpit Rati = SMHx, Input VoNiigt » Full-Scato (OdB) 


Frequency (MHz) 





0.5 1 1.5 2 2.5 





' 


-10 






-20 
^ -30 

.« -50 

a 

1 -60 




Level re: 
Full-Scale 
1 (dB) 


Harmonica: 2f = -77.9 
3f = -83.1 
4f = -85.3 


-70 
-80 


. 


SINAD = 67.3dB 
TND = -68.5dBC 
THD = -73.3dBC 


-90 


^i^4^AJ|ikk^i^^^j^^ Ajidw U 


-100 


IHi^HIHIHIHHHI 


Frequency (MHz) 





0.5 1 1.5 2 2.5 1 







. 


-10 






-20 
-30 

1 -« 

1 -50 
1 -60 






Level re: 

Full-Scale 

(dB) 


Harmonics: 2f = -81.4 
31 = -87.2 
4f = -87.0 


-70 
-80 




SINAD ^ 69.6dB 
TND = -70.7dBC 
THD = -76.1dBC 


-90 






-100 




Frequency (MHz) 


0.5 1 1.5 2 2.5 


—6 


■ 


-16 


• 


-26 

t ~^ 
< -66 

-76 




Level re: 
Full-Scale 
(dB) 
F,: 2.2461MHz = -6.3 
Fa: 2.4023MHz - -6.4 
Peak Envelope = -0.7 




IMD: 0.3809MHz » -81.2 
2.0996MHz = -82.9 
2.4707MHz = -83.9 


-86 


lifciiifchiii^hi ||ii|*^->*^-- ''^^JL. il 


k 


-96 


■flH||lll|flH|U|^^ 


-106 


■■■■■■■■■■■■■■ 
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BURR-BRO>A^N 




SHC601BH 



Ultra-High Speed 
SAMPLE/HOLD AMPLIFIER 



FEATURES 

• lOOMHz SAMPLE RATE 

• ±0.02% MAX LINEARITY ERROR 

• ACQUISITION TIME (2.5V STEP): 
1% FSR 8ns 

0.1% FSR 12ns 
0.02% FSR 22ns 

• 350V///S SLEW RATE 

• 900 FEMTO SECONDS RMS APERTURE 
UNCERTAINTY 

• REPLACES HTS-0010 



DESCRIPTION 

The SHC 601 is a high speed sample/ hold amplifier 
designed for use in ultra-fast, 12-bit data acquisition 
and signal processing systems. It acquires input step 
changes of 2.5V to 1% accuracy in 8ns and 0.02% 
accuracy in 22ns, typically. The open-loop output 
amplifier provides a maximum linearity error of 
±0.02% with an output impedance of lOH. 
A lOOMHz sample rate and extremely low aperture 
uncertainty (0.9ps rms) make the SHC601 suitable for 
RF signal processing applications. 
In the sample (track) mode the SHC601 operates as 
a unity-gain buffer with a small signal bandwidth of 
115MHz. 



APPLICATIONS 

• IMPROVING FLASH ADCs 

• WAVEFORM DIGITIZERS 

• VIDEO PROCESSORS 

• PEAK DETECTORS 

• BOXCAR INTEGRATORS 

• DOWN CONVERTERS 

• DAC DEGLITCHING 



Analog^ 
Input 



o-tMMl-rt^ 



Bridge 
Driver 



^f\ 



Hold Capacitor 



OOutput 



Sample/Hold Analog 
ECL Common 
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SPECIFICATIONS 



ELECTRICAL 

At +25°C ambient temperature, 10 SCFM airflow, and rated power supplies unless otherwise specified 



PARAMETER 


SHC601BH 


UNITS 


MIN 


TVP 


MAX 


SAMPLE/HOLD INPUTS | 


ANALOG 










Voltage Range 




±1 25 


±2 


V 


RiN 




100 




kQ 


Input Bias Current 




25 


75 


M 


DIGITAL (ECL Compatible) V,h (HOLD) 


-1 1 




-0.8 


V 


ViL (SAMPLE) 


-1 8 




-15 


V 


l|H,V,N = -1 IV 






265 


/iA 


l,L, V,N = -1 8V 


05 






yuA 


SAMPLE/HOLD OUTPUT | 


Voltage Range 




±1 25 


±2 


V 


Output Current 


±40 






mA 


Short Circuit Protection 




None 






Output Impedance (at DC) 




10 







Noise in Track Mode (wideband 100MHz into 50Q load) 




400 




^fVrms 


SAMPLE/HOLD TRANSFER CHARACTERISTICS | 


DC ACCURACY/STABILITY 










Gam, Rl = °°"' 


96 


98 


100 


V/V 


Gam Temperature Coefficient 




±28 


±40 


ppm/°C 


Linearity Error (±1 25V Input) 




±0 0095 


±0 02 


% of FSR"" 


Zero Offset 




■±2 


±5 


mV 


Temperature Coefficient 




±80 


±175 


A/V/'C 


Power Supply Sensitivity of Offset Vddi (+5V) 




±2 




mV/V 


Vdd2 (-5 2V) 




±4 




mV/V 


+Vcc (+15V) 




±11 




mV/V 


-Vcc (-15V) 




±20 




mV/V 


HOLD-TO-TRACK (SAMPLE) DYNAMICS; Rl = 100Q, Cu = 3pF 










Acquisition Time (with 2 5V step)'^'. To within ±1% of FSR (25mV) 




8 


11 


ns 


To within ±0 1% of FSR (2 5mV) 




12 


16 


ns 


To within ±0 02% of FSR (0 5mV) 




22 




ns 


Switch Delay Time 




15 




ns 


TRACK (SAMPLE)-TO-HOLD DYNAMICS; Rl = 1000, Cl = 3pF 










Aperture Delay Time 




4 


7 


ns 


Aperture Uncertainty (jitter) 




09 




ps (rms) 


Offset Step (pedestal) 




±5 


±20 


mV 


Temperature Coefficient 




±50 


±140 


/iV/»C 


Sensitivity to Vdd2 (-5 2V) 




±0 6 




mV/V 


Switch Delay Time 




15 




ns 


SwitchmgTransient Amplitude 




7 


25 


mVpk 


Settling to within ±1mV 




9 


14 


ns 


TRACK (SAMPLE) MODE DYNAMICS 










Frequency Response Full Power Bandwidth (Vo = 2 5Vp-p) 


38 


45 




MHz 


Small Signal Bandwidth (Vo = lOOmVp-p) 


100 


115 




MHz 


Output Slew Rate 


±300 


±350 




V//ys 


Harmonic Distortion (2Vp-p input at 20MHz) Rl > 250O 




-55 




dBC 


HOLD MODE DYNAMICS 










Droop Rate at +25°C case temp 




±20 


±100 


/^V//iS 


at +85°C case temp 




±0 9 


±2 


mV/ius 


Feedthrough Rejection 2 5Vp-p input, Rl = lOOQ, Cl = 3pF at 10MHz 


65 


77 




dB 


POWER SUPPLY REQUIREMENTS | 


Supply Voltages Vddi 


+4 75 


+5 


+5 25 


V 


VdD2 


-4 95 


-5 2 


-5 4 


V 


+Vcc 


+14 25 


+15 


+15 75 


V 


-Vcc 


-14 25 


-15 


-15 75 


V 


Quiescent Current Vddi (+5V) 




16 


25 


mA 


Vdd2 (-5 2V) 




60 


85 


mA 


+Vcc (+15V) 




30 


40 


mA 


-Vcc (-15V) 




27 


40 


mA 


Power Dissipation (Iout = 0mA) 




1 25 


1 7 


W 


TEMPERATURE RANGE | 


Specification '^' 


-25 




+85 


"C 


Storage 


-55 




+125 


«c 



NOTES (1) Gam Accuracy Gam = Rl (0 98V/V)/(Rl + lOQ) (2) FSR means Full-Scale Range For SHC601 FSR= 2 5V (3) SHC601BH is tested and 
specified in a forced air environment with a 10 SCFM airflow For a normal convection environment ^jc = 28 7°C/W and 0ca = 23 3°C/\N Case temperature is 
measured on top surface of package 
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PIN ASSIGNMENTS 



1 


Vddi (+5V) 


13 


Analog Input 


2 


Vdd2 (-5 2V) 


14 


NIC* 


3 


NIC* 


15 


NIC* 


4 


Vdd2 (-5 2V) 


16 


NIC* 


5 


Hold Command 


17 


NIC* 


6 


Digital Common 


18 


Analog Common 


7 


Power Common 


19 


Analog Common 


8 


+Vcc (+15V) 


20 


NIC* 


9 


NIC* 


21 


NIC* 


10 


Vdd2 (-5 2V) 


22 


+Vcc (+15V) 


11 


Power Common 


23 


NIC* 


12 


-Vcc (-15V) 


24 


Analog Output 




* NIC = No Internal Connection 1 



ABSOLUTE MAXIMUM RATINGS 



+Vcc 16 5V 

Vddi +7 OV 

Vdd2 -7 0V 

Analog Input ±5 OV 

Logic Input Vdd2 to +0 5V 

Case Temperature +100°C 

Junction Temperature . . . +150°C 

Storage Temperature -40°C to +100°C 

Stresses above these ratings may cause 

permanent damage to the device. 



MECHANICAL 



NOTE 
B Leads m true position 

within 010" ( 25mm) R 
1 at MMC at seating plane 




Seating Plane 



t=1 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


1280 


1310 


32 51 


33 27 


B 


780 


800 


19 81 


20 32 


C 


153 


207 


3 89 


5 26 


D 


016 


020 


41 


51 


F 


045 


055 


1 14 


140 


G 


100 BASIC 


2 54 BASIC 1 


H 


087 


091 


2 21 


2 31 


J 


009 


012 


23 


30 


K 


200 


210 


5 08 


5 33 


L 


600 BASIC 


15 24 BASIC 


N 


015 1 035 


38 1 89 



ORDERING INFORMATION 



SHC601 B H Q 



Basic Model Number 

Performance Grade Code - 
B = -25°C to +85°C 



Package 

H = ceramic DIP 

Reliability Screening ■ 
Q = Q-screened 



J 



TYPICAL PERFORMANCE 
CURVES 



ANALOG INPUT BANDWIDTH 







































































































N 


= 100mVp-p ■ 
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Frequency (MHz) 

HARMONIC DISTORTION VS FREQUENCY 













1 1 1 
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THEORY OF OPERATION 

The SHC601 is a high-speed sample/ hold amplifier with 
low distortion, fast acquisition time and very low aper- 
ture uncertainty (jitter). A diode bridge sampling switch 
is used to achieve an acceptable compromise between 
speed and accuracy. The diode bridge switching tran- 
sients are buffered from the analog input by a high input 
impedance buffer amplifier. Since the hold capacitor does 
not appear in the feedback of the diode bridge output 
buffer, the capacitor can acquire the signal in 8ns. The 
low-bias-current output buffer droop appears only as an 
offset error and does not affect linearity. 

LAYOUT 

Each power supply pin should be bypassed with a l/uF 
tantalum capacitor connected directly from each pin to a 
heavy copper ground plane. All unused pins should be 
connected to ground and input and output connections 
should be short and direct in keeping with the high fre- 
quency performance of the SHC60I. 

Good RF layout techniques should be used — a heavy 
two ounce copper ground plane is strongly recommended. 
Wire-wrap or "prototype" boards will not give satisfac- 
tory performance. 
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Longer input/ output traces or capacitive loads (such as 
a flash ADC) may require decoupling with a series resis- 
tor of ion to 5on. 

DISCUSSION OF 
PERFORMANCE 

HARMONIC DISTORTION 

Figure 1 shows the harmonic distortion at various 
frequency ranges. Figure 2 is a block diagram of the 
Harmonic Distortion Test. 

APERTURE JITTER 

An ECL signal with rising and falling edges of IV/ns is 






f 




Rl = 250fi 








V,N = 2Vp-p 


^.„<v-,„»-^ 


2f 


3f 





10MHz 15MHz 

Frequency 







Rl = 250fi 






V,N = 2Vp-p 




2f 






1 ■. 


3f 

h 



40MHz 
Frequency 



£ 

-o 




f 

Rl = 250Q 


1- 




V,N = 2Vp-p 
2f 


^-40 
a -60 






3f 

i 



50MMZ 100MHz 

Frequency 





f 


Rl = 250n 






V,N = 2Vp-p 




2f' 


3f 

1 , 



100MHz 200MHz 300MHz 

Frequency 



f /-v \ Low-Pass 



Signal 
Generator 



Sample 
(Track) 



"¥ 



Spectrum 
Analyzer 



Figure 2. Harmonic Distortion Test Block Diagram. 

applied to both the S/H input and the analog input (see 
Figure 3). A delay line is used to compensate for the 
aperture delay time and can be made up of various coax 
lengths or by using a calibrated line such as an Allen 
Avionics Model VRMOll. Because of the variation in the 
other cable lengths, coax (A) length may have to be 
adjusted to locate the sample and hold point at the 
midpoint of the signal transition. 

In this test the midpoint of the ECL signal is held; 
approximately —1.3V. Once the cable delays have been 
adjusted, the scope presentation will consist of noise due 
to aperture jitter on the held value of —1.3V. The peak- 
to-peak value of the noise band around the held value, 
divided by four, gives the approximate rms value of the 
noise. When divided by the rate of change of the input 
signal, the result will be aperture jitter. 
It is important that the rate of change used is the 
effective slew rate seen at the switching mechanism 
inside the SHC601. For example, this signal will be 
slower than the pulse generator slew rate due to the slew 
rate limitations of an input buffer. The effective slew rate 
is determined by measuring the amount the held value 
changes versus a known change in delay of the delay line. 
For example: 

Effective Slew Rate = 0.35V/ ns 
Noise band = 1.4mVp-p = 0.35mVrms 
If rms noise is in mV and slew rate in V/ns, the jitter will 
be in ps rms: 

(0.35mVrms) ^ (0.35V/ ns) = Ips rms 



To Scope AC-Coupled, 50fi Termmation 



-0 8V 
-13V 



hlOOnsH 



13V 
8V 



24 13 

SHC601 



5on 



Signal 
Generator I 



Coax 
(A) 




50Q "^ 



Coax 



Calibrated Variabh 
Delay Line 



3j 



Figure 3. Aperture Jitter Test Circuit. 



Figure 1. Harmonic Distortion vs Frequency. 
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BURR -BROWN® 




SHC803BM, CM 
SHC804BM, CM 



Ultra-High Speed 
SAMPLE/HOLD AMPLIFIER 



FEATURES 

• 350nsec max ACQUISITION TIME 

• ±0.01% THROUGHPUT NONLINEARITY 

• ISOnsec max SAMPLE-TO-HOLD SETTLING TIME 

• INPUT BUFFER (SHC803) 

• 24-PIN HERMETICALLY-SEALED METAL PACKAGE 



BUFFER ^^ SAMPLE/HOLD 
OUTPUT QQ ANALOG INPUT 



I SHC803 0NLY | lOOOn | - ^ 

iSp^ i T ^T r^> ( ^^o 

O -^r-A&y^ 1 r-L_rAt,X^AMPLE/ 

L_.>L ... . J "T" "°'-° 

I r— ' ± OUTPUT 

SWITCH I T 

DRIVE T 

' W-6 ' 



DESCRIPTION 

The SHC803 and SHC804 are high speed sample/ 
hold amplifiers designed for use in fast 12-bit data 
acquisition systems and signal processing systems. 
The SHC803 contains a fast-settling unity-gain am- 
plifier for buffering high impedance sources or for 
use with CMOS multiplexers. 
The SHC804 acquires a lOV signal change in less 
than 350nsec to +1/2LSB at 12 bits. Throughput 
nonlinearity error is guaranteed to be within 
±1/2LSB for 12-bit systems. Stability over tempera- 
ture is excellent, with only ±5ppm/°C of gain drift 
and ±4ppm of FSR/°C of charge offset drift over 
the —25 to +85°C temperature range. 

The ±25psec maximum aperture uncertainty of 
SHC803 and SHC804 permits sampling (to ±0.01% 
of Full Scale Range) of signals with rates of change 
of up to lOOV/jusec. These sample/ holds have been 
optimized for use with Burr-Brown's high speed 12- 
bit analog-to-digital converter, model ADC803. To- 
gether these components are capable of accurately 
digitizing fast changing signals at sample rates as 
high as 500k samples per second. 



HOLD HOLD ANALOG 

COMMON 



The digital inputs (HOLD and HOLD) are TTL- 
compatible. Power supply requirements are ±15V 
and +5V and the specification temperature range is 
-25° C to +85° C. The SHC803 and SHC804 are 
packaged in a 24-pin dual-in-line hermetic metal 
package. SHC804 is pin-compatible with other 
sample/ holds on the market with similar perfor- 
mance characteristics. 
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SPECIFICATIONS 



ELECTRICAL 

At +25° C, rated power supplies and a 1kO output load unless otherwise specified 



MODEL 


SHC803/SHC804BM 


SHC803/804CM 


UNITS 




PARAMETER 


MIN 1 TYP 


MAX 


MIN 1 TYP 1 MAX 




SAMPLE/HOLD INPUTS [without input buffer] | 




ANALOG 


















Voltage Range 


±10 25 


±11 






* 




V 




R.N 




1.00 






* 




kO 




DiGITAL [HOLD, HOLD] 


















VlH 


+2 












V 




V,L 






+0.8 








V 




l,H, V,N = +2 7V 






+60 






* 


/iA 




l,L. V,N = +0 4V 






-12 








mA 




SAMPLE/HOLD TRANSFER CHARACTERISTICS [without input buffer] 




ACCURACY 


















Sannple Mode 


















Gam 




-1 










V/V 




Gam Error 






±01 






• 


% 




Temperature Coefficient 




±3 


±10 




±1 


±5 


ppm/°C 




Linearity Error 




±0.001 


±0 005 




* 




% of FSR"' 




Zero Offset 




±1 


±5 




±0 5 


±3 


mV 




Temperature Coefficient 




±1 


±2.5 




±0.5 


±1.5 


ppmof FSR/°C 




Hold Mode 


















Charge Offset 




±2 


±10 




±1 


±5 


mV 




Temperature Coefficient 




±3 


±10 




±2 


±4 


ppmof FSR/°C 




Droop Rate at +25° C 




±0 5 


±5 








fjy/fJSBC 




+85° C 






±0.5 






±01 


mV//isec 




Throughput Nonlinearity 






±0.01 








% of FSR 




Power Supply Sensitivity'^' ±Vcc 






±0 002 






* 


% of FSR/%Vcc 


i 


Vdd 






±0 003 






* 


% of FSR/%Vdd 


DYNAMIC CHARACTERISTICS 
















Acquisition Time (with 10V step) 
















X 


to within ±0.1%(±10mV) 




220 










nsec 


±0.01% (±1mV) 




250 


350 








nsec 


Sample-to-Hold Settling Time 
















to within ±0 01% {±1mV) 




100 


150 






* 


nsec 


Sample-to-Hold Transient Amplitude 




60 


150 






, * 


mVpeak 


Aperture Delay Time'^' 




15 


25 








nsec 


0) 


Aperture Uncertainty 




±10 


±25 






* 


psec 




Sample Mode. Output Slew Rate 




160 










VZ/usec 




Full Power Bandwidth 




1 










MHz 




Small Signal Bandwidth 




16 










MHz 


^H|^g| 


Hold Mode Feedthrough Rejection 
















kI 


(10V square wave input) 


±0 03 


±0 005 




* 






% 


■sfl 


SAMPLE/HOLD OUTPUT | 




Voltage Range 


±10 25 ±11 




* 


* 




V 




Output Current 


±50 




* 






mA 


(/> 


Short Circuit Protection 


Indefinite to Commo 


n 










Output Impedance (at DC) 


1 0.01 


01 




* 


* 





oc 


INPUT BUFFER CHARACTERISTICS [SHC803 only] 


lU 


INPUT 
















u. 


Offset Voltage 




±1/2 


±5 






* 


mV 


J 


vs Temperature 




±15 


±2 5 






* 


ppm of FSR/°C 


a 


Bias Current 






±25 








nA 


Impedance 




10''||5 










OllpF 


V,N Range 


±10.25 


±11 




* 






V 


DYNAMIC CHARACTERISTICS 
















Q 


Full Power Bandwidth 




320 










kHz 


J 


Slew Rate"" 




10 










V///sec 


i 


Settling Time'** to ±2mV for 10V Step 




2.5 










/usee 


OUTPUT 
















VouT Range 


±10 25 












V 


Output Current 


±10 25 






* 




, 


mA 


■Jl 


















Q. 



^ 
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ELECTRICAL [CONT] 
















MODEL 


SHC803/SHC804BM 


SHC803/804CM 


UNITS 


PARAMETER 


MIN 


TVP 


MAX 


MIN 


TYP 1 MAX 


POWER SUPPLY REQUIREMENTS | 


Rated Voltage ±Vcc 


±13 5 


'±15 


±16 5 








V 


Vdd 


+4 75 


+5 00 


+5 25 






* 


V 


Quiescent Current (no load) 
















SHC804 +Vcc 




30 


35 






* 


mA 


-Vcc 




15 


20 








mA 


Vdd 




5 


10 








mA 


SHC803 +Vcc 




33 


40 






* 


mA 


-Vcc 




18 


25 








mA 


Vdd 




5 


10 








mA 


Power Dissipation SHC804 




700 


875 






* 


mW 


SHC803 




790 


1100 








mW 


TEMPERATURE RANGE | 


Specification 


-25 




+85 








°C 


Storage 


-55 




+125 


* 






°C 



*Specification same as SHC803/SHC804BM, 

NOTE S (1) FSR means Full Scale Range and is 20V for SHC803 and SHC804 (2) Sensitivity of Offset plus Charge Offset (3) With respect to HOLD For 
HOLD add 5nsec typical (4) With buffer connected to the sample/hold amplifier 

MECHANICAL 



i. 



E 



CASE Nickel-plated steel 

MATING CONNECTOR 245MC 

WEIGHT 8 4 grams (0.3OZ) 

HERMETICITY Conforms to method 1014 
Condition C Step 1 
(fluorocarbon) of 
MIL-STD-883 (gross leak) 



u 



zjijjiiimii 

— H I*— H — «4«— I 



I — I 

_ Pin numbers shown for reference only 
Numbers may not be marked on package 



NOTE Leads in true position within 010" 
( 25mm) R at MMC at seating plane 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1 365 


1 385 


34 67 


35 18 


B 


790 


810 


20 07 


20.57 


C 


' 170 


250 


4 32 


6 35 


D 


016 


021 


41 


0.53 


G 


100 BASIC 


2 54 BASIC 1 


H 


125 


150 


3 18 


381 1 


K 


150 


300 


381 


7 62 1 


L 


600 BASIC 


15 24 BASIC 1 


__ R 


080 1 110 


2 03 1 2 79 1 



CONNECTION DIAGRAMS 



VoutO 

© 
© 

SHC803CM, © 
BM 


© 


© 



DIGITAL 

POWER 

SUPPLY 

COM 



ANALOG OUTPUT +Vcc 



NC 
NC 
NC 
NC 
NC 
NC 
NC 
Vdd 

DCOM 
HOLD 
HOLD 



Vcc COM 

-Vc 

COM 

NC 

NC 

NC 

BUFFER IN 

NC 

COM 

BUFFER OUT 

S/HIN 



^^ 



® 
© 
© 

©- 

© 
©- 



©1 
©J 



+15V 
COM 
15V 



ANALOG 
POWER 
SUPPLY 



VoutO- 



? 



SIGNAL 
SOURCE 



-© 
© 
© 
© 

SHC804CM,© 
BM 

© 

© 
© 



DIGITAL 

POWER 

SUPPLY 

COM 



ANALOG OUTPUT +Vcc 



NC 
NC 
NC 
NC 
NC 
NC 
NC 

Vdd 

DCOM 
HOLD 
HOLD 



Vcc COM 

-V, 

COM 

NC 

NC 

NC 

NC 

NC 

COM 

NC 

S/HIN 



©X— 
©2-rf] 



©— 

© 

© 

© 

© 

© 

©- 

© 

©- 



+t5V 

COM ANALOG 

POWER 

-ISVSUPPLY 



, SISNAL 

^SOURCE 

9 
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ABSOLUTE MAXIMUM RATINGS 



Input Overvoltage ±15V 

+Vcc to Vcc COMMON to +18V 

-Vcc to Vcc COMMON to -18V 

Voltage on Digital Inputs 

(pins 11 and 12) -0.5V to +7V 

Power Dissipation 1500mW 

Vdd to DCOM -0.5V 

Analog Output Indefinite Short to Vcc COM 

NOTE: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent 
damage to the device. Exposure to absolute maxi- 
mum conditions for extended periods may affect 
device reUability. 



PIN ASSIGNMENTS 




Pin 


Name 


Description 


1 


Sample/Hold Output 


Analog voltage output 


2 


NC 


Not connected 


3 


NC 


Not connected 


4 


NC 


Not connected 


5 


NC 


Not connected 


6 


NC 


Not connected 


7 


NC 


Not connected 


8 


NC 


Not connected 


9 


Vdd 


Logic supply 


10 


DCOM 


Logic supply common 


11 


HOLD 


Logic "1" = HOLD 


12 


HOLD 


Logic "O" = HOLD 


13 


S/HIn 


SHC804 input, for SHC803 connect 
pin 13 to pin 14 


14 


Buffer Out, SHC803 only 


Not connected for SHC804 


15 


COM 


Signal common 


16 


NC 


Not connected 


17 


Buffer In, SHC803 only 


Not connected for SHC804 


18 


NC 


Not connected 


19 


NC 


Not connected 


20 


NC 


Not connected 


21 


COM 


Signal Common 


22 


-Vcc 


-15V supply 


23 


Vcc COM 


Analog power common, connected 
to case 


24 


+Vcc 


H-15V supply 



DISCUSSION OF 
SPECIFICATIONS 

Throu gh put Nonlinearit y is defined as total Hold mode, 
nonadjustable, input to output error caused by charge 
offset, gain nonlinearity, droop, feedthrough, and ther- 
mal transients. It is the inaccuracy due to these errors 
which cannot be corrected by Offset and Gain adjust- 
ments. 

Gain Error is the difference between the input and out- 
put voltage magnitude (in the Sample mode) due to the 
amplifier gain errors. 

Droop Rate is the voltage decay at the output when in 
the Hold mode due to storage capacitor and FET switch 
leakage current and the input bias current of the output 
amplifier. 

Feedthrou gh is the amount of output voltage change 
caused by an input voltage change when the sample/ 
hold is in the Hold mode. 



Ap erture Delay Time is the time required to switch from 
Sample to Hold. The time is measured from the 50% 
point of the Hold mode control transition to the time at 
which the output stops tracking the input. 

A perture Uncertainty Time is the nonrepeatibility of 
aperture delay time. 

Acquisition Time is the time required for the sample/ 
hold output to settle to within a given error band of its 
final value when the sample/ hold is switched from Hold 
to Sample. 

Char g e Offset (Pedestal) is the output voltage change 
that results from charge coupled into the Hold capacitor 
through the gate capacitance of the switching field effect 
transistor. This charge appears as an offset at the output. 

Sample-to-Hold Switching Transient is the switching 
transient which appears on the output when the sample/ 
hold is switched from Sample to Hold. Both the magni- 
tude and the settling time of the transient are specified. 




FIGURE 1. Definition of Acquisition Time, Droop 
and Sample-to-Hold Transient. 

OPERATION 

A simplified circuit diagram of SHC803/ 804 is shown on 
page 1. The SHC803 includes a noninverting unity-gain 
op amp to serve as a source-impedance buffer when the 
sample/ hold is used with CMOS analog multiplexers. 
The SHC804 and SHC803 are identical except for this 
buffer. 

In the Sample (track) mode the circuit acts as a unity- 
gain inverting amplifier. In the Hold mode, the capaci- 
tor, Ch, holds the value of the output at the time the unit 
was switched to the Hold mode. Additional circuits 
compensate for switching transients and provide switch 
leakage current cancellation. The amplifier provides 
high current drive and low output impedance to external 
loads. 



GAIN, OFFSET, CHARGE OFFSET 

SHC803 and SHC804 have been internally-trimmed to 
eliminate the need for external trim potentiometers for 
Gain, Offset (in Sample mode) and Charge Offset (Ped- 
estal). System Gain and Offset errors can be adjusted 
elsewhere in the system, at an input amplifier preceding 
the sample/ hold, or at an analog-to-digital converter fol- 
lowing the sample/ hold. 



O 
00 
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INSTALLATION 

GROUNDING AND BYPASSING 

SHC803 and SHC804 have four COMMON pins (pins 
10, 15, 21, and 23) and all must be tied together and 
connected to the system analog common (VccCOM) as 
close to the package as possible. It is preferable to have a 
large ground plane surrounding the sample/ hold and 
have all four common pins soldered directly to it. Note 
that the metal case is internally connected to pin 23; 
therefore, care must be taken to avoid a ground loop if 
the case is allowed to contact the ground plane. 
Most digital return currents pass through pin 10. Noise 
from the switch-drive circuit may couple directly into the 
main op amp summing junction, a very noise-sensitive 
node. Care must be taken to insure that no voltage dif- 
ferences occur between pin 10 and the other common 
pins. This is the reason pin 10 must be connected directly 
to the ground plane. 

For the same reason, the logic supply should be kept as 
free of noise as possible, ±Vcc supply lines (pins 24 and 
22) are internally bypassed to common with 0.01/uF 
capacitors. It is recommended that the user install addi- 
tional external 0.1/xF to l/xF tantalum bypass capacitors 
at each supply pin. 

SAMPLE/HOLD CONTROL 

A TTL logic "0" at pin 11 (or a logic "1" at pin 12) 
switches the SHC803/804 into the Sample (track) mode. 
In this mode, the device acts as a unity-gain inverting 
amplifier, the output following the inverse of the input. 
A logic "1" at pin 11 (or a logic "0" at pin 12) will switch 
the SHC803/804 into the Hold mode. The output vol- 
tages will be held constant at the value present when the 
Hold command is given. 

If pin 11 is used, pin 12 must be connected to the DCOM 
(pin 10). If pin 12 is used, pin 11 must be tied to Vdd. 
Using the HOLD and HOLD inputs as a logic function 
may adversely affect the charge offset (pedestal). A clean 
digital signal (no overshoot) at the HOLD or HOLD 
inputs will also reduce charge offset errors. Pins II and 
12 present less than one standard TTL load (two LSTTL 
loads) to the digital drive circuit. 

OUTPUT LOADING 

Care must be taken when loading the output of the 
SHC803/804 to avoid possible oscillations, current lim- 
iting and performance variations over temperature. 
The maximum capacitive load to avoid oscillations is 
about 300pF. Recommended resistive load is 5000 or 
more, although values as low as 2500 may be used. 
Acquisition and sample-to-hold settling times are rela- 
tively unaffected by resistive loads down to 250O in 
parallel with capacitive loads up to lOOpF. Higher capaci- 
tances will affect acquisition and settling times. 

ANALOG SIGNAL SOURCE CONSIDERATIONS 

The output impedance of the signal source driving the 
SHC804 will affect the accuracy of the sample and hold 
operation both statically (at DC) and dynamically. The 



ouput impedance of the signal source should be low and 
remain low over a wide bandwidth. A small capacitor at 
the driving source may help to improve the charge offset 
errors that are affected by dynamic source impedance. 

SHC803 BUFFER AMPLIFIER 

The buffer amplifier incorporated in the SHC803 pro- 
vides appropriate drive characteristics to the sample/ 
hold amplifier. Again a 20pF to 50pF capacitor added to 
the output of the buffer amplifier may improve charge 
offset performance. 

The buffer amplifier is optimized for fast settling with 
lOVp-p signals. However, for step input signals greater 
than lOV, a protection network (Figure 2) is required to 
prevent the buffer from overload, resulting in excessive 
settling time. 

The data sheet for the Burr-Brown model ADC803 
analog-to-digital converter contains a sample printed 
circuit board layout incorporating many of the above 
considerations. 




FIGURE 2. SHC803 Buffer Amplifier Protection For 
Input Steps Greater Than lOV. 

APPLICATIONS 

SIGNAL DIGITIZATION 

Sample/ hold amplifiers are commonly used to hold 
input voltages to an A/D converter constant during 
conversion. Digitizing errors result if the analog signal 
being digitized varies excessively during conversion. 
For example, the Burr-Brown ADC803 is a 12-bit succes- 
sive-approximation converter with a 1.5Aisec conversion 
time. To insure the accuracy of the output data, the 
analog input signal to the A/D converter must not 
change more than 1/2LSB during the conversion. 
The maximum rate of change for sine wave inputs is 
dv/dt (max) = 27rAf(V/sec). If one allows a 1/2LSB 
change (2.44mV) for a ±10V input swing to the A/D 
converter, the allowable input rate-of-change limit would 
be 2.44mV/1.5iusec = 1.63mV//xsec. Thus the sampled 
sinusoidal signal frequency limit is 

f = (1.63 X 10')/27rA = 259/ A(Hz) 

where A is the amplitude of the sine wave. For a ±10V 
sine wave this corresponds to a frequency of 26Hz. 
A sample/ hold in front of the A/D converter "freezes" 
the converter's input signal whenever it is necessary to 
make a conversion. The rate-of-change limitation calcu- 
lated above no longer exists. If a sample/ hold has 
acquired an input signal and is tracking it, the sample/ 
hold can be commanded to hold at any instant. There is 



Burr-Brown IC Data Book 



8-30 



Vol 33 



a short delay between the time the hold command is 
asserted and the time the circuit actually holds. This 
delay is called aperture delay. The hold command signal 
can usually be advanced in time to cause the amplifier to 
hold when one wants it to hold. 

The uncertainty in aperture delay, called aperture jitter, 
is a key consideration. For the SHC803/804 there is a 
25psec maximum period during which the input signal 
should not change, for example, more than 1/2LSB for 
12-bit systems. For a ±10V input range (I/2LSB = 
2.44m V), the input signal rate of change limitation is 
2.44mV/25psec = 97.6V/ /xsec. The equivalent input sine 
wave frequency is 

f = 97.6 X 10'/27rA = 15.5/ A(MHz), 

60,000 times higher than using the A/ D alone. 

However, there are other considerations. The resampling 
rate of an ADC803 is 1.5)usec (A/D conversion time) + 
0.3jLtsec (sample/ hold acquisition time) = 1.8/Ltsec. If one 
samples a sine wave at the Nyquist rate this permits 
sampling a frequency of 278kHz. The above analysis 
assumed that the droop rate of the sample/ hold is negligi- 
ble — less than 1/2LSB during the conversion time — and 
that the large signal bandwidth response of the sample/ 
hold causes negligible waveform distortion. 

USING THE SHC804 WITH THE ADC803 

ADC803 is a 1.5/Ltsec, 12-bit successive approximation 
A/ D converter. Its input circuitry has been designed to 
minimize high frequency current transients that appear 
at the input of successive approximation A/ D conver- 
ters. The SHC803 and SHC804 have been designed with 
a fast-settling, low output-impedance amplifier to further 
minimize the effects of high frequency transient currents 
present in an output load. 

A typical SHC804/ADC803 connection for high-speed 
digitization is illustrated in Figure 3. A short delay must 
occur before the A/D start command is asserted since 
the ADC803 makes its first conversion decision lOOnsec 
after the start command is asserted. Because the SHC804 
sample-to-hold settling time is ISOnsec (maximum) the 
additional delay required is about 50nsec. This can be 
achieved using a one-shot or by using the delay provided 
by the six inverters of a hex inverter integrated circuit. 
This combination can be triggered at rates of over 500k 
samples per second. 

Using the input buffer of the SHC803 provides a high 
input impedance sample/ hold for CMOS analog multi- 
plexers such as the high speed Burr-Brown MPC800. 
The high input impedance of the SHC803 buffer minimi- 
zes DC errors caused by the ON resistance of the multi- 
plexer switches and/ or relatively high impedance signal 
sources (Figure 4). The multiplexer can be switched to a 
new channel as soon as the SHC803 is switched to the 
Hold mode. The multiplexer/ buffer combination settles 
to the new input value during the sample/ hold acquisi- 
tion time and A/D conversion time. This "overlap" 
technique results in little or no loss in throughput rate. 



-® 



SHCOM 



W^ 



G> 



ANALOG INPUT 
A0C803 
A/0 CONVERTER 
START 



SOnsec 
OELAY 



START CONVERSION 



FIGURE 3. SHC804 and ADC803 Provide Sampling 
Rates Over 500k Samples Per Second. 
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FIGURE 4. Using SHC803 With The MPC800 Analog 
Multiplexer. 
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BURR -BROWN 





SHC5320 



High Speed 

Bipolar IVIonolithic 

SAIVIPLE/HOLD AIVIPLIFIER 



FEATURES 

• 1.5/iSeG max ACQUISITION TIME TO 0.01% 

• 250nsec max HOLD MODE SETTLING TIME 

• 0.5/yV///sec max DROOP RATE AT +25° C 

• TWO TEMPERATURE RANGES: 
0°Cto+75°C(KHl 
-55°Cto+125°C(SH) 

• FULL DIFFERENTIAL INPUTS 

• INTERNAL HOLDING CAPACITOR 

• 14-PIN CERAMIC DIP PACKAGE 

DESCRIPTION 

The SHC5320 is a bipolar monolithic sample/ hold 
circuit designed for use in precision high-speed data 
acquisition applications. 

The circuit employs an input tranconductance ampli- 
fier capable of providing large amounts of charging 
current to the holding capacitor, thus enabling fast 
acquisition times. It also incorporates a low leakage 
analog switch and an output integrating amplifier 



with input bias current optimized to assure low 
droop rates. Since the analog switch always drives 
into a load at virtual ground, charge injeption into 
the holding capacitor is constant over the entire 
input voltage range. As a result, the charge offset 
(pedestal voltage) resulting from this charge injec- 
tion can be adjusted to zero by use of the offset 
adjustment capability. The device includes an inter- 
nal holding capacitor to simplify ease of application; 
however, provision is also made to add additional 
external capacitance to improve the output voltage 
droop rate. 

The SHC5320 is manufactured using a dielectric iso- 
lation process which minimizes stray capacitance 
(enabling higher-speed operation), and eliminates 
latch-up associated with substrate SCRs. The 
SHC5320KH features fully specified operation over 
the temperature range of 0°C to +75°C, while the 
SHC5320SH operates over the temperature range of 
-55°C to +125°C. The device requires +15V sup- 
plies for operation, and is packaged in a reliable 
14-pm ceramic dual-in-line package. 
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SPECIFICATIONS 



ELECTRICAL 

At +25°C, rated power supplies, gam = +1, and with internal holding capacitor, unless otherwise noted 



MODEL 


SHC5320KH 


SHC5320SH 


UNITS 




MIN 


TYP 


MAX 


MIN 1 TYP 1 MAX 


INPUT CHARACTERISTICS | 


ANALOG 
















Voltage Range 


±10 












V 


Common-Mode Range 


±10 












V 


input Resistance 


1 


5 










MQ 


Input Capacitance 






3 








PF 


Bias Current 




±100 


±300 




±70 


±200 


nA 


Bias Current Over Temperature Range 






±300 






±200 


nA 


Offset Current 




±30 


±300 






±100 


nA 


Offset Current Over Temperature Range 






±300 






±100 


nA 


DIGITAL (over temperature range) 
















V.H (Logic "1") 


20 












V 


ViL (Logic "0") 






08 








V 


liH (V, = +5V) 






01 








//A 


liL (Vi = OV) 






4 






10 


^J^ 


Logic "0" - SAMPLE 
















Logic "1" = HOLD 
















OUTPUT CHARACTERISTICS | 


Voltage Range 


±10 












V 


Current 


±10 












mA 


Output Impedance (Hold Mode) 




1 













Capacitance Load for Stability 




300 










pF 


Noise, DC to 10MHz Sample Mode 




125 


200 








yuV rms 


Hold Mode 




125 


200 








yuV rms 


DC ACCURACY/STABILITY | 


Gam, Open Loop, DC 


3X10^ 


2X10® 




10® 






V/V 


Input Offset Voltage 




±0 5 






±0 2 




mV 


Input Offset Voltage Over Temperature Range 






±1 5 






±2 


mV 


Input Offset Voltage Drift 




±5 


±20 






±15 


/yV/°C 


CMRR'" 


72 


90 




80 






dB 


Power Supply Rejection'^' +Vcc 


80 












dB 


-Vcc 


65 












dB 


HOLD-TO-SAMPLE MODE DYNAMIC CHARACTERISTICS | 


Acquisition Time, A = -1, 10V Step'^' 
















to ±0 01% 




1 


1 5 








//sec 


to ±0 1% 




08 


12 








iusec 


SAMPLE MODE | 


Gam-bandwidth Product (Gam = +1)"*' 
















Ch = 100pF 




2 










MHz 


Ch = lOOOpF 




180 










kHz 


Full Power Bandwidth'^' 




600 










kHz 


Slew Rate'®' 




45 










V/A(sec 


Rise Time"" 




100 










nsec 


Overshoot'*' 




15 










% 


SAMPLE-TO-HOLD MODE DYNAMIC CHARACTERISTICS | 


Aperture Time'^' 




25 










nsec 


Effective Aperture Time 


-50 


-25 











nsec 


Aperture Uncertainty (Aperture Jitter) 




03 










nsec 


Charge Offset (Pedestal)'^' (adjustable to zero) 




1 










mV 


Charge Transfer'^' 




01 


05 








pC 


Sample-to-Hold Transient Settling Time 
















to ±0 01% of FSR 




165 


250 








nsec 


HOLD MODE | 


Droop'®' 




08 


05 








fj\J/fjsec 


Droop at Maximum Temperature 




1 2 


100 




17 




//V//isec 


Drift Current'®' 




8 


50 




* 




pA 


Drift Current at Maximum Temperature 




012 


10 




1 7 




nA 


Feedthrough, 10V p-p, 100kHz smewave 




2 










mV 


POWER SUPPLIES 1 


+Vcc 


+14 5 


+15 


+16 




* 




V 


-Vcc 


-145 


-15 


-16 








V 


+ lcc (+Vcc = 15V)'^' 




11 


13 








mA 


-lcc(-Vcc = 15V)'^' 




-11 


-13 




* 




mA 
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ELECTRICAL (CONT) 



MODEL 


SHC5320KH 


SHC5320SH 


UNITS 




MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


TEMPERATURE RANGE | 


Specification 
Storage 



-65 




+75 
+ 150 


-55 




+ 125 


? 



"Specification same as grade to the left 

NOTES (1) VcM = ±5VDC (2) Based on a ±0 5V swing for each supply with all other supplies held constant (3) Vo - lOV step, Rl 2kQ, Cl 
50pF (4) Vo = 200nnV p-p, Rl = 2kn, Cu = 50pF (5) Vin = 20V p-p, Rl ^ 2kQ, Cl = 50pF, unattenuated output (6) Vo 20V step, Rl 2kn, Cl 
50pF (7) Simulated only, not tested (8) Vin - OV, Vih - +-3 5V, tp ''' 20nsec (Vil to Vih) (9) Specified for zero differential input voltage between pins 1 
and 2 Supply current will increase with differential input (as may occur in the Hold mode) to approximately + 28mA average at 20V differential 



ABSOLUTE MAXIMUM RATINGS" 



CONNECTION DIAGRAM 



Voltage Between +Vcc and - 


Vcc Terminals 


. 40V 


Input Voltage 




Actual Supply Voltage 


Differential Input Voltage 




. . ±24V 


Digital Input Voltage 




+ 8V, -15V 


Output Current, continuous'^ 




±20mA 


Internal Power Dissipation 




450mW 


Storage Temperature Range 




-65°C < Ta < +150°C 


Output Short-circuit Duration 


31 


None 


Lead Temperature (soldering, 


10 seconds) 


300°C 


CAUTION: These devices are 


sensitive to electrostatic discharge. 1 


Appropriate I.C. handling procedures should be followed. 1 



NOTES (1) Absolute maximum ratings are limiting values, applied indi- 
vidually, beyond which the serviceability of the circuit may be impaired 
Functional operation under any of these conditions is not necessarily 
implied (2) Internal power dissipation may limit output current to less 
than +20mA (3) WARNING: This device cannot withstand even a 
momentary short circuit to either supply. 

PIN ASSIGNMENTS 



Pin 1 


-Input 


14 


Mode Control 


2 


+ lnput 


13 


Supply Common 


3 


Offset Adjust 


12 


NC 


4 


Offset Adjust 


11 


External Hold Capacitor 


5 


-Vcc 


10 


NC 


6 


Reference Common 


9 


+Vcc 


7 


Output 


8 


Bandwidth Control 



BURN-IN SCREENING 

Burn-in screening is an option available for the models 
in the Ordering Information table. Burn-in duration is 
160 hours at the indicated temperature (or equivalent 
combination of time and temperature). 




All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 



ORDERING INFORMATION 



Model 


Temperature 
Range 


Input Offset 
Over Temp. Range 


SHC5320KH 
SHC5320SH 


0°C to +75°C 
0°C to +75°C 


±1 5mW 
±2mW 


BURN-IN SCREENING OPTION 

See text for details 


Model 


Temperature 
Range 


Burn-In Temp 
(160 hours)'" 


SHC5320KH-BI 
SHC5320SH-BI 


0°C to +75°C 
0°C to +75°C 


+125°C 
+125°C 



NOTE (1 ) Or equivalent combination of time and temperature 



Burr-Brown IC Data Book 



8-34 



Vol. 33 



MECHANICAL 
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DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


- 


.790 


- 


20.07 


B 


.220 


.310 


5.59 


7.87 


c 


> 


.185 


- 


4.70 


D 


.014 


.023 


6.36 


0.58 


F 


.030 


.070 


0.76 


1.78 


G 


.100 BASIC 


2.54 BASICI 


H 


- 


.098 


- 


2.4S 


J 


.009 


.012 


0.20 


0.3p 


K 


.140 


.260 


3.56 


6.6C 


L 


.290 


.320 


7.37 


8,13 


M 


0* 


16» 


0« 


16» 


N 


.016 


.060 


0.38 


1.52 


R 


.126 


.200 


3.18 


5.08 



TYPICAL PERFORMANCE CURVES 



TYPICAL SAMPLE/HOLD PERFORMANCE 
AS FUNCTION OF HOLDING CAPACITOR 



CHARGE OFFSET 
VS MODE CONTROL (V,h) VOLTAGE 




1000 10k 100k 

Ch Value (pF) 



OPEN-LOOP GAIN 
AND PHASE RESPONSE 



1 10 100 Ik 10k 100k 

Frequency (Hz) 

DISCUSSION OF 
SPECIFICATIONS 

WHAT IS A SAMPLE/HOLD AMPLIFIER? 

A sample/ hold amplifier (also sometimes called a track- 
and-hold amplifier) is a circuit that captures and holds 
an analog voltage at a specific point in time under con- 
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trol of an external circuit, such as a microprocessor. This 
type of circuit has many applications; however, its prim- 
ary use is in data acquisition systems which require that 
the voltage be captured and held during the analog-to- 
digital conversion process. Use of a sample/ hold effec- 
tively increases the bandwidth of a data acquisition sys- 
tem by a significant amount. For further discussion of 
this capability, refer to "Signal Digitization" in the 
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Applications section of this data sheet. 

The ideal sample/ hold amplifier in its simplest form con- 
tains four primary components as illustrated in Figure 1, 
although in actual practice they may not be internally 
connected exactly as shown. Amplifier Ai, the input 
buffer, provides a high impedance load to the source 
circuit and supplies charging current to the holding 
capacitor Ch. Switch Si opens and closes under external 
control to gate the buffered input signal to the holding 
circuit or to remove it so that the most recently sampled 
signal will be held. Amplifier A2 serves to present a high 
impedance load to the holding capacitor and to provide 
a low impedance voltage source for external loads. A 
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FIGURE 1. Ideal Sample/ Hold Amplifier. 

minimum of three terminals are provided for the user: 
input, output, and mode control (or sample/ hold con- 
trol). When Si is closed, the output signal follows the 
input signal, subject to errors imposed by amplifier 
bandwidth and other errors as discussed below. When Si 
is opened, the voltage stored on the holding capacitor 
will be held indefinitely (in the ideal case), and will 
appear at the output of the circuit until Si is again closed 
under command of the mode control signal. 
The following discussion of specifications covers the crit- 
ical types of errors which may be experienced in applica- 
tions of a sample/ hold amplifier. These errors are 
depicted graphically in Figure 2, and in the Typical Per- 
formance Curves. ' 



SAMPLE-TO-HOLDi 
TRANSIENT AND ^— 
CHARGE OFFSET ^ 



SLEW RATE 
LIMITED 




OFFSET 



SAMPLE 



SAMPLE 



FIGURE 2. Illustration of Sample/ Hold Specifications. 

Acquisition Time is the time required for the sample/ 
hold output to settle within a given error band of its final 
value after the sample mode is initiated. Included in this 
time are effects of switch delay time, slew rate of the 



buffer amplifier, and settling time for a specified change 
in held voltage value. Slew rate limitations of the buffer 
amplifier will cause actual acquisition time to be highly 
dependent on the amplitude of the voltage to be acquired, 
relative to the value already held by the capacitor. There- 
fore, proper specification of sample/ hold amplifier per- 
formance includes definition of both output value step 
size and required error band accuracy. 
A perture Time (or aperture delay time) is the time 
required for switch Si to open and remove the charging 
signal from the capacitor after the mode control signal 
has changed from "sample" to "hold". This time is mea- 
sured from the 50% point of the Hold mode transition to 
the time at which the output stops tracking the input. 
This parameter is very important in applications for 
which the input signal is changing very rapidly when the 
Hold mode is initiated. 

Effective Aperture Time is the difference in propagation 
delay times of the analog signal and the mode control 
signal from their respective input pins to switch Si. This 
time may be negative, zero, or positive. A negative value 
indicates that the mode control propagation delay is 
shorter than the analog propagation delay, with the 
result that the analog value present on the capacitor at 
the time the switch opens occurred earlier than the appli- 
cation of the mode control signal by the amount of the 
effective aperture delay time. 

A perture Uncertaint y (or aperture jitter) is the variation 
observed in the aperture time over a large number of 
observations. This parameter is important when the 
analog input is a rapidly changing signal, as aperture 
uncertainty contributes to lack of knowledge (at the out- 
put) about the true value of the input at the precise time 
the Hold mode is initiated. The maximum input fre- 
quency for a given acceptable error contribution due to 
aperture uncertainty is 

fmax = Maximum Fractional Error/ 27rtu 

where Maximum Fractional Error (MFE) is the ratio of 
the maximum allowable error voltage to peak voltage, 
and tu is the aperture uncertainty time. For a bipolar 
±10V signal and a maximum uncertainty error of 1/2LSB 
in a 12-bit system, the MFE is equal to 1/2LSB -^ Vpeak 
= 2.44mV ^ lOV = 0.000244V/V, since 1/2LSB = 
2.44mV for a 20V full-scale range. 

For the same system operating with a unipolar OV to lOV 
signal, MFE would be 0.000122V/V. 
Char g e Offset (pedestal) is the output voltage change 
that results from charge transfer into the hold capacitor 
through stray capacitance when the Hold mode com- 
mand is given. This charge appears as an offset voltage 
at the output, and in some sample/ hold amplifiers may 
be a function of the input voltage. 

Charge offset is specified for the SHC5320 using only the 
internal holding capacitor. When an external capacitor 
is added, charge offset is calculated as Charge Transfer 
(pC) divided by total hold capacitance. Charge Transfer 
is also specified for the SHC5320, and total hold capaci- 
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tance is the sum of the internal hold capacitor value 
(lOOpF) and the external hold capacitor. Since charge 
transfer is not a function of analog input voltage for the 
SHC5320, this error may be removed by means of the 
offset adjustment capability of the amplifier. 
Droop Rate is the change in output voltage over time 
during the Hold mode as a result of hold capacitor leak- 
age, switch leakage, and bias current of the output 
amplifier. Droop rate varies with temperature and the 
quality of the external holding capacitor, if used. Careful 
circuit layout is also required to minimize droop. 
Drift Current is the net leakage current affecting the 
hold capacitor during the Hold mode. With knowledge 
of the drift current, droop can be calculated as: 

Droop (V/sec) = Id(pA)/Ch(pF) 

Hold Mode Feedthrou gh is the fraction of the input 
signal which appears at the output while in the Hold 
mode. It is primarily a function of switch capacitance, 
but may also be increased by poor layout practices. 
Hold Mode Settlin g Time is the time required for the 
sample-to-hold transient to settle within a specified error 
band. 

OPERATING INSTRUCTIONS 

OFFSET ADJUSTMENT 

The offset should be adjusted with the input grounded. 
During the adjustment, the sample/ hold should be 
switching continuously between the Sample and the 
Hold modes. The offset should then be adjusted to zero 
output for the periods when the amplifier is in the Hold 
mode. In this way, the effects of both amplifier offset 
and charge offset will be accounted for. 

SAMPLE/HOLD CONTROL 

A TTL logic "0" applied to pin 14 switches the SHC5320 
into the Sample (track) mode. In this mode, the device 
acts as an amplifier which exhibits normal operational 
amplifier behavior, with the relationship of output to 
input signal depending upon the circuit configuration 
selected (see the Installation section below). Application 
of a logic "1" to pin 14 switches the SHC5320 into the 
Hold mode, with the output voltage held constant at the 
value present when the hold command is given. Pin 14 
presents less than one LSTTL load to the driving circuit 
throughout the full operating temperature range. 

ADDITION OF AN EXTERNAL CAPACITOR 

The SHC5320 contains an internal lOOpF MOS holding 
capacitor, sufficient for most high-speed applications. If 
improved droop performance is desired (with increased 
acquisition time), additional capacitance may be added 
between pins 7 and 11. If an external holding capacitor 
Ch is used, then a noise-bandwidth capacitor with a value 
of O.ICh should be connected from pin 8 to ground. The 
exact value and type of this bandwidth capacitor are not 
critical. 

Teflon® DuPont Corporation 



Capacitors with high insulation resistance and low dielec- 
tric absorption, such as Teflon® or polystyrene units, 
should be used as storage elements (polystyrene should 
not be used above +85°C). Care should be taken in the 
printed circuit layout to minimize leakage currents from 
the capacitor to minimize droop errors. 

The value of the external capacitor determines the droop, 
charge offset, and acquisition time of the sample/ hold. 
Both droop and charge offset will vary linearly with total 
hold capacitance from the values given in the specifica- 
tion table for the internal lOOpF capacitor. The behavior 
of acquisition time versus total hold capacitance is 
shown in the Typical Performance Curves. 

OUTPUT PROTECTION 

In order to optimize high-frequency performance of this 
device, output protection is not included. This high- 
frequency performance is mandatory for a good sample/ 
hold, which must absorb high-frequency changes in load 
current when driving a successive-approximation A/D 
converter. Due to the lack of output protection, the out- 
put circuit will not tolerate an indefinite short to com- 
mon, but a momentary short is permissible. The output 
should never be shorted to supply. 

INSTALLATION 

LAYOUT PRECAUTIONS 

Since the holding capacitor is connected to virtual 
ground at one end (pin 11) and to a low-impedance volt- 
age source at the other (pin 7), the SHC5320 does not 
require the use of guard rings and other careful layout 
techniques which are required by many sample/ hold cir- 
cuits. However, normal good layout practice should be 
observed, minimizing the possibility of leakage paths 
across the holding capacitor. As in all digital-analog cir- 
cuits, analog signal lines on the circuit board should 
cross digital signal paths at right angles whenever pos- 
sible. 

GROUNDING AND BYPASSING 

Pin 6 (REFERENCE COMMON) should be connected 
to the system analog signal common as close to the unit 
as possible. Likewise, pin 13 (SUPPLY COMMON) 
should be connected to the system supply common. If 
the system design prevents running these two common 
lines separately, they should be connected together close 
to the unit, preferably to a large ground plane surround- 
ing the sample/ hold. Bypass capacitors (0.01/xF to 0.1 juF 
ceramic in parallel with 1/uF to lO/uF tantalum) should be 
connected from each power supply terminal of the device 
to pin 13 (SUPPLY COMMON). 

OFFSET ADJUSTMENT 

Offset adjustment capability may be achieved by con- 
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FIGURE 3. Connection of Offset Adjustment 
Potentiometer. 



NONINVERTING MODE 

The most common application of the SHC5320 will util- 
ize the connection illustrated in Figure 4. In this mode of 
operation, the sample/ hold will operate as a unity-gain 
noninverting amplifier when in the Sample mode, and 
the output signal will track the input. The high band- 
width of the SHC5320 and the large open-loop gain 
assure that gain error will be minimized. 
When sampling lower-amplitude signals, the SHC5320 
may also be connected as a noninverting amplifier with 
gain, as illustrated in Figure 5. In this circuit the gain of 
the amplifier is equal to 1 + R2/R1 when sampling. 
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FIGURE 4. Noninverting Unity-Gain Connections. 
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FIGURE 5. Noninverting Configuration with Gain = 1 + R2/R 
INVERTING MODE 

Unlike most sample/ holds, the SHC5320 may also be 
connected to act as an inverting amplifier, as shown in 
Figure 6. For this configuration, the gain is equal to 
-R2/R1. 



For further discussions of operational amplifiers and 
how to use them, consult the Burr-Brown/ McGraw-Hill 
Electronics Series of reference books, available through 
your local Burr-Brown sales office. 
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FIGURE 6. Inverting Configuration with Gain 

INPUT OVERLOAD PROTECTION 

It is possible that the input transconductance amplifier 
of the SHC5320 will saturate when the unit is in the 
Hold mode, due to a nonzero differential signal appear- 
ing between pins 1 and 2. This differential signal may be 
the result of a rapidly changing input signal or applica- 
tion of a new channel from an input multiplexer. When 
the input buffer is saturated in this fashion, acquisition 
time may be degraded because of the time required for 
the buffer to recover from saturation. In addition, the 
input buffer, which is designed to provide large amounts 
of charging current to the output mtegrator, may draw 
large amounts of supply current which may exceed 
40mA peak in some applications. For these reasons, it is 
desirable to limit the differential voltage which may 
appear at the summing junction of the input buffer. Fig- 
ures 7 and 8 illustrate possible methods of providing this 




FIGURE 7. Input Overload Protection — Inverting 
Configuration. 




FIGURE 8. Input Overload Protection- 
Configuration. 



-Noninverting 



voltage limitation for the inverting and noninverting 
configurations. The diodes may be Schottky diodes, 
which will provide the fastest clamping action and lowest 
clampmg voltage, but fast signal diodes such as 1N914 
will also work in most applications. In each configuration 
the value of Ri should be large enough to avoid excessive 
loading of the input signal source. Similarly, R2 should 
have a value of 2kn or greater to insure sufficient load 
current capability from the sample/ hold. If the value of R2 
becomes too large, however, the added capacitance of the 
diodes may change the sample/ hold phase response 
enough to cause oscillation. 

APPLICATIONS 

SIGNAL DIGITIZATION 

Sample/ hold amplifiers are normally used to hold input 
voltages to an A/D converter constant during conver- 
sion. Digitizing errors result if the analog signal being 
digitized varies excessively during conversion. 
For example, the Burr-Brown ADC80H-AH-12 is a 12- 
bit successive-approximation converter with a 25)usec 
conversion time. To insure the accuracy of the output 
data, the analog input signal to the A/ D converter must 
not change more than 1/2LSB during conversion. 
The maximum rate of change of a sine wave of fre- 
quency, f, isdv/dt(max) = 27rAf(V/sec). If one allows a 
1/2LSB change (2.44mV) for a ±10V input swing to the 
A/D converter, the allowable input rate-of-change limit 
would be 2.44mV/25Msec = 0.0976mV/Msec. Thus the 
sampled sinusoidal signal frequency limit is 

f = (0.0976 X 10') / 27r A = 15.5/ A (Hz), 

where A is the peak amplitude of the sine wave. For a 
±10V sine wave, this corresponds to a frequency of 
1.6Hz, hardly acceptable for the majority of sampled 
data systems. 
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However, a sample/ hold in front of the A/D converter 
"freezes" the converter's input signal whenever it is 
necessary to make a conversion. The rate-of-change lim- 
itation calculated above no longer exists. If a sample/ 
hold has acquired an input signal and is tracking it, the 
sample/ hold can be commanded to hold it at any instant 
in time. There is a short delay (aperture delay) between 
the time the hold command is asserted and the time the 
circuit actually holds. The hold command signal can 
usually be advanced in time (or delayed, in the case of 
negative effective aperture delay) to cause the amplifier 
to hold the signal actually desired. 
Aperture uncertainty (also called aperture jitter) is also a 
key consideration. For the SHC5320 there is a 300psec 
period during which the signal should not change more 
than the amount allowed for aperture uncertainty in the 
system error budget, perhaps 1/2LSB for a 12-bit system. 
For a ±10V input range (I/2LSB == 2.44m V), the input 
signal rate of change limitation is 2.44m V/0.3nsec = 
8.I3mV/nsec. The equivalent input sine wave frequency 
is 

f = 8.13 X 10V27rA = I.29/A (MHz), 

a factor of almost 84,000 higher than using the A/D 
alone. 

However, there are other considerations. The resampling 
rate of an ADC80H/SHC5320 combination is 26.5Msec 
(25/xsec A/D conversion time plus l.S/zsec S/H acquisi- 
tion time). Sampling a sine wave at the Nyquist rate, this 
permits a maximum input signal frequency of 37.7kHz. 
The above analysis assumes that the droop rate of the 
sample/ hold is negligible — less than 1/2LSB during the 
conversion time — and that the large signal bandwidth 
response of the sample/ hold causes negligible waveform 
distortion. Both of these assumptions are valid for the 
SHC5320 in this application. 

DATA ACQUISITION 

The SHC5320 may be used to hold data for analog-to- 
digital conversion or may be used to provide pulse- 
amplitude modulation (PAM) data output (see Figures 9 
and 10). 
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FIGURE 10. PAM Output. 

DATA DISTRIBUTION 

The SHC5320 may be used to hold the output of a 
digital-to-analog converter and distribute several differ- 
ent analog voltages to different loads (see Figure 11). 

HIGH>SPEED DATA ACQUISITION 

The minimum sample time for one channel in a data 
acquisition system is usually considered to be the acqui- 
sition time of the sample/ hold plus the conversion time 
of the A/D converter. If two or more sample/ holds are 
used with a multiplexer (such as the Burr-Brown MPC8S 
or MPC16S) as shown in Figure 12, the acquisition time 
of the sample/ hold can be virtually eliminated. While 
the first channel is in hold and switched into the A/D 
converter, the multiplexer may be addressed to the next 
channel. The second sample/ hold will have acquired this 
signal by the time the conversion is complete. Then, the 
sample/ holds reverse roles and another channel is 
addressed. In low level systems an instrumentation ampli- 
fier (such as the Burr-Brown INAlOl) and a differential 
multiplexer (such as the Burr-Brown MPC4D or 
MPC8D) may be required in front of the sample/ hold. 
The settling and acquisition times of the multiplexer, 
instrumentation amplifier, and sample/ hold can be elim- 
inated from the total conversion time as before by oper- 
ating in this overlapped mode with the sample/ holds. 
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FIGURE 9. Typical Data Acquisition Configuration. 
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FIGURE 11. Typical Data Distribution Configuration. 



FIGURE 12. Typical Overlapped Sample/ Hold Configuration. 
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ANALOG-TO-DIGITAL CONVERTERS 



The Burr-Brown Analog-to-Digital (A/D) converter product line offers a 
broad selection of devices that enable you to choose the performance and 
price range ideally suited for your application. For example, the high-per- 
formance 12-bit ADC80, which converts to 12-bit accuracy in 25|as, was 
originated by Burr-Brown in 1975 and has become an industry standard. 
The recently introduced ADC603 is a 12-bit, lOMHz A/D converter that 
offers the industry's highest performance for RF signal processing applica- 
tions. A high-resolution converter, the ADC76, converts 16 bits to ±0.003% 
absolute accuracy in only 15|is and is packaged in a 32-pin triple-wide dual- 
in-line package. Another performance category is total harmonic distortion 
for audio digital recording. 

All devices are complete and fully specified, with a track record of high 
reliability proven both in the field as well as in intemal qualification testing. 
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ANALOG-TO-DIGITAL CONVERTERS 

SELECTION GUIDES 

The Selection Guide shows parameters for the high grade. Refer to the 
Product Data Sheet for a full selection of grades. Models shown in boldface 
are new products introduced since publication of the previous Burr-Brown IC 
Data Book. 



INSTRUMENTATION ANALOG-TO-DIGITAL CONVERTERS 










Boldface = NEW 


Description 


Resolution 
Model (Bits) 


Conv 
Linearity Input Time 
Error (%FSR) Range (V) (|iis) 


Reso- Temp 
lution Range<i) 


Pkg(2) 


Q, Bl<3) 
Screen 


Page 


Serial Output 


ADC804 


12 


±0.012 


5,10,20 U/B<*> 


17 


12 


Mil,lnd,Com 


HCD 


Q, Bl 


9.1-78 


Low Cost 
Data-Bus 
Interface 


ADC574A 

ADC674 

ADC774 


12 
12 
12 


±0.012 
±0.012 
±0.012 


10,20U/B 
10,20U/B 
10,20U/B 


25 
15 
8 


12 
12 
12 


Mil,lnd,Com 
Mil,lnd,Com 
Mil,lnd,Com 


HCD, PDIP 
HCD, PDIP 
HCD, PDIP 


Q, Bl 
Q, Bl 
Q, Bl 


9.1-52 
9.1-62 
9.1-75 


Sampling 
Data-Bus 
Interface 


ADS807 
ADS808 


12 
12 


±0.012 
±0.012 


10,20U/B 
10,20U/B 


10 
10 


12 
12 


Mil,lnd,Com 
Mil,lnd,Com 


HCD 
HCD 


Q,BI 
Q,BI 


9.1-86 
9.1-86 


Low Cost 


ADC80AG 
ADC80MAH 


12 
12 


±0.012 
±0.012 


5, 10,20U/B 
5,10,20U/B 


25 
25 


12 
12 


Ind 
Ind 


HCD 
HCD 


0, Bl 
Q, Bl 


9.1-20 
9.1-36 


Medium Speed, 
Low Cost 


ADC84KG 
ADC85H 


12 
12 


±0.012 
±0.012 


5,10,20U/B 
5,10,20U/B 


10 
10 


12 
12 


Ind 
Com 


HCD 
HCD 


Q^BI 
Q,BI 


9.1-44 
9.1-44 


Medium Speed, 
Low Cost, 
Mil Temp 


ADC87H 


12 


±0.012 


5, 10, 20 U/B 


10 


12 


Mil 


HCD 


Q,BI 


9.1-44 


Highi-Resolution ADC700 
Data-Bus Interface 


16 


±0.003 


5,10,20U/B 


17 


14 


Mil, Ind, Com HOD 


Bl 


9.1-72 


High 
Resolution 


ADC71 
ADC72 
ADC76 


16 
16 
16 


±0.003 
±0.003 
±0.003 


5, 10, 20 U/B 
5, 10, 20 U/B 
5, 10, 20 U/B 


50 
50 
17 


14 
14 
14 


Ind, Com 
Ind, Com 
Ind, Com 


CD 
MC 
CD, MC 


Q, Bl 
Q, Bl 
Q, Bl 


9.1-4 
9.1-4 
9.1-12 



NOTES: (1 ) Temperature Range: Com = 0°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to +1 25°C. (2) HCD = Hermetic Ceramic 
DIP, PDIP = Plastic DIP, CD = Ceramic DIP, MC * Metal Can. (3) Q indicates optional reliability screening is available for this model. 
Bl indicates that an optional 160 hour burn-in is available for this model. (4) U/B indicates the input voltage range for the model: 
U = unipolar, B = bipolar. 
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AUDIO, COMMUNICATIONS, DSP ANALOG-TO-DIGITAL CONVERTERS 




Boldface = NEW 


Description 


Model 


Resolution 
(Bits) 


Linearity 
Error (%FSR) 


Input 

Range 

(V) 


Conv 
Time 


THD+N 
(TypdB) 


Temp 
Range(i) 


Q(3) 

Pkg(2) Screen 


Page 


Ultra-High 
Speed 


ADC600 
ADC603 


12 
12 


±0.012 
±0.012 


±1.25 
±1.25 


0.1 
0.1 


68 
68 


Com, Ind 
Com, Mil 


Module 
Special 
HDIP 


9.2-89 
9.2-110 


High 
Speed 


ADC803 
ADC601 


12 
12 


±0.012 
±0.012 


10V/20V 
10V/20V 


1.5 
1.0 


NA 
70 


Ind, Mil 
Ind, Mil 


HMD Q 
HCD 


9.2-124 
9.2-107 


Very High 
Accuracy, 
High Speed 


ADC701 


16 


±0.0035 


10V/20V 


1.5 


94 


Com 


40-pDIP — 


9.2-118 



Model 


(Bits) 


Linearity 


(V) 


(^s) 


(V., = ±FS) 


Format 


Pkg 


Page 


High PCM75 
Performance 


16 


15-Bit 
14-Bit 


±2.5, ±5 
±10V 


17 


-84dB (JG) 
-^BdB (KG) 


Parallel 
or Serial 


32-p DIP 


9.2-136 


Low Cost PCM78 


16 


14-Bit 


±1.25 


4 


68 


Serial 


28-p DIP 


9.2-145 



NOTES: (1 ) Temperature Range: Com = 0°C to +70°C, Ind = -25°C to +85°C, Mil = -55°G to +1 25°C. (2) HCD = Hermetic Ceramic 
DIP, HMD = Hermetic Metal DIP. (3) Q indicates optional reliability screening is available for this model. 



MODELS STILL AVAILABLE BUT NOT FEATURED IN THIS BOOK 

ADC10HT 
ADC82AG 
ADC82AM 
ADC806 



(f) 

cr 

LU 

us 

> 
z 

8 
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BURR -BROWN 




ADC71 
ADC72 



16-Bit 
ANALOG-TO-DIGITAL CONVERTER 



FEATURES 

• 16-BIT RESOLUTION 

• ±0.003% MAXIMUIVI NONLINEARITY 

• COMPACT OESIGN 

32-pin Ceramic or Hermetic Metal Package 

•FAST CONVERSION SPEED 
50//S Maximum 

• LOW COST 



DESCRIPTION 

The ADC71 and ADC72 are low cost, high quality, 
16-bit successive approximation analog-to-digital 
converters. They use state-of-the-art IC and laser- 
trimmed thin-film components and are packaged in 
either a convenient 32-pin ceramic or metal dual-in-line 
package. The converter is complete with internal 
reference, clock, comparator, and thin-film scaling 
resistors, which allow selection of analog input 
ranges of ±2.5 V, ±5V, ±10V, to ±5V, to +10V 
and to +20V. 

Data is available in parallel and serial form with 
corresponding clock and status output. All digital 
inputs and outputs are TTL-compatible. 
Power supply voltages are ±15VDC and +5VDC. 



PARALLEL 

DIGITAL 

OUTPUT 



Krrr 



y^ 



V 



16-BIT 

SUCCESSIVE APPROX. 

REGISTER (SAR) 



L<t 



-O SHORT CYCLE 

-O CONVERT COMMAND 



-TTS) 



INPUT 
RANGE SELECT 



-O COMPARATOR IN 



-O REF OUT I+6.3V) 



CLOCK 



-O CLOCK OUT 



-O STATUS 
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SPECIFICATIONS 

ELECTRICAL 

At +25'*C and rated power supplies unless otherwise noted. 



MODEL 


ADC71J, K/ADC72J 


,K 


ADC72A, B 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


RESOLUTION 






16 






16 


Bits 


INPUTS 1 


ANALOG 
















Voltage Ranges: Bipolar 




±2.5, ±5, ±10 






±2 5, ±5, ±10 




V 


Unipolar 




to +5,0 to +10. 
to +20 






to +5, to +10, 
to +20 




V 


Impedance (Direct Input) 
















to +5V, ±2.5V 




2.5 






25 




kO 


to +10V, ±5.0V 




5 






5 




kO 


to +20V, ±10V 




10 






10 




kn 


DIGITAL"* 1 


Convert Command 


Positive pulse 50ns wide (mm) trailing edge ("1" to "0" initiates conversion) 




Logic Loading 




1 




TTL Load 


TRANSFER CHARACTERISTICS | 


ACCURACY 
















Gam Error'^' 




±01 


±0 2 




±0 1 


±0 2 


% 


Offset'"' 
















Unipolar 




±0 05 


±0 1 




±0 05 


±0 1 


% of FSR'^' 


Bipolar 




±01 


±0.2 




±01 


±0 2 


% of FSR 


Linearity Error. K, B 






±0 003 






±0 003 


% of FSR 


J. A 






±0 006 






±0 006 


% of FSR 


Inherent Quantization Error 




±1/2 






±1/2 




LSB 


Differential Linearity Error 




±0 003 






±0 003 




% of FSR 


POWER SUPPLY SENSITIVITY 
















±15VDC 




0.003 






003 




% of FSR/%Vs 


+5VDC 




001 






0.001 




% of FSR/%Vs 


CONVERSION TIME'^* 
















14 Bits 






50 






50 


fiS 


WARM-UP TIME 


10 






10 






min 


DRIFT 
















Gain(ADC71) 






±15 










Gain (ADC72) 




±10 


±20 




±7 


±15 


ppm/°C 


Offset 
















Unipolar 




±2 


±4 






±2 


ppm of FSR/°C 


Bipolar 




±8 


±10 




±5 


±10 


ppm of FSR/^C 


Linearity 




±2 


±3 






±2 


ppm of FSR/°C 


No Missing Codes Temp Range 
















JG, JM, AM (13 bits) 







+50 







+50 


°C 


KG, KM, BM (14 bits) 


±10 




+40 


+10 




+40 


°C 


OUTPUT 1 


DIGITAL DATA 
















(All codes complementary) 
















Parallel 
















Output Codes'^'. Unipolar 




CSB 












Bipolar 




COB, CTC'*' 












Output Drive 






2 








TTL Loads 


Serial Data Code (NRZ) 




CSB, COB 












Output Drive 






2 








TTL Loads 


Status 


Logic "1" during conve 


rsion 










Status Output Drive 






2 






2 


TTL Loads 


Clock Output Drive 






2 






2 


TTL Loads 


Frequency'^' 


350 




350 








kHz 


INTERNAL REFERENCE VOLTAGE 


6.0 


6.3 


66 


6.0 


63 


66 


V 


Max External Current 
















with No Degradation of Specs 






±200 






±200 


A/A 


Temp Coefficient (ADC72) 






±10 






' ±5 


ppm/°C 


Temp Coefficient (ADC71) 






±10 








ppm/^C 



(0 
DC 
LU 

OC 
UJ 

> 
z 
o 
u 

Q 

z 
o 
F 

z 
ui 



DC 

H 
V) 
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O 
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SPECIFICATIONS 

ELECTRICAL (CONT) 

At +25**C and rated power supplies unless otherwise noted. 



MODEL 


ADC71J, K/ADC72J, K 


ADC72A, B 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


POWER SUPPLY REQUIREMENTS 
















Power Consumption 




550 






550 




mW 


Rated Volta£(e. Analog 


±14.5 


±15 


±15.5 


±14.5 


±15 


±15.5 


VDC 


Rated Voltage. Digital 


+4.75 


+5 


+5.25 


+4.75 


+5 


+5.25 


VDC 


Supply Drain +15VDC 




+45 






+45 




mA 


Supply Drain -15VDC 




-35 






-35 




mA 


Supply Drain +15VDC 




+70 






+70 




mA 


TEMPERATURE RANGE 
















Specification 







+70 


-25 




+85 


"C 


Operating (derated specs) 


-25 




+85 


-55 




+85 


"C 


Storage 


-55 




+125 


-55 




+125 


'C 



NOTES: 

1 DTL/TTL compatible, i e , Logic "0" = 8V, max Logic "1 " = 2 OV, mm for inputs For digital outputs Logic "0" = +0 4\/, max Logic "1 " = 2 4V, mm 

2 Adjustable to zero 

3. FSR means Full Scale Range For example, unit connected for tlOV range has 20V FSR 

4 Conversion time may be shortened with "Short Cycle" set for lower resolution, see "Additional Connections Required" section 

5 See Table I CSB - Complementary Straight Binary COB - Complementary Offset Binary CTC - Complementary Two's Complement 
6. CTC coding obtained by inverting MSB (Pin 1 1 



MECHANICAL 



G Package-32-Pln Ceramic 



NOTE Leads in true position within 10" 

(0 25mm) R at MMC at seating plane 



Pin numbers shown for reference only 
Numbers may not be marked on package 




CASE. Ceramic 

MATING CONNECTOR- 2302MC 

WEIGHT: 13 grams (0 46 oz ) 



Seating Plane 



HERMETICITY Conforms to Method 1014. 
Condition C, Step 1 
(fluorocarbon) of 
MIL-STD-883 (gross leak) 



DIM 


INCHES 


MILLIMETERS I 


MIN 


MAX 


MIN 


MAX 


A 


1678 


1.712 


42 62 


43.48 


B 


1.079 


1 101 


27 41 


27.97 


C 


180 


210 


4 57 


5 33 


D 


016 


.020 


41 


51 


F 


045 


055 


114 


1.40 


G 


100 BASIC 


2 54 BASIC 1 


H 


089 


106 


2 26 


2 69 


J 


009 


.012 


23 


30 


K 


200 


210 


508 


533 


L 


900 BASIC 


22 86 BASIC 


N 


015 1 035 


38 1 89 



M Package- 32-Pin Hermetic Metal DIP 



NOTE Leads in true position within 010" 
( 25mm) R at MMC at seating plane 




Pin numbers shown for 
reference only. Numbers 
may not be marked on 
package 



n^ 



DIM 


INCHES 


MILLIMETERS I 


MIN 


MAX 


MIN 


MAX 


A 


1.720 


1760 


4369 


44.70 


B 


1120 


1160 


28.45 


29.46 


C 


0170 


0.250 


,4.32 


6.35 


D 


0.16 


0.021 


0.41 


053 


G 


100 BASIC 


2.54 BASIC 1 


H 


0100 


0.140 


254 


3.56 


K 


0.150 


0.300 


381 


7.62 


L 


900 BASIC 


22 86 BASIC 


R 


0100 1 0.140 


254 1 3.56 



CASE Nickel-plated kovar 
MATING CONNECTOR 2302MC 
WEIGHT: 13 grams (0.46 oz.) 



Contrasting glass seal or square corner 
denotes pin 1 



ABSOLUTE MAXIMUM SPECIFICATIONS 



+Vcc to Common OV to +16.5V 

-Vcc to Common OV to -16.5V 

+VoD to Common OV to +7V 

Analog Common to Digital Common ±0.5V 

Logic Inputs to Common OV to Vdd 

Maximum Power Dissipation lOOOmW 

Lead Temperature (10s) 300"C 
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CONNECTION DIAGRAM 




{ Reference | 




Clock K 



32) SHORT CYCLE 

an CONVERT COMMAND* 

30) -SVDC SUPPLY 

29) GAIN ADJUST 

28) -ISVDC SUPPLY 

27) COMPARATOR IN 

26) BIPOLAR OFFSET 

25) 10V 

2^ 20V 

23) REFOUT 6 3V 

22) ANALOG COMMON 

21) -15VDC SUPPLY 

20) CLOCK OUT 

19) DIGITAL COMMON 

18) STATUS 

17) SERIAL OUT 



*lf an external clock is used, connect the clock to pin 31 (CONVERT COMMAND) 



(A 
DC 
UJ 

I- 

oc 

UJ 

> 
z 
o 
o 

Q 

z 
g 

I 

z 

UJ 

s 

DC 



ORDERING INFORMATION 



Model 


Temperature Range 




ADC71JG 


0°Cto+70°C 


±0 006% FSR 


ADC71KG 


0°Cto+70°C 


±0 003% FSR 


ADC72JM 


0°Cto+70°C 


±0 006% FSR 


ADC72KM 


0°Cto+70°C 


±0 003% FSR 


ADC72AM 


-25°Cto+85°C 


±0 006% FSR 


ADC72BM 


-25«'Cto+85»C 


±0 003% FSR 



TYPICAL PERFORMANCE CURVES 



GAIN DRIFT ERROR (% OF FSR) 
VS TEMPERATURE 



POWER SUPPLY REJECTION VS 
POWER RIPPLE FREQUENCY 




+25°C 
Temperature {°C) 



+70°C +85°C 



06 
04 



01 
006 
004 

002 

001 











/ 








-15V DC 


/ 








> 










/ 


i 






/ 




/ 






/ 


+ 15VDC 


^/ 




.} 














^5VDC 


^ 



10 100 Ik 

Frequency Hz 



DISCUSSION OF 
PERFORMANCE 

The accuracy of a successive approximation A/ D con- 
verter is described by the transfer function shown in 
Figure 1. All successive approximation A/D converters 
have an inherent Quantization Error of ±1/2 LSB. The 
remaining errors in the A/ D converter are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks, 
power supply rejection, and reference errors. In summary. 



these errors consist of initial errors includmg Gain, 
Offset, Linearity, Differential Linearity, and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line ( Figure I ) about the zero or minus full scale point (all 
bits OfO and Offset drift shifts ♦he line left or right over 
the operating temperature range. Linearity error is 
unadjustable and is the most meaningful indicator of 
A/ D converter accuracy. Linearity error is the deviation 
of an actual bit transition from the ideal transition value 
at any level over the range of the A/ D converter. A 
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O 
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Differential Linearity error of ±1/2LSB means that the 
width of each bit step over the range of the A/ D converter 
is 1LSB,±1/2LSB. 

The ADC71/72 is also monotonic, assuring that the 
output digital code either increases or remains the same 
for increasing analog input signals. Burr-Brown also 
guarantees that these converters will have no missing 
codes over a specified temperature range when short- 
cycled for 14-bit operation. 

TIMING CONSIDERATIONS 

The timing diagram (Figure 2) assumes an analog input 
such that the positive true digital word 1001 1000 1001 
0110 exists. The output will be complementary as shown 
in Figure 2 (0110 0111 0110 1001 is the digital output). Fig- 
ures 2a and 2b are timing diagrams showing the relation- 
ship of serial data to clock and valid data to status. 




1LSB 



MCil'RF. I Input \s Output tor an Ideal Bipolai A I) 
Con\crter 



Convert 
Command!' ' 
Internal Clock 
Status lEOCI 
MSB 
Bit 2 
Bit 3 
Bit 4 
Bits 
Bite 
Bit? 
Bits 
Bit 9 
Bit 10 
Bit 11 
Bit 12 
Bit 13 
Bit 14 
Bit 15 

Bit 16 

Optional External 

Clock 



^t 



. Maximum Througliput Time^^' _ 
Conversion Time 




:::r 



:::t 
:::t 
:::t 
:::t 



1 R^ 



:_:t 



IX. 



ii_ 



1 iSB Ft 



ZOOnsec. max - 



— I ) 1 I 1 I ] I 1 ( 1 j 1 j 1 ^ 1 I j j » I 1 1 1 

uj i-j t-j Li Li *-i i-j t~t i-j t-j Lj ut 1. 
NOTES: 

1. The convert command must be at least SOnsec wide and must remain low during a 
conversion. The conversion is initiated by the "trailing edge" of the convert command. 

2. 57ius for 16 bits. 



FIGURE 2. ADC71/72 Timing Diagram. 








l^ BIT 16 
/f VALID 

1 1 


BIT 16 


"^ 


STATUS 




40-125ns-*j >U 



FIGURE 2a. Timing Relationship of Serial Data to 
Clock. 



FIGURE 2b. Timing Relationship of Valid Data to 
Status. 
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DEFINITION OF DIGITAL CODES 



PARALLEL DATA 

Two binary codes are available on the ADC71/72 
parallel output; they are complementary (logic "0" is 
true) straight binary (CSB) for unipolar input signal 
ranges and complementary offset binary (COB) for 
bipolar input signal ranges. Complementary two's 
complement (CTC) may be obtained by inverting MSB 
(Pin 1). 

Table 1 shows the LSB, transition values, and code 
definitions for each possible analog input signal range 
for 12-, 13- and 14-bit resolutions. Figure 3 shows the 
connections for 14-bit resolution, parallel data output, 
with ±10V input. 



TABLE L Input Vokages, Transition Values, LSB Values, and Code Definitions. 



SERIAL DATA 

Two straight binary (complementary) codes are available 
on the serial output line: CSB and COB. The serial data 
is available only during conversion and appears with 
MSB occurring first. The serial data is synchronous with 
the internal clock as shown in the timing diagrams of 
Figures 2 and 2a. The LSB and transition values shown 
in Table I also apply to the serial data output except for 
the CTC code. 



Binary BIN 
Output 


INPUT VOLTAGE RANGE AND LSB VALUES 


Analog Input 
Voltage Range 


Defined As 


±10V 


±5V 


t2 5V 


Oto+lOV 


to +5V 


O to +20V 


Code 
Designation 




COBd) 
or CTC(2) 


COBd) 
or CTC(2) 


COBd) 
or CTC(2) 


CSB(3) 


CSB(3) 


CSB(3) 


One Least 
Significant 
Bit LSB 


FSR 

n = 12 
n = 13 
n = 14 


20V 

2" 
4 88mV 
2 44mV 
122mV 


10V 

2n 
2 44mV 
1 22mV 
610mV 


5V 

2n 

1 22mV 
610/uV 
305mV 


10V 
20 

2 44mV 
1 22mV 
610mV 


5V 

2" 
1 22mV 
610mV 
305mV 


20V 

2" 

4 88mV 

2 44mV 

1 22mV 


Transition Values 

MSB LSB 
000 000(4) 
011 111 
111 110 


+Full Scale 
Mid Scale 
-Full Scale 


+ 10V-3/2LSB 


-10V+1/2LSB 


+5V -3/2LSB 


-5V+1/2LSB 


+2 5V -3/2LSB 

O 
-2 5V+1./2LSB 


+ 10V -3/2LSB 

+5V 

+ 1/2LSB 


+5V -3/2LSB 

+2 5V 
0+ 1/2LSB 


+20V -3/2LSB 

+ 10V 

0+1/2LSB 


(1)C0B = Complenr 

(2)CTC = Complenr 

inverting 


lentary Offset £ 
lentary Twq's C 
the most signi 


3inary 

Complement - o 
ficantbit MSB 


btained by 

Pin 1) 


(3) CSB = Complementary Straight Bi 

(4) Voltages given are the nominal val 
for transition to the code specified 


nary 
ue 



0) 
DC 
UJ 
H 
CC 
US 

> 
z 
o 
o 

o 

z 
g 

z 



z 



32) r^ • 

MhJ' CONVERT COMMAND from 
CONTROL LOGIC 




< 



H-SVOC 



OFFSET 
ADJUST 



lOkiito 
SlOOkll J[ 



-<+15V0C 



ANALOG 

,^p-^ :L. COMMON 



i ImF 



< 



STATUS OUTPUT to 
CONTROL LOGIC 



^ 



DIGITAL 
COMMON 



* Capacitor should be connected even if external gain adjust is not used. 



CM 
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FIGURE 3. ADC71/72 Connections For: ±10V Analog Input, 14-Bit Resolution (Short-Cycled), Parallel Data Output. 



Burr-Brown IC Data Book 



9.1-9 



Vol. 33 



DISCUSSION OF 
SPECIFICATIONS 

The ADC71/72 is specified to provide critical perfor- 
mance criteria for a wide variety of applications. The 
most critical specifications for an A/D converter are 
linearity, drift, gain and offset errors, and conversion 
speed effects on accuracy. This ADC is factory-trimmed 
and tested fdr all critical key specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory-trimmed to 
typically ±0.1% of FSR (typically ±0.05% for unipolar 
offset) at 25"C. These errors may be trimmed to zero by 
connecting external trim potentiometers as shown in 
Figures 6 and 7. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The power supply sensitivity is specified for ±0.003% of 
FSR/%AVs for +15V supplies and ±0.001% of 
FSR/%AVs for +5V supplies. Normally, regulated power 
supplies with 1% or less ripple are recommended for use 
with this ADC. See Layout Precautions, Power Supply 
Decoupling and Figure 4. 



-15V0C 



^5V0C 



X 



-0 



©-lavub 
T ^ 

-Ll/iF 



ImF 



© ?- 

i ImF 



ANALOG 
COMMON 



DIGITAL COMMON 



<5 a T' ■ 



+15V0C 



l-KiDRF 4. Recommended Power Supply Decoupling. 

LAYOUT AND 

OPERATING INSTRUCTIONS 

LAYOUT PRECAUTIONS 

Analog and digital common are not connected internally 
in the ADC7 1 / 72 but should be connected together as 
close to the unit as possible, preferably to a large plane 
under the ADC. If these grounds must be run separately, 
use wide conductor patterns and a O.Ol/xF to 0. l/xF non- 
polarized bypass capacitor between analog and digital 
commons at the unit. Low impedance analog and digital 
commons returns are essential for low noise performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. The comparator input 
(Pin 27) is extremely sensitive to noise. Any connection 
to this point should be as short as possible and shielded 
by Analog Common or ±15VDC supply patterns. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum 
capacitors as shown in Figure 4 to obtain noise free 
operation. These capacitors should be located close to the 
ADC. 



INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order to utilize 
the maximum signal resolution of the A, D converter. 
Connect the input signal as shown in Table II. See Figure 
5 for circuit details. 



TABLE II. 


ADC72 Input Scaling Connections. 










Connect 


Input 




Connect 


Connect 


Input 


Signal 


Output 


Pin 26 


Pin 24 


Signal 


Range 


Code 


To Pin 


To 


To Pin 


^lOV 


COB or CTC* 


27 


Input Sig 


24 


t5V 


COB or CTC- 


27 


Open 


25 


^2 5V 


COB or CTC* 


27 


Pin 27 


25 


Oto+5V 


CSB 


22 


Pin 27 


25 


Oto +10V 


CSB 


22 


Open 


25 


to +20V 


CSB 


22 


Input Sig 


24 



'Obtained by inverting MSB Pin l 



cam. — 



' ® 




FIGURE 5. ADC7I/72 Input Scaling Circuit. 

OPTIONAL EXTERNAL GAIN 
AND OFFSET ADJUSTMENTS 

Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected to 
the ADC as shown in Figures 6 and 7. Multiturn 
potentiometers with 100ppm/"C or better TCR's are 
recommended for minimum drift over temperature and 
time. These pots may be any value from lOkH to lOOkd. 
All resistors should be 20% carbon or better. Pin 29 (Gain 
Adjust) and Pin 27 (Offset Adjust) may be left open if no 
external adjustment is required. 
ADJUSTMENT PROCEDURE 

OFFSET - Connect the Offset potentiometer (make sure 
Ri is as close to pin 27 as possible) as shown in Figure 6. 
Sweep the input through the end point transition voltage 
that should cause an output transition to all bits Off 

Adjust the Offset potentiometer until the actual end point 
transition voltage, occurs at E'^1^. The ideal transition 
voltage values of the input are given in Table I. 

GAIN -Connect the Gain adjust potentiometer as shown 
in Figure 7. Sweep the input through the end point 
transition voltage that should cause an output transition 
to all bits on (E^). Adjust the Gain potentiometer until 
the actual end point transition \oltage occurs at EV\ 

Table I details the transition voltage levels required. 
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CONVERT COMMAND CONSIDERATIONS 

Convert command resets the converter whenever taken 
high. This insures a valid conversion on the first conver- 
sion after power-up. 

Convert command must stay low during a conversion 
unless it is desired to reset the converter during a 
conversion. 



(a) 



,i^^ 



l.BMi! 



15V0C 



(zt) WSf ^^ i lOkiitolOOkn 

COMP. IN 



OFFSET ADJUST 
-15VDC 



y^-s IBOkn 



tSOkn 



COMP IN 



H +15VDC 



lOkntolOOkii 

OFFSET ADJUST 
' ' -ISVOC 



H(il Rl" 6. I wo Methods ot Connecting Optional 
Oltset Adjust with a 0.4^ ol hSR Range 
ol Adiustment. 



+15VDC 



GAIN ADJUST 270kn 



ANALOG COMMON 






lOknto 
lOOkn 



GAIN ADJUST 
15VDC 



FIGURE 7. Connecting Optional Gain Adjust with a 
0.29f Range of Adjustment. 



ADDITIONAL CONNECTIONS REQUIRED 

The ADC71/72 may be operated at faster speeds for 
resolutions less than 14 or 13 bits, depending on the 
model selected, by connecting the Short-Cycle Input, pin 
32, as shown in Table III. Conversion speeds, Hnearity, 
and resolutions are show for reference. 

I ABl r III Short-CycieC Onnectionsand Specilieations 
lor 12- to i4-Bit Resolutions 



Resolution iBitsi 


16 


14 


13 


12 


Connect Pin 32 to 
Maximum Conversion 
Speed 1 /usee 1(1) 


Open 
57 


Pm15 
50 


Pin 14 
46 5 


Pin 13 
43 


Maximum Nonlinearity 
at25°Ci%ofFSR 


003(2) 


003(2) 


006 


006 



NOTES 

1 Max conversion time to maintain specified nonlinearity error 

2 BM and KM models only 

OUTPUT DRIVE 

Normally all ADC71/72 logic outputs will drive two 
standard TTL loads; however, if long digital lines must 
be driven, external logic buffers are recommended. 

HEAT DISSIPATION 

The ADC71/72 dissipates approximately 1.3 watts 
(typical) and the packages have a case-to-ambient 
thermal resistance (Oca) of 25°C/W. For operation 
above 70° C, Oca should be lowered by a heat sink or by 
forced air over the surface of the package. See Figure 8 
for 0CA requirement above 70° C. If the converter is 
mounted on a PC card, improved thermal contact with 
the copper ground plane under the case can be achieved 
using a silicone heat sink compound. On a 0.062" thick 
PC card with a 16 square inch (min.) area, this technique 
will allow operation to 85° C. 



(0 
DC 
UJ 
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UJ 
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BURR-BRO\A/N® 




ADC76 



16-Bit 
ANALOG-TO-DIGITAL CONVERTER 



FEATURES 

• 16-BIT RESOLUTION 

• LINEARITY ERROR ±0.003% MAX (KM, BM) 

• NO MISSING CODES GUARANTEED FROM O^'C TO 
+70°C 

• 15//S CONVERSION TIME (15-BiT| 

• SERIAL AND PARALLEL OUTPUTS 

• COMPACT DESIGN 

32-pin Ceramic or Hermetic Metal Package 

• LOW COST 




DESCRIPTION 

The ADC76 is a low cost, high quaUty, 16-bit 
successive approximation analog-to-digital converter. 
The ADC76 uses state-of-the-art IC and laser-trimmed 
thin-film components and is packaged in a convenient 
32-pin dual-in-line package. The converter is complete 
with internal reference, short cycling capabilities, 
serial output, and thin-film scaling resistors, which 
allow selection of analog input ranges of ±2.5V, 
±5V, ±10V, to +5V, to +10V and to +20V. 
It is specified for operation over two temperature ranges: 
0°C to H-70°C (J, K) and -25°C to +85°C (A, B). 
Data is available in parallel and serial form with 
corresponding clock and status output. All digital 
inputs and outputs are TTL-compatible. 

Power supply voltages are ±15VDC and +5VDC. 



O Short Cycle 

O Convert Command 



' — ^^^r-pvv^rOl input 



.Ql Range Select 
O Comparator In 

O Clock Rate Control 
O Clock Out 
O Status 
O Serial Out 
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SPECIFICATIONS 

ELECTRICAL 

At +25°C and rated power supplies unless otherwise noted. 



MODEL 


ADC76J, K 


ADC76A, B 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


RESOLUTION 






16 








Bits 


ANALOG INPUTS | 


Voltage Ranges Bipolar 




±2 5. ±5, ±10 










V 


Unipolar 




to +5, to +10, 
to +20 










V 


Impedance (Direct Input) 
















to +5V, ±2.5V 




2.5 










kO 


to +10V, ±5.0V 




5 






* 




kC 


to +20V, ±10V 




10 










kQ 


DIGITAL INPUTS"' | 


Convert Command 


Positive pulse 50ns wide (min) trailing edge ("1" to "0" initiates conversion) 




Logic Loadmg 




1 


TIL Load 


TRANSFER CHARACTERISTICS | 


ACCURACY 
















Gam Error"'* 




±01 


±0 2 




* 




% 


Offset Error. Unipolar'^' 




±0.05 


±0.1 








% of FSR'=" 


Bipolar'^' 




±0.1 


±0.2 




* 




% of FSR 


Linearity Error: K, B 






±0 003 








% of FSR 


J, A 






±0.006 








% of FSR 


Inherent Quantization Error 




±1/2 






* 




LSB 


Differential Linearity Error 




±0 003 










% of FSR 


Noise (3ff, p-p) 




±0 003 






* 




% of FSR 


POWER SUPPLY SENSITIVITY 
















±15VDC 




0.003 






* 




% of FSR/%Vs 


+5VDC 




001 






* 




% of FSR/%Vs 


CONVERSION TIME"" 
















14 Bits 






15 








fJS 


15 Bits 






16 






* 


/JS 


16 Bits 






17 








fiS 


WARM-UP TIME 


5 












min 


DRIFT 
















Gain 






±15 






* 


ppm/°C 


Offset: Unipolar 




±2 


±4 








ppm of FSR/°C 


Bipolar 






±10 






* 


ppm of FSR/'C 


Linearity 




±2 


±3 








ppm of FSRrC 


No Missing Codes Temp Range 
















J, A (14-bit) 







+70 







+70 


°C 


K, B (13-bit) 







+70 


-25 




+85 


"C 


OUTPUT 1 


DIGITAL DATA 
















(All codes complementary) 
















Parallel 
















Output Codes'^': Unipolar 




CSB 






* 






Bipolar 




COB. CTC'*' 






* 






Output Drive 






2 








TIL Loads 


Serial Data Code (NRZ) 




CSB, COB 






* 






Output Drive 






2 








TTL Loads 


Status 


Logic "1" during conve 


rsion 




* 






Status Output Drive 






2 








TIL Loads 


Internal Clock: Clock Output Drive 






2 








TTL Loads 


Frequency'^' 


933 




1400 








kHz 


POWER SUPPLY REQUIREMENTS 
















Power Consumption 




0.525 










W 


Rated Voltage: Analog 


±14.5 


±15 


±15 5 








VDC 


Digital 


+4.75 


+5 


+5.25 


* 




* 


VDC 


Supply Drain: +15VDC 




+14 










mA 


-15VDC 




-17 










mA 


+5VDC 




+10 










mA 


TEMPERATURE RANGE 
















Specification 







+70 


-25 




+85 


°C 


Storage 


-56 




+125 


* 




* 


°C 



(0 

oc 

UJ 

I- 

UJ 

> 
z 
o 
o 

Q 

z 
g 

I 

z 

UJ 

s 
oc 



o 
o 

< 



* Specification same as ADC76J, K. 

NOTES. (1) DTL/TTL compatible, i.e , Logic "0" = 0.8V, max, Logic "1" = 2.0V, min for inputs. For digital outputs Logic "0" = 4V, max. Logic "1" = 2.4V, 
min. (2) Adjustment to zero See "Optional External Gain and Offset Adjustment" section. (3) FSR means Full Scale Range. For example, unit 
connected for ±10V range has 20V FSR (4) Conversion time may be shortened with "Short Cycle" set for lower resolution and with use of Clock Rate 
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Control. See "Optional Conversion Time Adjustment" section. The Clock Rate Control (pin 23) should be connected to Digital Common for specified 
conversion time. Short Cycle (pin 32) should be left open for 16-bit resolution or connected to the n + 1 digital output for n-bit resolution. For example, 
connect Short Cycle to Bit 15 (pin 15) for 14-bit resolution. For resolutions less than 16 bits, pin 32 should also be tied to +5V through a 2kn 
resistor. (5) See Table I. CSB— Complementary Straight Binary, COB— Complementary Offset Binary, CTC— Complementary Two's 
Complement. (6) CTC coding obtained by inverting MSB (pin 1). (7) Adjustable with Clock Rate Control from approximately 933kHz to 1.4MHz. See 
Figures 12 and 13 and Table III. 



MECHANICAL 



G Package-32-Pin Ceramic 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1.678 


1712 


42.62 


43 48 


B 


1079 


1101 


27 41 


27 97 


C 


180 


210 


4 57 


5 33 


D 


016 


020 


41 


51 


F 


045 


055 


1.14 


140 


G 


100 BASIC 


2 54 BASIC 1 


H 


089 


106 


2 26 


2 69 


J 


009 


012 


23 


30 


K 


200 


210 


5 08 


5 33 


L 


900 BASIC 


22 86 BASIC 


N 


015 1 035 


38 1 .89 




NOTE Leads m true position within 010" 
(0 25mm) R at MMC at seating plane 



Pin numbers shown for reference only 
Numbers may not be marked on package 



CASE Ceramic 

MATING CONNECTOR 2302MC 

WEIGHT 13 grams (0 46 oz ) 

HERMETICITY Conforms to Method 1014, 
Condition C, Step 1 (fluoro- 
carbon) of MIL-STD-883 
(gross leak) 



I. 



M Package-32-Pin Hermetic Metai DIP 





m 


1 


' 












1 







NOTE 

Leads in true position within 010" 

( 25mm) R at MMC at seating plane 



E 



DIM 


INCHES 


MILLIMETERS I 


MIN 


MAX 


MIN 


MAX 


A 


1720 


1760 


43 69 


44 70 


B 


1.120 


1160 


28.45 


29 46 


C 


0170 


0250 


4 32 


6 35 


D 


016 


0021 


041 


53 


G 


100 BASIC 


2 54 BASIC 1 


H 


0100 


0.140 


2.54 


356 


K 


0150 


0300 


3 81 


762 


L 


900 BASIC 


22 86 BASIC 


R 


0100 1 0140 


254 1 356 



. iiiumiiiiiiiiii 

T G_JU_ D-J, 



^-=^r^ 



C 



•eooooooooooooooo. 



oooooooooooeeooo 



- Pin numbers shown for reference only 
Numbers may not be marked on package 



ABSOLUTE MAXIMUM SPECIFICATIONS 



+Vcc to Common OV to +16.5V 

-Vcc to Common OV to -16.5V 

+Vdd to Common OV to +7V 

Analog Common to Digital Common ±0.5V 

Logic Inputs to Common OV to Vdd 

Maximum Power Dissipation lOOOmW 

Lead Temperature (IDs) 300**C 
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CONNECTION DIAGRAM 




32) SHORT CYCLE 
3^ CONVERT COMMAND 
30) -SVDC SUPPLY 
^29) GAIN ADJUST 
'28) -ISVDC SUPPLY 
2?) COMPARATOR IN 
26) BIPOLAR OFFSET 
25) 10V 
?^ 20V 

2^ CLOCK RATE CONTROL 
^2) ANALOG COMMON 
211 -15VDC SUPPLY 
20) CLOCK OUT 
to) DIGITAL COMMON 
Js) STATUS 
1^ SERIAL OUT 



0) 
DC 
LU 

OC 

> 
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UJ 
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OC 
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ORDERING INFORMATION 



Model 


1-24 


25-99 


100-249 


ADC76JG (16-bit) 


$167 70 


$153 40 


$117.70 


ADC76JM (13-bit) 


175 00 


147 00 


126 00 


ADC76KG (16-bit) 


192 50 


173 60 


14150 


ADC76KM (14-bit) 


220 00 


185 00 


158 00 


ADC76AM (13-bit) 


255 00 


214 00 


252 00 


ADC76BM (14-bit) 


300 00 


252 00 


216 00 



TYPICAL PERFORMANCE CURVES 



GAIN DRIFT ERROR (% OF FSR) 
VS TEMPERATURE 



POWER SUPPLY REJECTION VS 
SUPPLY RIPPLE FREQUENCY 



t -0 08 
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^ -0 04 



-0 16 
-0 18 
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THEORY OF OPERATION 

The accuracy of a successive approximation A/D con- 
verter is described by the transfer function shown in 
Figure 1. All successive approximation A/D converters 
have an inherent Quantization Error of ±1/2LSB. The 
remaining errors in the A/D converter are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks, 
power supply rejection, and reference errors. In summary, 
these errors consist of initial errors including Gain, 



Offset, Linearity, Differential Linearity, and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line (Figure 1) about the zero or minus full scale point 
(all bits OfO and Offset drift shifts the line left or right 
over the operating temperature range. Linearity error is 
unadjustable and is the most meaningful indicator of 
A/D converter accuracy. Linearity error is the deviation 
of an actual bit transition from the ideal transition value 
at any level over the range of the A/D converter. A 
Differential Linearity error of ±1/2LSB means that the 
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width of each bit step over the range of the A/D 
converter is ILSB, ±1/2LSB. 

The ADC76 is also Monotonic, assuring that the output 
digital code either increases or remains the same for 
increasing analog input signals. Burr-Brown also guaran- 
tees that this converter will have no missing codes over a 
specified temperature range when short cycled for 14-bit 
operation. 

TIMING CONSIDERATIONS 

The timing diagram in Figure 2 assumes an analog input 
such that the positive true digital word 1001 1000 1001 
0110 exists. The output will be complementary as shown 
in Figure 2 (0110 0111 0110 1001 is the digital output). 
Figures 3 and 4 are timing diagrams showing the rela- 
tionship of serial data to clock and valid data to status. 



0000 0000 ,. 
0000 . 0001 . . 

0011 1100 T 

0011 1110 .. 
0111 1111 



1000 0000 .- Offset 
1000 0001 .. 



^ 1000 0001 ^ \ri 

g 1111 1110 '- pj~ 
1111 1111 .. ^-J^AIIB 

TV . 



-1/2LSB 
\ 






All Bits On 1 

j;^ Gam 1 

Error "•%!/ I 

4 <^ 



-FSR/2 \ 



Analog Input 
,Off 



^On 



*See Table I for digital code definitions 



FIGURE 1. Input vs Output for an Ideal Bipolar A/D 
Converter. 



Convert Command"' I CI 
Internal Clock . 
Status (EOC) T 

MSB im 



- Maximum Throughput Time 

— Conversion Time 




NOTES (1) The convert command must be at least 50ns w/ide and must remain low during a conversion 
The conversion is Initiated by the "trailing edge" of the convert command 
(2) 17//S for 16 bits 



HGURr2 ADC76 liming Diagram. 



Serial 
Out 



^r 



^F 



Clock 
Out 



Uf ^^ 



FIGURE 3. Timing Relationship of Serial Data to 
Clock. 









i/*" Bit 16 

< Valid 


Bit 16 


V 






1 
1 
1 


Status 




40-125ns - 


-iV 



FIGURE 4. Timing Relationship of Valid Data to 
Status. 
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DIGITAL CODES 

Parallel Data 

Two binary codes are available on the ADC76 parallel 
output: they are complementary (logic "0" is true) straight 
binary (CSB) for unipolar input signal ranges, and 
complementary offset binary (COB) for bipolar input 
signal ranges. Complementary two's complement (CTC) 
may be obtained by inverting MSB (pin 1). 

Table I shows the LSB, transition values, and code defi- 
nitions for each possible analog input signal range for 
12-, 13- and 14-bit resolutions. Figure 5 shows the con- 
nections for 14-bit resolution, parallel data output, with 
±10V input. 



TABLE 1. Input Voltages, Transition Values, LSB Values, and Code Definitions. 



Serial Data 

Two straight binary (complementary) codes are available 
on the serial output line; they are CSB and COB. The 
serial data is available only during conversion and 
appears with MSB occurring first. The serial data is syn- 
chronous with the internal clock as shown in the timing 
diagrams of Figures 2 and 3. The LSB and transition 
values shown in Table I also apply to the serial data 
output except for the CTC code. 



Binary (BIN) 
Output 


INPUT VOLTAGE RANGE AND LSB VALUES 


Analog Input 
Voltage Range 


Defined As 


110V 


-5V 


±2 5V 


Oto+lOV 


Oto+5V 


Oto *20V 


Code 
Designation 




COBO) 
or CTC(2» 


COBd) 
orCTC(2> 


COBd) 
or CTC(2) 


CSB(3) 


CSB(3) 


CSB(3) 


One Least 
Significant 
Bit (LSB) 


FSR 
2" 
n- 12 
n = 13 
n = 14 


20V 

2" 

4 88mV 

2 44mV 

122mV 


loy 

2" 
2 44mV 
122mV 
610mV 


2" 
1 22mV 
eiO^iV 
305mV 


loy 

2" 
2 44mV 
1 22mV 
610mV 


sy 

2" 
122mV 
eiOiiV 
305mV 


4 88mV 
2 44mV 
1 22mV 


Transition Values 

MSB LSB 
000 000"" 
Oil 111 
111 110 


-Full Scale 
Mid Scale 
-Full Scale 


+ 10V-3/2LSB 


-10V H/2LSB 


t5V-3/2LSB 


-5V M/2LSB 


+ 2 5V-3/2LSB 


-2 5V +1/2LSB 


+ 10V-3/2LSB 

^5V 

O + 1/2LSB 


-5V-3/2LSB 

-?5V 
O * 1/2LSB 


♦20V-3/2LSB 

•10V 
• 1/2LSB 


NOTES (1 ) COB = Complementary Offset Binary 

(2) Complementary Two's Complement— obtained by inverting the most significar 

(3) CSB = Complementary Straight Binary 

(4) Voltages given are the nominal value for transition to the code specified 


It bit, MSB (pin 1) 
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01/^ Convert Command From 
*\ Control Logic 




lOkfito 
lOOkQ 



Gam 
Adjust 



-^ +5VDC 



lOkO to 
\ lOOkQ 



X)ffset 
Adjust 



1//F 



^ W 



-< -I-15VDC 



Analog 
_ Common 



<-1l 



i: VF 



^ Status Output to 
Control Logic 



17) Serial Out 



^ 



Digital 
Common 



'Capacitor should be connected even if external gam adjust is not used 



o 

Q 

< 



FIGURE 5. ADC76 Connections for: +IOV Analog Input, 14-Bit Resolution (Short-Cycled), Parallel Data Output. 
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DISCUSSION 

OF SPECIFICATIONS 

The ADC76 is specified to meet critical performance 
criteria for a wide variety of applications. The most 
critical specifications for an A/ D converter are linearity, 
drift, gain and offset errors, and conversion speed effects 
on accuracy. This ADC is factory-trimmed and tested 
for all critical key specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory-trimmed to 
typically ±0.1% of FSR (±0.05% for unipolar offset) at 
25°C. These errors may be trimmed to zero by connecting 
external trim potentiometers as shown in Figures 10 
and 11. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supply voltages will affect 
accuracy. The ADC76 power supply sensitivity is speci- 
fied at ±0.003% of FSR/%Vs for the ±15V supplies 
and ±0.0015% of FSR/%Vs for the +5V supply. Nor- 
mally, regulated power supplies with 1% or less ripple are 
recommended for use with this ADC. See Layout Pre- 
cautions, Power Supply Decoupling, and Figure 7. 

LINEARITY ERROR 

Linearity error is not adjustable and is the most meaning- 
ful indicator of A/ D converter accuracy. Linearity is the 
deviation of an actual bit transition from the ideal 
transition value at any level over the range of the A/D 
converter. 

DIFFERENTIAL LINEARITY ERROR 

Differential linearity describes the step size between tran- 
sition values. A differential linearity error of ±0.003% of 
FSR indicates that the size of any step may not vary 
from the ideal step size by more than 0.003% of Full 
Scale Range. 

ACCURACY VERSUS SPEED 

In successive approximation A/ D converters, the conver- 
sion speed affects linearity and differential linearity 
errors. Conversion speed and its effect on linearity and 
differential linearity errors for the ADC76 are shown in 
Figure 6. 
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FIGURE 6. Linearity and Differential Linearity 
Versus Conversion Time. 



LAYOUT AND OPERATING 
INSTRUCTIONS 

LAYOUT PRECAUTIONS 

Analog and digital common are not connected internally 
in the ADC76, but should be connected together as close 
to the unit as possible, preferably to a large plane under 
the ADC. If these grounds must be run separately, use 
wide conductor pattern and a 0.01/uF to 0. l/xF nonpolar- 
ized bypass capacitor between analog and digital com- 
mons at the unit. Low impedance analog and digital 
common returns are essential for low noise performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. The comparator input 
(pin 27) is extremely sensitive to noise. Any connection 
to this point should be as short as possible and shielded 
by Analog Common or ±15VDC supply patterns. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum or 
electrolytic capacitors as shown in Figure 7 to obtain 
noise free operation. These capacitors should be located 
close to the ADC. 
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Analog 
Common 



± 1/>^F 



FIGURE 7. Recommended Power Supply Decoupling. 

INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the A/D con- 
verter. Connect the input signal as shown in Table II. See 
Figure 8 for circuit details. 



TABLE II 


AI)C76 Input Scahn^ Connections 










Connect 


Input 




Connect 


Connect 


Input 


Signal 


Output 


Pin 26 


Pin 24 


Signal 


Range 


Code 


To Pin 


To 


To Pin 


♦10V 


COBorCTC- 


27 


Input Sig 


24 


•5V 


COBorCTC* 


27 


Open 


25 


•2 5V 


COBorCTC* 


27 


Pin27 


25 


to -SV 


CSB 


22 


Pin 27 


25 


to ♦ 10V 


CSB 


22 


Open 


25 


to • 20V 


CSB 


22 


Input Sig 


24 



"Obtained by inverting MSB pm 1 





"=" Comparator 
to Logic 



FIGURE 8. ADC76 Input Scaling Circuit. 
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OUTPUT DRIVE 

Normally all ADC76 logic outputs will drive two standard 
TTL loads; however, if long digital lines must be driven, 
external logic buffers are recommended. 

INPUT IMPEDANCE 

The input signal to the ADC76 should be low impedance, 
such as the output of an op amp, to avoid any errors due 
to the relatively low input impedance of the ADC76. 
If this impedance is not low, a buffer amplifier should be 
added between the input signal and the direct input to 
the ADC76 as shown in Figure 9. 



Analog 
Input Signal 






Connect to 
Pin 24 or Pin 25 



To Holy 
Point Ground 



FIGURE 9. Source Impedance Buffering. 

OPTIONAL.EXTERNAL GAIN AND 
OFFSET ADJUSTMENTS 

Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected 
to the ADC as shown in Figures 10 and 11. Multiturn 
potentiometers with 100ppm/°C or better TCRs are 
recommended for minimum drift over temperature and 
time. These pots may be any value from lOkft to lOOkH. 
All resistors should be 20% carbon or better. Pin 29 
(Gain Adjust) and pin 27 (Offset Adjust) may be left 
open if no external adjustment is required; however, pin 
29 should always be bypassed with O.Ol/xF to Analog 
Common. 
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+15VDC 
lOkQ to lOOkO 
Offset Adjust 
-15VDC 



(b) 



^^ ISOkC 
Comparator In 



n >2; 



+15VDC 
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Offset Adjust 
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HCjURE 10. Two Methods ol Connecting Optional 
Offset Adjust. 
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: 0^fJF 



lOkfl to 
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FIGURE U. Connecting Optional Gain Adjust. 

ADJUSTMENT PROCEDURE 

Offset— Connect the Offset potentiometer (make sure Ri 
is as close to pin 27 as possible) as shown in Figure 10. 



Sweep the input through the end point transition voltage 
that should cause an output transition to all bits off 
(ETn^), Figure 1. 

Adjust the Offset potentiometer Until the actual end 
point transition voltage occurs at (E%^). The ideal 
transition voltage values of the input are given in Table I. 
Gain — Connect the Gain adjust potentiometer as shown 
in Figure II. Sweep the input through the end point 
transition voltage that should cause an output transition 
to all bits on (E?n )• Adjust the Gain potentiometer until 
the actual end point transition voltage occurs at (E^n )• 
Table I details the transition voltage levels required. 

CONVERT COMMAND CONSIDERATIONS 

Convert command resets the converter whenever taken 
high. This insures a valid conversion on the first convers- 
sipn after power-up. 

Convert command must stay low during a conversion 
unless it is desired to reset the converter during a conver- 
sion. 

OPTIONAL CONVERSION TIME ADJUSTMENT 

The ADC76 may be operated with faster conversion 
times for resolutions less than 14 bits by connecting the 
Short Cycle (pin 32) as shown in Table III. Typical con- 
version times for the resolution and connections are 
indicated. 

TABLE III. Short Cycle Connections for 12- to 16-Bit 
Resolutions. 



Resolution (Bits) 


16 


15 


14 


13 


12 


Connect Pin 32 to 


Open 


Pin 16 


Pin 15 


Pin 14 


Pin 13 


Typical Conversion Time 


^7fJS 


16^s 


15//S 


13//S 


12^3 



Clock Rate Control may be connected to an external 
multiturn trim potentiometer with a TCR of ±10ppm/°C 
or less as shown in Figure 12. The typical conversion 
time versus the Clock Rate Control vohage is shown in 
Figure 13. The effect of varying the conversion time and 
the resolution on Linearity Error and Differential Linear- 
ity Error is shown in Figure 6. 
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FIGURE 12. Clock Rate Control, Optional Fine Adjust. 
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ADC80AG 



General Purpose 
ANALOG-TO-DIGITAL CONVERTER 



FEATURES 

• INDUSTRY-STANDARD 12-BIT ADC 

• LOW COST 

• ±0.012% LINEARITY 

• 25//S MAX CONVERSION TIME 

• ±12V or ±15V OPERATION 

• NO MISSING CODES -25^C to +85'C 

• HERMETIC 32-PIN PACKAGE 

• PARALLEL AND SERIAL OUTPUTS 

• 595mW MAX DISSIPATION 

DESCRIPTION 

The ADC80 is a 12-bit successive-approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom designed 
for freedom from latch-up and optimum AC per- 
formance. It is complete with a comparator, a 
monolithic 12-bit DAC which includes a 6.3V refer- 
ence laser-trimmed for minimum temperature coeffi- 
cient, and a CMOS logic chip containing the succes- 
sive approximation register (SAR), clock, and all 
other associated logic functions. 
Internal scaling resistors are provided for the selection 
of analog input signal ranges of ±2.5V, ±5V, ±10V, 
to +5V, or to +10V. Gain and offset errors may 
be externally trimmed to zero, enabling initial end- 
point accuracies of better than ±0.12% (±1/2LSB). 
The maximum conversion time of 25/xs makes the 
ADC80 ideal for a wide range of 12-bit applications 
requiring system throughput sampling rates up to 
40kHz. In addition, the ADC80 may be short-cycled 



for faster conversion speed with reduced resolution, 
and an external clock may be used to synchronize 
the converter to the system clock or to obtain higher- 
speed operation. 

Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are TTL/ LSTTL-compa- 
tible, with internal pull-up resistors included on all 
digital inputs to eliminate the need for external pull- 
up resistors on digital inputs not requiring connec- 
tion. The ADC80 operates equally well with either 
+ 15V or ±12V analog power supplies, and also 
requires use of a +5V logic power supply. However, 
unlike many ADC80-type products, a +5V analog 
power supply is not required. It is packaged in a 
hermetic 32-pin side-brazed ceramic dual-in-line 
package. 
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SPECIFICATIONS 



ELECTRICAL 

At Ta - +25°C, ±Vcc = 127 or 15V, Vdd = +5V unless otherwise specified 



MODEL 


ADC80AG 


UNITS 


MIN 


TYP 


MAX 


RESOLUTION 

ADC80AG-12, ADC80-AGZ-12 " 
ADC80AG-10 






12 
10 


Bits 
Bits 


INPUT 1 


ANALOG 

Voltage Ranges Unipolar 

Bipolar 
Impedance to +5V, ±2 5V 

Oto tlOV, ±5V 

±10V 


2 45 
49 
98 


Oto <-5, Oto -1-10 

1-2 5, ^5, +-10 

25 

5 

10 


2 55 
51 
102 


V 
V 

kO 
kQ 
kO 


DIGITAL 

Logic Characteristics (Over specification temperature range) 

ViH (Logic -X') 

ViL (Logic "0") 

l,H (V,N - ±2 7V) 

l,u (V,N = ±0 4V) 
Convert Command Pulse Width'^' 


20 
-03 

100 




55 
to 8 
150 
500 
2000 


V 
V 

/"A 
/iA 
ns 


TRANSFER CHARACTERISTICS | 


ACCURACY 

Gain Error'^' 

Offset Error'^' Unipolar 

Bipolar 
Linearity Error ADC80AG-12, ADC80AGZ-12 

ADC80AG-10 
Differential Linearity Error 
Inherent Quantization Error 




±0 1 
±0 05 
±0 1 

±1/2 
±1/2 


±0 3 
±0 2 
±0 3 
±0 012 
±0 048 
±3/4 


% of FSR'*' 
% of FSR 
% of FSR 
% of FSR 
% of FSR 

LSB 

LSB 


POWER SUPPLY SENSITIVITY 

11 4V<± Vcc<16 5V 
+4 5V < Vdd < +5 5V 




±0 003 
±0 002 


±0 009 
±0 005 


% of FSR/%Vcc 
% of FSR/%Vdd 


DRIFT 

Total Accuracy, Bipolar'*' 

Gam 

Offset Unipolar 

Bipolar 
Linearity Error Drift 

Differential Linearity over Temperature Range 
No Missing Code Temperature Range 
tVlonotonicity Over Temperature Range 


-25 


±10 

±15 

±3 
±7 

±1 

Guaranteed 


±23 
±30 

±15 
±3 
±3/4 
±85 


ppm/°C 

ppm/°C 

ppm of FSR/°C 

ppm of FSR/°C 

ppm of FSR/°C 

LSB 

°C 


CONVERSION TIME'*' 

ADC80AG-12, ADC80AGZ-12 
ADC80AG-10 


15 
13 


22 
20 


25 
22 


//s 


OUTPUT 1 


DIGITAL (Bits 1-12. Clock Out, Status, Serial Out) 
Output Codes'^' 
Parallel Unipolar 

Bipolar 
Serial (NRZ)'*' 
Logic Levels Logic (Isink < 3 2mA) 

Logic 1 (IsouRCE < 80/yA) 
Internal Clock Frequency 


±2 4 


CSB 
COB, CTC 
CSB, COB 

545 


±0 4 


V 
V 
kHz 


INTERNAL REFERENCE VOLTAGE 

Voltage 

Source Current Available for External Loads'*' 

Temperature Coefficient 


±6 2 
200 


±6 3 
±10 


±6 4 
±30 


V 
/iA 

ppm/°C 


POWER SUPPLY REQUIREMENTS (For all models) 
Voltage ±Vcc 

Vdd 

Current +lcc 

-Ice 

Idd 

Power Dissipation (±Vcc = 15V) 

• Thermal Resistance, ffjA 


±114 
±4 5 


±15 
±5 

5 

21 

11 
450 

50 


±165 
+ 5 5 

85 

26 

15 
595 


V 
V 

mA 
mA 
mA 
mW 
"C/W 


TEMPERATURE RANGE (Ambient) 

Specification 

Operating (derated specs) 

Storage 


-25 
-55 
-65 




±85 
±125 
±150 


°C 
°C 



NOTES (1) ADC80AGZ-12 is not recommended for new designs Standard ADC80AG-12 now meets the extended power supply range of the ADC80AGZ-12 
(2) Accurate conversion will be obtained with any convert command pulse width of greater than 100ns, however, it must be limited to 2/;s (max) to assure the 
specified conversion time (3) Gam and offset errors are adjustable to zero See "Optional External Gam and Offset Adjustment" section (4) FSR means Full-Scale 
Range and is 20V for ±10V range, 10V for ±5V and to 4 10V ranges, etc (5) Includes drift due to linearity, gam, and offset drifts (6) Conversion time is specified 
using internal clock For operation with an external clock see "Clock Options" section This converter may also be short-cycled to less than 12-bit resolution for 
shorter conversion time, see "Short Cycle Feature" section (7) CSB means Complementary Straight Binary, COB means Complementary Offset Binary, and CTC 
means Complementary Two's Complement coding See Table I for additional information (8) NRZ means Non-Return-to-Zero coding (9) External loading must 
be constant during conversion, and must not exceed 200//A for guaranteed specification 
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CONNECTION DIAGRAM 



TOP VIEW 



Pin 1 


-Bite 


Pm32 


Bit 7 


Pin 2 


-Bits 


Pin 31 


Bit 8 


Pin 3 


-Bit 4 


Pin 30 


Bit 9 


Pin 4 


-Bit 3 


Pin 29 


Bit lO(LSB-IOBits) 


Pin 5 


-Bit 2 


Pin 28 


Bit 11 


Pin 6 


-BitKMSB) 


Pin 27 


Bit 12(LSB— 12Bits) 


Pin 7 


- N/G * 


Pin 26 


Serial Out 


Pm8 


-Bitl (MSB) 


Pin 25 


-Vcc 


Pin 9 


- +5\/ Digital Supply 


Pin 24 


Ref Out (+6 3V) 


Pin 10 


- Digital Connnrion , 


Pin 23 


Clock Out 


Pin 11 


- Comparator In 


Pin 22 


Status 


Pin 12 


- Bipolar Offset 


Pin 21 


Short Cycle 


Pin 13 


- R1 10V Range 


Pin 20 


Clock Inhibit 


Pin 14 


- R2 20V Range 


Pin 19 


External Clock 


Pin 15 


- Analog Common 


Pin 18 


Convert Command 


Pin 16 


- Gam Adjust 


Pin 17 


4 Vcc 



* +5V applied to pin 7 has 
no effect on circuit 




MECHANICAL 



Leads in true position 
within 010" ( 25MM) R 
at MMC at Seating Plane 




— D ' — Seating 

Plane 
Pin numbers shown for 
reference only Numbers 
may not be marked on 
package 

CASE Ceramic, hermetic 
MATING CONNECTOR 
2302MC 
WEIGHT 7 3gm (0 26oz) 




ABSOLUTE MAXIMUM RATINGS 



. to +^6 5V 

. to -16 5V 
to +7V 
. ±0 5V 

-0 3V to Vdd +0 5V 



+Vcc to Analog Common . . 
-Vcc to Analog Common . ... 

Vdd to Digital Common 

Analog Common to Digital Common . 
Logic Inputs (Convert Command, Clock In) 

to Digital Common . . 

Analog Inputs (Analog In, Bipolar Offset) 

to Analog Common . . . . . ±16 5V 

Reference Output Indefinite Short to Common, 

Momentary Short to Vcc 
Lead Temperature, Soldering +300°C, 10s 



CAUTION These devices are sensitive to electrostatic discharge 
Appropriate I C handling procedures should be followed 
Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device Exposure to absolute 
maximum conditions for extended periods may affect device relia- 
bility 



ORDERING INFORMATION 



Model 


Resolution 

(bits) 


ADC80AG-10 
ADC80AG-12 
ADC80AG-12Q'^' 
ADC80AGZ-12'" 


10 
12 
12 
12 



NOTES (1) Q suffix indicates Environmental Screening, see Table IV for 
details (2) ADC80AGZ-12 IS not recommended for new designs Stand- 
ard ADC80AG-12 now meets the extended power supply range of the 
ADC80AGZ-12 



TYPICAL PERFORMANCE 
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LINEARITY ERROR VS CONVERSION TIME 



DIFFERENTIAL LINEARITY ERROR VS CONVERSION TIME 
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DISCUSSION OF 
SPECIFICATIONS 

LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Under 
this definition of linearity (sometimes referred to as 
integral linearity), ideal transition values lie on a line 
drawn through zero (or minus full scale for bipolar 
operation) and plus full scale, providing a signficantly 
better definition of converter accuracy than the best- 
straight-line-fit definition of linearity employed by some 
manufacturers. 

The zero or minus full-scale value is located at an analog 
input value I/2LSB before the first code transition 
(FFFh to FFEh). The plus full-scale value is located at 
an analog value 3/2LSB beyond the last code transition 
(001 H to OOOh). See Figure 1 which illustrates these 
relationships. A linearity specification which guarantees 
±1/2LSB maximum linearity error assures the user that 
no code transition will differ from the ideal transition 
value by more than +1/2LSB. 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of 20V (±10V 
operation), the minus full-scale value of — lOV is 2.44mV 
below the first code transition (FFFh to FFEh at 
-9.99756V) and the plus full-scale value of +10V is 
7.32mV above the last code transition (OOIh to OOOh at 




1/2LSB 
Transition Values - 
ANALOG INPUT 



FIGURE I. ADC80 Transfer Characteristic 
Terminology. 

+9.99268V). Ideal transitions occur ILSB (4.88mV) apart, 
and the +1/2LSB linearity specification guarantees that 
no actual transition will vary from the ideal by more 
than 2.44mV. The LSB weights, transition values, and 
code definitions for each possible ADC80 analog input 
signal range are described in Table I. 



TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 



Binary Output 


input Voltage Range and LSB Vaiues | 


Analog Input Voltage Range 


Defined As 


±10V 


+5V 


±2 5V 


Oto+lOV 


to +5V 


Code Designation 




COB*orCTC** 


COB or CTC 


COB or CTC 


CSB*" 


CSB 


One Least Significant 
Bit (LSB) 


FSR/2" 
n = 8 
n = 10 
n = 12 


20V/2" 
78 13mV 
19 53m V 

4 88mV 


10V/2" 
39 06mV 
9 77mV 
2 44mV 


5V/2" 
19 53m V 
4 88mV 
1 22mV 


10V/2" 
39 06mV 
9 77mV 
2 44mV 


5V/2" 
19 53m V 
4 88mV 
1 22mV 


Transition Values 
MSB LSB 
OOIh to OOOh 
800h to 7FFh 
FFFh to FFEh 


+Full Scale 

Mid Scale 

-Full Scale 


+ 10V-3/2LSB 


--10V + 1/2LSB 


+5V - 3/2LSB 


-5V + 1/2LSB 


+2 5V - 3/2LSB 


-2 5V + 1/2LSB 


+ 10V-3/2LSB 

+5V 

+ 1/2LSB 


+5V - 3/2LSB 

+ 2 5V 

+ 1/2LSB 


*COB = Complementary Offset Binary **CTC = Complementary Two's Complement— obtained by using the complement of the most 1 
•**CSB = Complementary Straight Binary significant bit (MSB) MSB is available on pin 8 | 
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CODE WIDTH (QUANTUM) 

Code width (or quantum) is defined as the range of 
analog input values for which a given output code will 
occur. The ideal code width is ILSB, which for 12-bit 
operation with a 20V span is equal to 4.88mV. Refer to 
Table I for LSB values for other ADC80 input ranges. 

DIFFERENTIAL LINEARITY ERROR AND NO 
MISSING CODES 

Differential linearity error is the difference between an 
ideal ILSB code width (quantum) and the actual code 
width. A specification which guarantees no missing 
codes requires that every code combination appear in a 
monotonically increasing sequence as the analog input is 
increased throughout the range, requiring that every 
input quantum must have a finite width. If an input 
quantum has a value of zero (a differential linearity error 
of —1 LSB), a missing code will occur but the converter 
may still be monotonic. Thus, no missing codes represent 
a more stringent definition of performance than does 
monotonicity. ADC80 is guaranteed to have no missing 
codes to 12-bit resolution over its full specification 
temperature range. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantiza- 
tion error of ±1/2LSB. This error is a fundamental 
property of the quantization process and cannot be 
eliminated. 

UNIPOLAR OFFSET ERROR 

An ADC80 connected for unipolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value 1/2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from the 
ideal value, and is applicable only to converters operating 
in the unipolar mode. 

BIPOLAR OFFSET ERROR 

A/D converter specifications have historically defined 
bipolar offset at the first transition value above the 
minus full-scale value. The ADC80 follows this conven- 
tion. Thus, bipolar offset error for the ADC80 is defined 
as the deviation of the actual transition value from the 
ideal transition value located 1/2LSB above minus full 
scale. 

umIN error 

The last output code transition (001 h to OOOh) occurs for 
an analog input value 3/2LSB below the nominal plus 
full-scale value. Gain error is the deviation of the actual 
analog value at the last transition point from the ideal 
value. 

ACCURACY DRIFT VS TEMPERATURE 

The temperature coefficients for gain, unipolar offset, 
and bipolar offset specify the maximum change from the 
actual 25°C value to the value at the extremes of the 



Specification temperature range. The temperature coeffi- 
cient applies independently to the two halves of the 
temperature range above and below +25°C. 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADC80 assume the 
application of the rated power supply voltages of -l-5V 
and ±12V or +15V. The major effect of power supply 
voltage deviations from the rated values will be a small 
change in the plus full-scale value. This change, of 
course, results in a proportional change in all code 
transition values (i.e., a gain error). The specification 
describes the maximum change in the plus full-scale 
value from the initial value for independent changes in 
each power supply voltage. 

TIMING CONSIDERATIONS 

Timing relationships of the ADC80 are shown in Figure 
2. It should be noted that although the convert command 
pulse width must be between 100ns and 2^is to obtain the 
specified conversion time with internal clock, the ADC80 
will accept longer convert commands with no loss of 
accuracy, assuming that the analog input signal is stable. 
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Symbol 


Parameter 


Typ. 


Units 


tcD 


Clock delay from convert comnnand 


30 


ns 


tcp 


Nominal clock period 


165 


/JS 


tew 


Nominal clock pulse width 


65 


fJS 


tsD 


Status delay from convert command 


130 


ns 


tR 


All bits reset delay from convert command 


65 


ns 


tov 


Data valid time from clock pulse high 


-5 


ns 



FIGURE 2. ADC80 Timing Diagram (nominal values 
at +25°C with internal clock). 

In this situation, the actual indicated conversion time 
(during which status is high) for 12-bit operation will be 
equal to approximately 1/us less than the sum of the 
factory-set conversion time and the length of the convert 
command. The code returned by the converter at the end 
of the conversion will accurately represent the analog 
input to the converter at the time the status returns to the 
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low state. In addition, although the initial state of the 
converter will be indeterminate when power is first 
applied, it is designed to time-out and be ready to accept 
a convert command within approximately 25jus after 
power-up, provided that either an external clock source 
is present or the internal clock is not inhibited. 
During conversion, the decision as to the proper state of 
any bit (bit "n") is made on the rising edge of clock pulse 
"n + 1". Thus, a complete conversion requires 13 clock 
pulses with the status output dropping from logic "1" to 
logic "0" shortly after the rising edge of the 13th clock 
pulse, and with valid output data ready to be read at that 
time. A new conversion may not be initiated until 50ns 
after the fall of the last clock pulse (pulse 13 for 12-bit 
operation). 

Additional convert commands applied during conversion 
will be ignored. 

DEFINITION OF DIGITAL CODES 
Parallel Data 

Three binary codes are available on the ADC80 parallel 
output; all three are complementary codes, meaning that 
logic "0" is true. The available codes are complementary 
straight binary (CSB) for unipolar input signal ranges, 
and complementary offset binary (COB) and comple- 
mentary two's complement (CTC) for bipolar input 
signal ranges. CTC coding is obtained by complementing 
bit 1 (the MSB) of the COB code; the complement of bit 
I is available on pin 8. 
Serial Data 

Two (complementary) straight binary codes are available 
on the serial output of the ADC80; as in the parallel 
case, they are CSB and COB. The serial data is available 
only during conversion and appears with the most 
significant bit (MSB) occurring first. The serial data is 
synchronous with the internal clock as shown in the 
timing diagram of Figure 2. The LSB and transition 
values of Table I also apply to the serial data output, 
except that the CTC code is not available. All clock 
pulses available from the ADC80 have equal pulse 
widths to facilitate transfer of the serial data into 
external logic devices without external shaping. 

LAYOUT AND OPERATING 
INSTRUCTIONS 

LAYOUT PRECAUTIONS 

Analog and digital commons are not connected together 
internally in the ADC80, but should be connected 
together as close to the unit as possible, preferably to an 
analog common ground plane beneath the converter. If 
these common lines must be run separately, use wide 
conductor pattern and a O.OImF to O.l/xF nonpolarized 
bypass capacitor between analog and digital commons at 
the unit. Low impedance analog and digital common 
returns are essential for low noise performance. Coupling 
between analog input lines and digital lines should be 
minimized by careful layout. For instance, if the lines 



must cross, they should do so at right angles. Parallel 
analog and digital lines should be separated from each 
other by a pattern connected to common. If external 
gain and offset potentiometers are used, the poten- 
tiometers and associated resistors should be located as 
close to the ADC80 as possible. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with IjuF to lO/uF 
tantalum bypass capacitors located close to the converter 
to obtain noise-free operation; Noise on the power 
supply lines can degrade the converter's performance. 
Noise and spikes from a switching power supply are 
especially troublesome. 

ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the analog input signal to 
the ADC80 will be driving into a nominal DC input 
impedance of 2.5kn to lOkfl depending upon the range 
selected. However, the output impedance of the drivmg 
source should be very low, such as the output impedance 
provided by a wideband, fast-settling operational ampli- 
fier. Transients in A/D input current are caused by the 
changes in output current of the internal D/ A converter 
as it tests the various bits. The output voltage of the 
driving source must remain constant while furnishing 
these fast current changes. If the application requires a 
sample/ hold, select a sample/ hold with sufficient band- 
width to preserve the accuracy or use a separate wideband 
buffer amplifier to lower the output impedance. 

INPUT SCALING 

The ADC80 offers five standard input ranges: OV to 
7-5 V, OV to +10y, ±2.5 V, ±5V, and llOV. The input 
range should be scaled as close to the maximum input 
signal range as possible in order to utilize the maximum 
signal resolution of the converter. Select the appropriate 
input range as indicated by Table II. The input circuit 
architecture is illustrated in Figure 3. External padding 
resistors can be added to modify the factory-set input 
ranges (such as addition of a small external input resistor 
to change the lOV range to a 10.24V range). Alternatively, 
the gain range of the converter may easily be increased a 
small amount by use of a low temperature coefficient 
potentiometer in series with the analog input signal or by 
decreasing the value of the gain adjust series resistor in 
Figure 5. 



TABLE II. 


ADC80 Input Scaling Connections. 
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10V Range • 



20V Range - 



R2 

-VA- 

5kQ 



Comp In 



Bipolar 

Offset 12 

Analog — — 

Common ^^ 



— VA — I 

6 3kn \ 

"^ Vref 




, To 
SAR 



■i- Comparator 



FIGURE 3. ADC80 Input Scaling Circuit. 

CALIBRATrON 

Optional External Gain And Offset Adjustments 

Gain and offset errors may be trimmed to zero using 
external offset and gain trim potentiometers connected 
to the ADC80 as shown in Figures 4 and 5 for both 
unipolar and bipolar operation. Multiturn potentiometers 
with I00ppm/°C or better TCR are recommended for 
minimum drift over temperature and time. These pots 
may be of any value between lOkO and lOOkH. All fixed 
resistors should be 20% carbon or better. Although not 
necessary in some applications, pin 16 (Gain Adjust) 
should be preferably bypassed with aO-Ol/xF nonpolarized 
capacitor to analog common to minimize noise pickup at 
this high impedance point, even if no external adjustment 
is required. 




(B) 



11 180kn 



+Vcc 



Comp 



In < 22kn to 
^28kQ 



lOkfi to 
lOOkfi 
Offset 
Adjust 



FIGURE 4. Two Methods of Connecting Optional 
Offset Adjust. 



(A) 



+Vcc 



lOkfi to 



Gam Adjust 8 2Mfi to 

T > Gam 

■^0 01//F I Adjust 

js y \ 

Analog ~Vcc 

Common 



(B) 




FIGURE 5. Two Methods of Connecting Optional Gain 
Adjust. 

Adjustment Procedure 

OFFSET — Connect the offset potentiometer as shown 
in Figure 4. Set the input voltage to the nominal zero or 
minus full-scale voltage plus 1/2LSB. For example, 
referring to Table I, this value is — lOV +2.44mV or 
-9.99756V for the -lOV to +IOV range. 
With the input voltage set as above, adjust the offset 
potentiometer until an output code is obtained which is 
alternating between FFEh and FFFh with approximately 



50% occurrence of each of the two codes. In other words, 
the potentiometer is adjusted until bit 12 (the LSB) 
indicates a true (logic "0") condition approximately half 
the time. 

GAIN — Connect the gain adjust potentiometer as shown 
in Figure 5. Set the input voltage to the nominal plus 
full-scale value minus 3/2LSB. Once again referring to 
Table I, this value is +10V -7.32mV or +9.99268 V for 
the — lOV to +10V range. Adjust the gain potentiomter 
until the output code is alternating between OOOh and 
001 H with an approximate 50% duty cycle. As in the case 
of offset adjustment, this procedure sets the converter 
end-point transitions to a precisely known value. 

CLOCK OPTIONS 

The ADC80 is extremely versatile in that it can be 
operated in several different modes with either internal 
or external clock. Most of these options can be imple- 
mented with inexpensive TTL logic as shown in Figures 
6 through 9. When operating with an external clock, the 
conversion time may be as short as ISjjls (800kHz 
external clock frequency) with assured performance 
within specified limits. When operating with the internal 
clock, pin 19 (external clock input) and pin 20 (clock 
inhibit) may be left unconnected. No external pull-ups 
are required due to the inclusion of pull-up resistors in 
the ADC80. Pin 20 (clock inhibit) must be grounded for 
use with an external clock, which is applied to pin 19. 

SHORT-CYCLE FEATURE 

A short-cycle input (pin 21) permits the conversion to be 
terminated after any number of desired bits has been 
converted, allowing shorter conversion times in applica- 
tions not requiring full 12-bit resolution. In these situa- 
tions, the short-cycle pin should be connected to the bit 
output pin of the next bit after the desired resolution. 
For example, when 10-bit resoltion is desired, pin 21 is 
connected to pin 28 (bit II). In this example, the 
conversion cycle terminates and status is reset after the 
bit 10 decision. Short-cycle pin connections and associ- 
ated maximum 12-, 10-, and 8-bit conversion times (with 
internal clock) are shown in Table III. Also shown are 
recommended minimum conversion times (external clock) 
for these conversion lengths to obtain the stated accura- 
cies. The ADC80 is not factory-tested for these external 
clock conversion speeds and the product is not guaranteed 
to achieve the stated accuracies under these operating 
conditions; the recommended values are offered as an 
aid to the user. 
TABLE III. Short-Cycle Connections and Conversion 

Times for 8-, 10-, and 12-Bit Resolutions— 

ADC80. 



Resolution (Bits) 


12 


10 


8 


Connect pin 21 to 


Pin 9 or NC 


Pm28 


Pin 30 


Maximum Conversion Time'" 
Internal Clock (//s) 


25 


22 


18 


Minimum Conversion Time"' 
External Clock (/js) 


15 


13 


10 


Maximum Lmearity Error 
At ^25''C (% of FSR) 


012 


048 


20 



NOTE (1) Conversion time to maintain ±1/2LSB linearity error 
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FIGURE 6. Internal Clock— Normal 

Operating Mode. (Conversion 
initiated by the rising edge of 
the convert command. The 
internal clock runs only 
during conversion.) 
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FIGURE 8. Continuous Conversion with 
External Clock. (Conversion is 
mitiated by 14th clock pulse. 
Clock runs continuously.) 
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FIGURE 7. Continuous External Clock. (Conversion initiated by 
rising edge of convert command. The convert 
command must be synchronized with clock.) 
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FIGURE 9. Continuous Conversion with 600ns between 

Conversions. (Circuit insures that conversion will start 
when power is applied.) 
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ENVIRONMENTAL SCREENING 

The inherent rehabiUty of a semiconductor device is 
controlled by the design, materials, and fabrication of 
the device — it cannot be improved by testing. However, 
the use of environmental screening can eliminate the 
majority of those units which would fail early in their 
lifetimes (infant mortality) through the application of 
carefully selected accelerated stress levels. Burr-Brown Q 
models are environmentally screened versions of our 
standard industrial products, designed to provide 
enhanced reliability. The screening illustrated in Table 
IV is performed to selected methods of MIL-STD-883. 
Reference to these methods provides a convenient way 
of communicating the screening levels and basic pro- 
cedures employed; it does not imply conformance to any 
other military standards or to any methods of MIL- 
STD-883 other than those specified. Burr-Brown's 
detailed procedures may vary slightly, model-to-model, 
from those in MIL-STD-883. 



TABLE IV. Screening Flow for ADC80AG-I2Q. 



Screen 


MIL-STD-883 
Method. 
Condition 


Screening 
Level 


Internal Visual 


Burr-Brown 
QC4118 




High Temperature 
Storage 
(Stabilization Bake) 


1008. C 


24 hour. ^-ISCC 


Temperature Cycling 


1010. C 


10 cycles. -65°C 
to +150°C 


Constant Acceleration 


2001. A 


5000 G 


Electrical Test 


Burr-Brown 
test procedure 




Burn-in 


1015. B 


160 hour. +125°C. 
steady-state 


Hermeticity 
Fine Leak 
Gross Leak 


1014. A1 or A2 
1014. C 


5 X 10'' atm cc/s 
bubble test only, 
preconditioning omitted 


Final Electrical 


Burr-Brown 
test procedure 




Final Drift 


Burr-Brown 
test procedure 




External Visual 


Burr-Brown 
QC5150 
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*Not Recommended for New Designs. Use ADC80AG. 



General Purpose 
ANALOG-TO-DIGITAL CONVERTER 



FEATURES 

• PIN-COMPATIBLE WITH INDUSTRY STANDARD ADC80 

• <600mW POWER DISSIPATION 

• 15//sec CONVERSION TIME WITH EXTERNAL CLOCK 

• 25//SEC MAXIMUM CONVERSION TIME 

• ±0.012% INTEGRAL LINEARITY 

• 12-BIT RESOLUTION 

• FULLY SPECIFIED FOR OPERATION ON ±12V OR 
±15V SUPPLIES 

• NO MISSING CODES -25° C TO +85° C 

• PARALLEL AND SERIAL OUTPUTS 

• 32-PIN HERMETIC PACKAGE 

DESCRIPTION 

The ADC80H is a 12-bit successive-approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom de- 
signed for freedom from latch-up and optimum AC 
performance. It is complete with a comparator, a 
monolithic 12-bit DAC which includes a 6.3V refer- 
ence laser-trimmed for minimum temperature coeffi- 
cient, and a CMOS logic chip containing the succes- 
sive approximation register (SAR), clock, and all 
other associated logic functions. 
Internal scaling resistors are provided for the selec- 
tion of analog input signal ranges of +2.5V, ±5V, 
+ 10V, to +5V, or to +10V. Gain and offset 
errors may be externally trimmed to zero, enabling 
initial end-point accuracies of better than ±0.012% 
(+1/2LSB). Like the industry standard ADC80, the 
ADC80H is completely specified for -25°C to +85°C 
operation. 

The maximum conversion time of 25iusec makes the 
ADC80H ideal for a wide range of 12-bit applica- 



tions requiring system throughput sampling rates up 
to 40kHz. In addition, the ADC80H may be short- 
cycled for faster conversion speed with reduced reso- 
lution, and an external clock may be used to syn- 
chronize the converter to the system clock or to 
obtain higher-speed operation. 
Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are TTL/ LSTTL-compa- 
tible, with internal pull-up resistors included on all 
digital inputs to eliminate the need for external pull- 
up resistors on digital inputs not requiring connec- 
tion. The ADC80H operates equally well with either 
±15V or ±12V analog power supplies, and also 
requires use of a +5 V logic power supply. However, 
unlike other ADC80-type products, a +5V analog 
power supply is not required. It is packaged in a 
hermetic 32-pin side-brazed ceramic dual-in-line 
package. 



CLOCK -_ 
INHIBIT*^ 
EXTERNAL q_ 
CLOCK 
SHORT o- 
CYCLE 

COMPARATOR o- 




CLOCK OUT 

K PARALLEL 

)DATA 
/ OUTPUT 



BIPOLAR e 
OFFSET 



<I2-I 
CON 



BIT O/A 
CONVERTER 



\ ' 



Inlernallonal Airport Industrial Park - P.O. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 ■ Twx.- 910-952111 1 - Cable: BBRCORP - Telex: 66-6491 



Burr-Brown IC Data Book 



PDS-577B 

9.1-28 



Vol. 33 



SPECIFICATIONS 

ELECTRICAL 

Ta = +25°C, ±Vcc = 12V or ISV, Voo = +5V unjess otherwise specified 



MODEL 


ADC80H-AH-12 


UNITS 


MIN 


TYP 


MAX 


RESOLUTION 






12 


Bits 


INPUT 1 


ANALOG 

Voltage Ranges Unipolar 

Bipolar 
Impedance- to +5V, ±2 5V 

Oto+lOV, +5V 

±10V 




to +5,0 to +10 

±2 5, ±5. ±10 

23 

46 

92 




V 
V 
kO 

kn 

kO 


DIGITAL 

Logic Characteristics (Over specification temperature range) 

V,H (Logic "1") 

V,L (Logic "0") 

l,H (V,N = +2 7V) 

l,L (V,N =+0.4V) 
Convert Command Pulse Width'^' 


2.0 
-0.3 

100 




5.5 
+0 8 
-150 

500 
2000 


V 

V 

fjA 
//A 
nsec 


TRANSFER CHARACTERISTICS | 


ACCURACY 

Gain Error'"' 

Offset Error"": Unipolar 

Bipolar 
Linearity Error 
Differential Linearity Error 
Inherent Quantization Error 




±0 1 
±0.05 
±0.1 

1/2 


±0.3 
±0.2 
±0.3 
±0.012 

±3/4 


% of FSR'=" 
% of FSR 
% of FSR 
% of FSR 

LSB 

LSB 


POWER SUPPLY SENSITIVITY 

+13.5V < +Vcc < +16.5V or +1 1 .4V < +Vcc < +1 2.6V 
-16.5V < -Vcc < -13.5V or -12.6V < -Vcc < -1 1 .4V 
+4.5V < VoD < +5.5V 




±0,003 
±0.003 
±0.002 


±0.009 
±0.009 
±0.005 


% of FSR/%Vcc 
% of FSR/o/oVcc 
% of FSR/%Vdd 


DRIFT 

Total Accuracy, Bipolar'*' 

Gain 

Offset: Unipolar 

Bipolar 
Linearity Error Drift 

Differential Linearity over Temperature Range 
No Missing Code Temperature Range 
Monotonicity Over Temperature Range 


-25 


±10 
±15 

±3 

±7 

±1 

Guaranteed 


±23 
±30 

±15 

±3 
±3/4 
+85 


ppm/'C 

ppm/°C 

ppm of FSR/'C 

ppm of FSR/^C 

ppm of FSR/X 

LSB 

»C 


CONVERSION TIME'" 


15 


22 


25 


fjisec 


OUTPUT 1 


DIGITAL(Bits 1-12, Clock Out, Status, Serial Out) 
Output Codes'*' 
Parallel. Unipolar 

Bipolar 
Serial (NRZ)'^' 
Logic Levels- Logic (Umk < 3.2mA) 
Logic 1 (Uource < eOfjA) 
Internal Clock Frequency 


+2.4V 


CSB 
COB. CTC 
CSB, COB 

545 


+0.4 


V 
V 
kHz 


INTERNAL REFERENCE VOLTAGE 

Voltage 

Source Current Available for External Loads'*' 

Temperature Coefficient 


+6 2 
200 


+6.3 
±10 


+6 4 
±30 


A/A 
ppm/°C 


POWER SUPPLY REQUIREMENTS 

Voltage, ±Vcc 

Vdd 

Current, +lcc 

-Ice 

loD 

Power Dissipation (±Vcc = 15V) 


±11 4 
+4 5 


±15 
+5 

5 

21 

11 
450 


±165 
+5 5 
8.5 
26 
15 
595 


V 

V 

mA 
mA 
mA 
mW 


TEMPERATURE RANGE (Ambient) 

Specification 

Storage 


-25 
-65 




+85 
+150 


°C 
°C 
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NOTES (1) Accurate conversion will be obtained with any convert command pulse width of greater than lOOnsec; however, it must be Ijmited to 2/jsec 
(max) to assure the specified conversion time (2) Gam and offset errors are adjustable to zero See "Optional External Gam and Offset Adjustments" 
section (3) FSR means Full-Scale Range and is 20V for ±10V range, 10V for ±5V and to +10V ranges, etc (4) Includes drift due to linearity, gam, and 
offset drifts (5) Conversion time is specified using internal clock For operation with an external clock see "Clock Options" section This converter may 
also be short-cycled to less than 12-bit resolution for shorter conversion time, see "Short Cycle Feature" section (6) CSB means Complementary Straight 
Binary, COB means Complementary Offset Binary, and CTC means Complementary Two's Complement coding See Table I for additional informa- 
tion (7) NRZ means non-return-to-zero coding (8) External loading must be constant during conversion, and must not exceed 200/iA for guaranteed 
specification 
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-Bit 10 
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-Bit 11 


Pin 6 


- Bit 1 (MSB) 


Pin 27 


- Bit 12 (LSB) 


Pin 7 


-N/C 


Pin 26 


- Serial Out 


Pin 8 


- Bit 1 (MSB) 


Pin 25 


--Vcc 


Pin 9 


- +5V Digital Supply 


Pin 24 


- Ref Out (-1-6 3V) 


Pin 10 


- Digital Common 


Pin 23 


- Clock Out 


Pin 11 


- Comparator In 


Pin 22 


- Status 


Pin 12 


- Bipolar Offset 


Pin 21 


- Short Cycle 


Pin 13 


-R1 10V Range 


Pin 20 


- Clock Inhibit 


Pin 14 


- R2 20V Range 


Pin 19 


- External Clock 


Pin 15 


- Analog Common 


Pin 18 


- Convert Command 


Pin 16 


- Gam Adjust 


Pin 17 


-+Vcc 



TOP VIEW 




MECHANICAL 



ABSOLUTE MAXIMUM RATINGS 




Leads in true position 
within 010" ( 25MM) R 
at MMC at Seating Plane 

Pin numbers shown for 
reference only Numbers 
may not be marked on 
package 

S/R IS connected to 
Pin 10 





CASE Ceramic, hermetic 
MATING CONNECTOR 

2302MC 
WEIGHT 7 3gm (0 26oz) 



-f Vcc to Analog Common to -f 16 5V 

-Vcc to Analog Common to —16 5V 

Vdd to Digital Common to -<-7V 

Analog Common to Digital Common ±0 5V 

Logic Inputs (Convert Command, Clock In) 

to Digital Common -0 3V to Vdd +0 5V 

Analog Inputs (Analog In, Bipolar Offset) 

to Analog Common ±16 5V 

Reference Output Indefinite Short to Common, 

Momentary Short to Vcc 

Power Dissipation lOOOmW 

Lead Temperature, Soldering -f300°C, lOsec 

Thermal Resistance, ^ja 60°C/W 

CAUTION These devices are sensitive to electrostatic discharge 
Appropriate t C handling procedures should be followed 
Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device Exposure to absolute 
maximum conditions for extended periods may affect device relia- 
bility 



DISCUSSION OF 
SPECIFICATIONS 

LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Under 
this definition of linearity (sometimes referred to as inte- 
gral linearity), ideal transition values lie on a line drawn 
through zero (or minus full scale for bipolar operation) 
and plus full scale, providing a significantly better defini- 
tion of converter accuracy than the best-straight-line-fit 
definition of linearity employed by some manufacturers. 
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The zero or minus full-scale value is located at an analog 
input value 1/2LSB before the first code transition 
(FFFh to FFEh). The plus full-scale value is located at 
an analog value 3/2LSB beyond the last code transition 
(OOIh to OOOh). See Figure 1 which illustrates these rela- 
tionships. A linearity specification which guarantees 
±1/2LSB maximum linearity error assures the user that 
no code transition will differ from the ideal transition 
value by more than ±1/2LSB. 




-FULL 
SCALE 



CALIBRATION TRANSITION 
ANALOG INPUT 



FIGURE 1. ADC80H Transfer Characteristic 
Terminology. 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of 20V (±10V opera- 
tion), the minus full-scale value of — lOV is 2.44mV 
below the first code transition (FFFh to FFEh at 
-9.99756V) and the plus full-scale value of -hlOV is 
7.32mV above the last code transition (OOIh to OOOh at 
+9.99268V). Ideal transitions occur ILSB (4.88mV) 
apart, and the +1/2LSB linearity specification guaran- 
tees that no actual transition will vary from the ideal by 
more than 2.44mV. The LSB weights, transition values, 
and code definitions for each possible ADC80H analog 
input signal range are described in Table I. 



CODE WIDTH (QUANTUM) 

Code width (or quantum) is defined as the range of 
analog input values for which a given output code will 
occur. The ideal code width is ILSB, which for 12-bit 
operation with a 20V span is equal to 4.88mV. Refer to 
Table I for LSB values for other ADC80H input ranges. 

DIFFERENTIAL LINEARITY ERROR AND NO 
MISSING CODES 

Differential linearity error is a definition of the differ- 
ence between an ideal ILSB code width (quantum) and 
the actual code width. A specification which guarantees 
no missing codes requires that every code combination 
appear in a monotonically increasing sequence as the 
analog input is increased throughout the range, requir- 
ing that every input quantum must have a finite width. If 
an input quantum has a value of zero (a differential 
linearity error of —ILSB), a missing code will occur but 
the converter may still be monotonic. Thus, no missing 
codes represent a more stringent definition of perfor- 
mance than does monotonicity. ADC80H is guaranteed 
to have no missing codes to 12-bit resolution over its full 
specification temperature range. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantiza- 
tion error of ±1/2LSB. This error is a fundamental 
property of the quantization process and cannot be elim- 
inated. 

UNIPOLAR OFFSET ERROR 

An ADC80H connected for uniplolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value 1/2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from the 
ideal value, and is applicable only to converters operat- 
ing in the unipolar mode. 

BIPOLAR OFFSET ERROR 

A/D converter specifications have historically defined 
bipolar offset at the first transition value above the 
minus full-scale value. The ADC80H follows this con- 
vention. Thus, bipolar offset error for the ADC80H is 



TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 



Binary (BIN) Output 


Input Voltage Range and LSB Values | 


Analog Input Voltage Range 


Defined As 


±10V 


±5V 


±2 5V 


Oto+lOV 


to +5V 


Code Designation 




COB* or CTC" 


COB or CTC 


COB or CTC 


CSB*" 


CSB 


One Least Significant 
Bit (LSB) 


FSR/2" 
n = 8 
n = 10 
n = 12 


20V/2" 
78 13mV 
19 53m V 

4 88mV 


10V/2" 
39 06mV 
9 77mV 
2 44mV 


5V/2" 
19 53m V 
4.88mV 
122mV 


10V/2" 
39 06mV 
9 77mV 
2 44mV 


5V/2" 
19 53m V 
4 88mV 
1 22mV 


Transition Values 
MSB LSB 
OOIh to OOOh 
800h to 7FFh 
FFFh to FFEh 


+Full Scale 

Mid Scale 

-Full Scale 


+10V - 3/2LSB 


-10V + 1/2LSB 


+5V - 3/2LSB 


-5V+1/2LSB 


+2 5V - 3/2LSB 


-2 5V + 1/2LSB 


+ 10V-3/2LSB 

+5V 

0+1/2LSB 


+5V - 3/2LSB 

+ 2 5V 

+ 1/2LSB 


*COB = Complementary Offset Binary **CTC = Complementary Two's Complement— obtained by using the complement of the most 
***CSB = Complementary Straight Binary significant bit (MSB) MSB is available on pin 8 
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defined as the deviation of the actual transition value 
from the ideal transition value located 1/2LSB above 
minus full scale. 

GAIN ERROR 

The last output code transition (00 1h to OOOh) occurs for 
an analog input value 3/2LSB below the nominal plus 
full-scale value. Gain error is the deviation of the actual 
analog value at the last transition point from the ideal 
value. 

ACCURACY DRIFT YS TEMPERATURE 

The temperature coefficients for gain, unipolar offset, 
and bipolar offset specify the maximum change from the 
actual 25°C value to the value at the extremes of the 
specification range. The temperature coefficient applies 
independently to the two halves of the temperature range 
above and below +25°C. 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADC80H assume the 
application of the rated power supply voltages of+5V 
and ±12V or ±I5V. The major effect of power supply 
voltage deviations from the rated values will be a small 
change in the plus full-scale value. This change, of 
course, results in a proportional change in all code tran- 
sition values (i.e. a gain error). The specification describes 
the maximum change in the plus full-scale value from 
the initial value for independent changes in each power 
supply voltage. 

TIMING CONSIDERATIONS 

Timing relationships of the ADC80H are shown in Fig- 
ure 2. It should be noted that although the convert 
command pulse width must be between lOOnsec and 
2/usec to obtain the specified conversion time with inter- 
nal clock, the ADC80H will accept longer convert com- 
mands with no loss of accuracy, assuming that the 
analog input signal is stable. In this situation, the actual 
indicated conversion time (during which status is high) 
for 12-bit operation will be equal to approximately 1/xsec 
less than the sum of the factory-set conversion time and 
the length of the convert command. The code returned 
by the converter at the end of the conversion will accu- 
rately represent the analog input to the converter at the 
time the convert command returns to the low state. In 
addition, although the initial state of the converter Will 
be indeterminate when power is first applied, it is 
designed to time-out and be ready to accept a convert 
command within approximately 25Msec after power-up, 
provided that either an external clock source is present 
or the internal clock is not inhibited. 
During conversion, the decision as to the proper state of 
any bit (bit "n") is made on the rising edge of clock pulse 
"n + 1". Thus, a complete conversion requires 13 clock 
pulses with the status output dropping from logic "1" to 
logic "0" shortly after the rising edge of the 13th clock 
pulse, and with valid output data ready to be read at that 
time. A new conversion may not be initiated until 



50nsec after the fall of the last clock pulse (pulse 13 for 
12-bit operation). 

Additional convert commands applied during conver- 
sion will be ignored. 
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BIT 12 
SERIAL 



"L_E 



DATA O ATA INtfALIP| BIT 1 1 BIT 2| BIT 3IBIT 4| BIT 51 BIT 6 1 BIT 71 BIT 8 1 BIT 9 IBIT lOIBIT lllBIT 121 



Symbol 


Parameter 


Typ. 


Units 


tcD 


Clock delay from convert command 


30 


nsec 


tcP 


Nominal clock period 


1.65 


fjsec 


tew 


Nominal clock pulse width 


0.65 


yusec 


tsD 


Status delay from convert command 


130 


nsec 


Ir 


All bits reset delay from convert command 


65 


nsec 


tov 


Data valid time from clock pulse high 


-35 


nsec 



FIGURE 2. ADC80H Timing Diagram (nominal values 
at +25°C with internal clock). 

DEFINITION OF DIGITAL CODES 
Parallel Data 

Three binary codes are available on the ADC80H paral- 
lel output; all three are complementary codes, meaning 
that logic "0" is true. The available codes are comple- 
mentary straight binary (CSB) for unipolar input signal 
ranges, and complementary offset binary (COB) and 
complementary two's complement (CTC) for bipolar 
input signal ranges. CTC coding is obtained by comple- 
menting bit 1 (the MSB) relative to its normal state for 
CSB or COB coding; the complement of bit 1 is available 
on pin 8. 
Serial Data 

Two (complementary) straight binary codes are available 
on the serial output of the ADC80H; as in the parallel 
case, they are CSB and COB. The serial data is available 
only during conversion and appears with the most signifi- 
cant bit (MSB) occurring first. The serial data is syn- 
chronous with the internal clock as shown in the timing 
diagram of Figure 2. The LSB and transition values of 
Table I also apply to the serial data output, except that 
the CTC code is not available. All clock pulses available 
from the ADC80H have equal pulse widths to facilitate 
transfer of the serial data into external logic devices 
without external shaping. 
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LAYOUT AND OPERATING 
INSTRUCTIONS 

LAYOUT PRECAUTIONS 

Analog and digital commons are not connected together 
internally in the ADC80H, but should be connected 
together as close to the unit as possible, preferably to an 
analog common ground plane beneath the converter. If 
these common lines must be run separately, use wide 
conductor pattern and a O.OIjjlF to 0.1/uF nonpolarized 
bypass capacitor between analog and digital commons at 
the unit. Low impedance analog and digital common 
returns are essential for low noise performance. Cou- 
pling between analog input lines and digital lines should 
be minimized by careful layout. For instance, if the lines 
must cross, they should do so at right angles. Parallel 
analog and digital lines should be separated from each 
other by a pattern connected to common. If external 
gain and offset potentiometers are used, the potentiome- 
ters and associated resistors should be located as close to 
the ADC80H as possible. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with 1/xF to 10/xF 
tantalum bypass capacitors located close to the conver- 
ter to obtain noise-free operation. Noise on the power 
supply lines can degrade the converter's performance. 
Noise and spikes from a switching power supply are 
especially troublesome. 

ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the analog input signal to 
the ADC80H will be driving into a nominal DC input 
impedance of 2.3kn to 9.2kn depending upon the range 
selected. However, the output impedance of the driving 
source should be very low, such as the output impedance 
provided by a wideband, fast-settling operational ampli- 
fier. Transients in A/D input current are caused by the 
changes in output current of the internal D/A converter 
as it tests the various bits. The output voltage of the 
driving source must remain constant while furnishing 
these fast current changes. If the application requires a 
sample/ hold, select a sample/ hold with sufficient band- 
width to preserve the accuracy or use a separate wide- 
band buffer amplifier to lower the output impedance. 

INPUT SCALING 

The ADC80H offers five standard input ranges: OV to 
+5V, OV to +10V, +2.5V, ±5V, and ±10V. The input 
range should be scaled as close to the maximum input 
signal range as possible in order to utilize the maximum 
signal resolution of the converter. Select the appropriate 
input range as indicated by Table II. The input circuit 
architecture is illustrated in Figure 3. Use of external 
padding resistors to modify the factory-set input ranges 
(such as addition of a small external input resistor to 
change the lOV range to a 10.24V range) will require 
matching of the external fixed resistor values to individ- 
ual devices, due to the large tolerance of the internal 



input resistors. Alternatively, the gain range of the con- 
verter may easily be increased a small amount by use of a 
low temperature coefficient potentiometer in series with 
the analog input signal or by the decreasing the value of 
the gain adjust series resistor in Figure 5. 

TABLE II. ADC80H Input Scaling Connections. 











Connect 


Input 




Connect 


Connect 


Input 


Signal 


Output 


Pin 12 


Pin 14 


Signal 


Range 


Code 


To Pin 


To 


To 


±10V 


COB or CTC 


11 


Input Signal 


14 


±5V 


COB or CTC 


11 


Open 


13 


±2.5V 


COB or CTC 


11 


Pmll 


13 


to +5V 


CSB 


15 


Pin 11 


13 


to +10V 


CSB 


15 


Open 


13 



10V RANGE : 



20V RANGE - 



R2 



4.6kQ R, < 46|(0 



11 



COMP IN 

BIPOLAR 

OFFSET 12 

ANALOG — 

COMMON ^^ 



FROM D/A 
5.8kQ 



CONVERTER > 



TO 
SAR 



COMPARATOR 



FIGURE 3. ADC80H Input Scaling Circuit. 

CALIBRATION 

Optional External Gain And Offset Adjustments 

Gain and offset errors may be trimmed to zero using 
external offset and gain trim potentiometers connected 
to the AT)C80H as shown in Figures 4 and 5 for both 
unipolar and bipolar operation. Multiturn potentiome- 
ters with 100ppm/°C or better TCR are recommended 
for minimum drift over temperature and time. These 



(A) 



l.5Mn- 
i.8Mn 



COMP IN 



. lOkn TO 

>100kQ 
' OFFSET 
ADJUST 



FIGURE 4. Two Methods of Connecting Optional 
Offset Adjust. 




COMP IN 



(A) 

GAIN ADJUST 8.2Mn- 
16 



+Vcc 

lOkQ 
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COMMON 




-Vcc 



FIGURE 5. Two Methods of Connecting Optional Gain 
Adjust. 
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pots may be of any value between lOkO and lOOkO. All 
fixed resistors should be 20% carbon or better. Although 
not necessary in some applications, pin 16 (Gain Adjust) 
should be preferably bypassed with a 0.01/iF nonpolar- 
ized capacitor to analog common to minimize noise 
pickup at this high impedance point, even if no external 
adjustment is required. 

Adjustment Procedure 

OFFSET — Connect the offset potentiometer as shown 
in Figure 4. Set the input voltage to the nominal zero or 
minus full-scale voltage plus 1/2LSB. For example, refer- 
ring to Table I, this value is -lOV +2.44mV or -9.99756V 
for the -lOV to -HlOV range. 

With the input voltage set as above, adjust the offset 
potentiometer until an output code is obtained which is 
alternating between FFEh and FFFh with approximately 
50% occurence of each of the two codes. In other words, 
the potentiometer is adjusted until bit 12 (the LSB) indi- 
cates a true (logic "0") condition approximately half the 
time. 

GAIN — Connect the gain adjust potentiometer as shown 
in Figure 5. Set the input voltage to the nominal plus 
full-scale value minus 3/2LSB. Once again referring to 
Table I, this value is +I0V -7.32mV or +9.99268V for 



the — lOV to +IOV range. Adjust the gain potentiometer 
until the output code is alternating between OOOh and 
001 H with an approximate 50% duty cycle. As in the case 
of offset adjustment, this procedure sets the converter 
end-point transition to a precisely known value. 

CLOCK OPTIONS 

The ADC80H is extremely versatile in that it can be 
operated in several different modes with either internal 
or external clock. Most of these options can be imple- 
mented with inexpensive TTL logic as shown in Figures 
6 through 9. When operating with an external clock, the 
conversion time may be as short as ISjusec (800kHz 
external clock frequency) with assured performance 
within specified limits. When operating with the internal 
clock, pin 19 (external clock input) and pin 20 (clock 
inhibit) may be left unconnected. No external pull-ups 
are required due to the inclusion of pull-up resistors in 
the ADC80H. Pin 20 (clock inhibit) must be grounded 
for use with an external clock, which is applied to pin 19. 

SHORT-CYCLE FEATURE 

A short-cycle input (pin 21) permits the conversion to be 
terminated after any number of desired bits has been 
converted, allowing shorter conversion times in applica- 



CONVERT 
COMMAND 



ADC80H 



SHORT 
CYCLE 

CLOCK 
INHIBIT 

EXTERNAL 
CLOCK 



10BIT 



f OPERATION 



OPTIONAL 
^CONNECTION 



FIGURE 6. Internal Clock— Normal 

Operating Mode. (Conversion 
initiated by the rising edge of 
the convert command. The 
internal clock runs only 
during conversion.) 
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EXTERNAL BIT „ 


2" .; 


EXTERNAL 
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FIGURE 8. Continuous Conversion with 
External Clock. (Conversion is 
initiated by 14th clock pulse. 
Clock runs continuously.) 
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COM. INHIBIT 


28 


21 
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FKjURE 7. Continuous External Clock. (Conversion initiated by 
rising edge of convert command. The convert 
command must be synchronized with clock.) 



-I-5V -I-5V 



2.2kfi 
14r22pF 



33kQ ^ 2.21(0 



>CLR 



il/2 0- 
74LS123 




lOkO 



200nsec 

5 -n- 18 



>CLR 
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74LS123 



CONVERT 
COMMAND 
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ADC80H CYCLE 



CLOCK 
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STATUS EXTERNAL 
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NO 

CONNECTION 

NECESSARY 



FIGURE 9. Continuous Conversion with 600nsec between 

Conversions. (Circuit insures that conversion will start 
when power is applied.) 
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tions not requiring full 12-bit resolution. In these situa- 
tions, the short-cycle piri should be connected to the bit 
output pin of the next bit after the desired resolution. 
For example, when 10-bit resolution is desired, pin 21 is 
connected to pin 28 (bit II). In this example, the conver- 
sion cycle terminates and status is reset after the bit 10 
decision. Short-cycle pin connections and associated 
maximum 12-, 10-, and 8-bit conversion times (with 
internal clock) are shown in Table III. Also shown are 
recommended minimum conversion times (external 
clock) for these conversion lengths to obtain the stated 
accuracies. The ADC80H is not factory-tested for these 
external clock conversion speeds and the product is not 
guaranteed to achieve the stated accuracies under these 
operating conditions; the recommended values are offered 
as an aid to the user. 

TABLE III. Short-Cycle Connections and Conversion 
Times for 8-, 10-, and 12-Bit Resolutions — 
ADC80H. 



Resolution (Bits) 


12 


10 


8 


Connect pin 21 to 


Pin 9 or NC 


Pin 28 


Pin 30 


Maximum Conversion Time"' 
Internal Clock (jusec) 


25 


22 


18 


Minimum Conversion Time'^' 
External Clock (//sec) 


15 


13 


10 


Maximum Linearity Error 
At +25°C (% of FSR) 


0012 


048 


20 



NOTE (1) Conversion time to maintain +1/2LSB linearity error 

ENVIRONMENTAL SCREENING 

The inherent reliability of a semiconductor device is con- 
trolled by the design, materials, and fabrication of the 
device — it cannot be improved by testing. However, the 
use of environmental screening can eliminate the major- 
ity of those units which would fail early in their lifetimes 
(infant mortality) through the application of carefully 
selected accelerated stress levels. Burr-Brown Q models 
are environmentally screened versions of our standard 
industrial products, designed to provide enhanced relia- 
bility. The screening illustrated in Table IV is performed 



to selected methods of MIL-STD-883. Reference to 
these methods provides a convenient way of communi- 
cating the screening levels and basic procedures em- 
ployed; it does not imply conformance to any other mil- 
itary standards or to any methods of MIL-STD-883 
other than those specified. Burr-Brown's detailed proce- 
dures may vary slightly, model-to-model, from those in 
MIL-STD-883. 

TABLE IV. Screening Flow for ADC80H-AH-12Q 



Screen 


MiL-STD-883 
Condition 


Screening 
Levei 


Internal Visual 


Burr-Brown 
QC4118 




High Temperature 
Storage 
(Stabilization Bake) 


1008, C 


24 hour. +150°C 


Temperature Cycling 


1010, C 


10 cycles, -65°C 
to +150°C 


Constant Acceleration 


2001, A 


5000 G 


Electrical Test 


Burr-Brown 
test procedure 




Burn-in 


1015, B 


160 hour, +125°C, 
steady-state 


Hermeticity 
Fine Leak 
Gross Leak 


1014, A1 or A2 
1014, C 


5X10"^ atm cc/sec 

bubble test only, 

preconditioning omitted 


Final Electrical 


Burr-Brown 
test procedure 




Final Drift 


Burr-Brown 
test procedure 




External Visual 


Burr-Brown 
QC5150 
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ADC80MAH-12 



AVAILABLE IN 
DIE FORM 



Monolithic 12-Bit 
ANALOG-TO-DIGITAL CONVERTER 



FEATURES 

• INDUSTRY-STANDARD 12-BIT ADC 

• MONOLITHIC CONSTRUCTION 

• LOW COST 

• ±0.012% LINEARITY 

• 25a/S max conversion TIME 

• ±12V or ±15V OPERATION 

• NO MISSING CODES -25°C to +85'C 

• HERMETIC 32-PIN PACKAGE 

• PARALLEL OR SERIAL OUTPUTS 

• 705mW MAX DISSIPATION 

DESCRIPTION 

The ADC80MAH-12 is a 12-bit single-chip successive- 
approximation analog-to-digital converter for low 
cost converter applications. It is complete with a 
comparator, a 12-bit DAC which includes a 6.3V 
reference laser-trimmed for minimum temperature 
coefficient, a successive approximation register 
(SAR), clock, and all other associated logic func- 
tions. 

Internal scaling resistors are provided for the 
selection of analog input signal ranges of +2.5V, 
±5V, ±10V, to +5V, or to +10V. Gain and offset 
errors may be externally trimmed to zero, enabling 
initial end-point accuracies of better than ±0.12% 
(+1/2LSB). 

The maximum conversion time of 25jlis makes the 
ADC80MAH-12 ideal for a wide range of 12-bit 
applications requiring system throughput sampling 
rates up to 40kHz. In addition, this A/ D converter 
may be short-cycled for faster conversion speed with 



reduced resolution, and an external clock may be 
used to synchronize the converter to the system clock 
or to obtain higher-speed operation. The convert 
command circuits have been redesigned to allow 
simplified free-running operation with internal or 
external clock. 

Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are TTL/LSTTL-compa- 
tible, with internal pull-up resistors included on all 
digital inputs to eliminate the need for external pull- 
up resistors on digital inputs not requiring connec- 
tion. The ADC80MAH-12 operates equally well 
with either ±15V or ±I2V analog power supplies, 
and also requires use of a +5V logic power supply. 
However, unlike many ADCSO-type products, a 
+5V analog power supply is not required. It is 
packaged in a hermetic 32-pin side-brazed ceramic 
dual-in-line package. 
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SPECIFICATIONS 



ELECTRICAL 

At Ta = +25°C, ±Vcc = 



127 or 15V, Vdd = +5V unless otherwise specified 



MODEL 


ADC80MAH-12 


UNITS 


MIN 


TYP 


MAX 


RESOLUTION 






12 


Bits 


INPUT 1 


ANALOG 










Voltage Ranges Unipolar 




to +5,0 to +10 




V 


Bipolar 




+2 5, +5, +10 




V 


Impedance 0to+5V, +2 5V 


2 45 


25 


2 55 


kO 


to +10V. +5V 


49 


5 


51 


kQ 


+10V 


98 


10 


102 


kQ 


DIGITAL 










Logic Characteristics (Over specification temperature range) 










V,H (Logic "1") 


20 




55 


V 


V,L (Logic "0") 


-0 3 




+0 8 


V 


liH (ViN = +2 7V) 






20 


A'A 


liL (V,N = +0 4V) 


-20 






//A 


Convert Command Pulse Width'^' 


100ns 




20 


/US 


TRANSFER CHARACTERISTICS 










ACCURACY 










Gam Error'^' 




+0 1 


±0 3 


% of FSR'" 


Offset Error'^' Unipolar 




±0 05 


±0 2 


% of FSR 


Bipolar 




±0 1 


±0 3 


% of FSR 


Linearity Error 






±0 012 


% of FSR 


Differential Linearity Error 




±1/2 


±3/4 


LSB 


Inherent Quantization Error 




±1/2 




LSB 


POWER SUPPLY SENSITIVITY 










11 4V< + Vcc<16 5V 




±0 003 


±0 009 


% of FSR/%Vcc 


+4 5V < Vdd < +5 5V 




±0 002 


±0 005 


% of FSR/%Vdd 


DRIFT 










Total Accuracy, Bipolar"" 




±10 


±23 


ppm/°C 


Gam 




±15 


±30 


ppm/°C 


Offset Unipolar 




±3 




ppm of FSR/°C 


Bipolar 




±7 


±15 


ppm of FSR/°C 


Linearity Error Drift 




±1 


±3 


ppm of FSR/°C 


Differential Linearity over Temperature Range 






±3/4 


LSB 


No Missing Code Temperature Range 


-25 




+85 


°C 


Monotonicity Over Temperature Range 




Guaranteed 






CONVERSION TIME'^> 




22 


25 


fJS 


OUTPUT 1 


DIGITAL (Bits 1-12, Clock Out, Status, Serial Out) 










Output Codes'®' 










Parallel Unipolar 




CSB 






Bipolar 




COB, CTC 






Serial (NRZ)'^' 




CSB, COB 






Logic Levels Logic (lsiNK<3 2mA) 






+0 4 


V 


Logic 1 (lsouRCE<80/uA) 


+2 4 






V 


Internal Clock Frequency 




520 




kHz 


INTERNAL REFERENCE VOLTAGE 










Voltage 


+6 20 


+6 3 


+6 40 


V 


Source Current Available for External Loads'®' 


200 






mA 


Temperature Coefficient 




±10 


±30 


ppm/°C 


POWER SUPPLY REQUIREMENTS 










Rated Supply Voltages 




+5, ±12 or ±15 




V 


Supply Ranges ±Vcc 


±11 4 




±165 


V 


Vdd 


+4.5 




+5 5 


V 


Supply Dram +lcc (+Vcc = 15V) 




85 


11 


mA 


-Ice (-Vcc - 15V) 




21 


24 


mA 


Idd (Vcc = 5V) 




30 


36 


mA 


Power Dissipation (±Vcc = 15V, Vdd = 5V) 




593 


705 


mW 


Thermal Resistance, ^ja 




50 




°C/W 


TEMPERATURE RANGE (Ambient) 










Specification 


-25 




+85 


°C 


Operating (derated specs) 


-55 




+125 


"C 


Storage 


-65 




+150 


°C 



NOTES: (1) Accurate conversion will be obtained with any convert command pulse width of greater than 100ns, however, it must 
be limited to 20a/s (max) to assure the specified conversion time. (2) Gam and offset errors are adjustable to zero See "Optional 
External Gain and Offset Adjustment" section. (3) FSR means Full-Scale Range and is 20V for +10V range, 10V for ±5V and O to 
+10V ranges, etc (4) Includes drift due to linearity, gain, and offset drifts (5) Conversion time is specified using internal clock 
For operation with an external clock see "Clock Options" section. This converter may also be short-cycled to less than 12-bit 
resolution for shorter conversion time, see "Short Cycle Feature" section (6) CSB means Complementary Straight Binary, COB 
means Complementary Offset Binary, and CTC means Complementary Two's Complement coding See Table I for additional 
information (7) NRZ means Non-Return-to-Zero coding (8) External loading must be constant during conversion, and must 
not exceed 200/uA for guaranteed specification 
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CONNECTION DIAGRAM 



Top View 



Pin 1 


Bit 6 


Pin32 


Bit 7 


Pin 2 


Bits 


Pin 31 


Bits 


Pin 3 


Bit 4 


PinSO 


Bit 9 


Pin 4 


Bit 3 


Pin29 


Bit 10 (LSB— 10 Bits) 


Pin 5 


Bit 2 


Pin 28 


Bit 11 


Pin 6 


Bit 1 (MSB) 


Pm27 


Bit 12 (LSB— 12 Bits) 


Pm7 


N/C* 


Pin26 


Serial Out 


Pin 8 


Bitl (MSB) 


Pin 25 


-Vcc 


Pin 9 


+5V Digital Supply 


Pin 24 


Reference Out (+6 3V) 


Pin 10 


Digital Common 


Pin 23 


Clock Out 


Pin 11 


Comparator In 


Pin 22 


Status 


Pin 12 


Bipolar Offset 


Pin 21 


Short Cycle 


Pin 13 


R1 10V Range 


Pin20 


Clock Inhibit 


Pin 14 


R2 20V Range 


Pm 19 


External Clock 


Pm 15 


Analog Common 


Pm 18 


Convert Command 


Pin 16 


Gam Adjust 


Pm 17 


+Vcc 



* +5V applied to pm 7 has 
no effect on circuit 



12-Bit Successive 
Approx Register 





MECHANICAL 



ABSOLUTE MAXIMUM RATINGS 




Leads in true position 
within 010" ( 25mm) R 
at MMC at seating plane 

Seal ring is connected 
to pm 15 



=M° F 

^Ld^ Seating 
Plane 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


1584 


1616 


40 23 


4105 


B 


885 


905 


22 48 


22 99 


c 


124 


166 


315 


4 22 


D 


016 


020 


41 


51 


F 


045 


055 


1 14 


140 


G 


100 BASIC 


2 54 BASIC 


J 


009 


012 


23 


30 


K 


165 


175 


419 


4 45 


L 


900 BASIC 


22 86 BASIC 


N 


040 1 060 


102 1 152 



CASE Ceramic, hermetic 
MATING CON- 
NECTOR 2302MC 
WEIGHT 8 4gm (0 29oz) 



+Vcc to Analog Common to +16 5V 

-Vcc to Analog Common to -16 5V 

Vdd to Digital Common to +7V 

Analog Common to Digital Common ±0 5V 

Logic Inputs (Convert Command, Clock In) 

to Digital Common -0 3Vto+Vcc 

Analog Inputs (Analog In, Bipolar Offset) 

to Analog Common ±16 5V 

Reference Output Indefinite Short to Common, 

Momentary Short to Vcc 

Lead Temperature, Soldering +300°C, 10s 

Maximum Junction Temperature +160°C 

CAUTION These devices are sensitive to electrostatic discharge. 
Appropriate I C handling procedures should be followed 

Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device Exposure to absolute maxi- 
mum conditions for extended periods may affect device reliability 



TYPICAL PERFORMANCE 
CURVES 



ORDERING INFORMATION 



ADC80MAH-12 
ADC80MAH-12/QM" 



Resolution 
(bits) 



12 
12 



BURN-IN SCREENING OPTION 



Model 



ADC80MAH-12-BI 



Burn-In Temp. 
(160h)'^' 



+125°C 



NOTE (1) Environmental Screening, see 
Table IV (2) Or equivalent See text 



01 
08 
06 

y ""^ 

o c 02 

UJ <D 

2? 2 008 

b2 °°°^ 
# o 004 

002 

001 


VS PC 


POV\/ER S 
)WER SUP 


UPPLY RE 
PLY RIPPL 


JECTION 
E FREQUE 


:ncy 
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h^ 
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=^=^ 
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■^ 
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/ 










•v 








— — <l 


5V Supply 
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Frequency (Hz) 


)k 
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200 
175 
150 
0125 
100 
075 
050 
025 





LINEARITY ERROR VS 


COh 


JVEF 


?SIO 


N T 


ME 








' 


^8-E 


Jit Linearity* 
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\ 
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3itL 


inea 


rity* 


















V 










1 1 
^12-Bit Linearity 
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r4-- 
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._. 
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"N 




lzj: 











200 
>> 175 

S 150 
c _ 
3 EC 
5^ 125 

c o 

£^ 100 

Q 2 075 

5. 050 
<^ 

025 



DIFFERENTIAL LINEARITY ERROR 
VS CONVERSION TIME 



) 2 4 6 8 10 12 14 16 18 20 22 24 26 

Conversion Time (/iS) 
♦Conversion Time can be further reduced by using Short-Cycle feature 







^8-Bit Differential Lineanty* 
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DISCUSSION OF 
SPECIFICATIONS 

LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Under 
this definition of linearity (sometimes referred to as 
integral linearity), ideal transition values lie on a line 
drawn through zero (or minus full scale for bipolar 
operation) and plus full scale, providing a significantly 
better definition of converter accuracy than the best- 
straight-line-fit definition of linearity employed by some 
manufacturers. 

The zero or minus full-scale value is located at an analog 
input value 1/2LSB before the first code transition 
(FFFh to FFEh). The plus full-scale value is located at 
an analog value 3/2LSB beyond the last code transition 
(00 1 H to OOOh). See Figure 1 which illustrates these 
relationships. A linearity specification which guarantees 
+ 1/2LSB maximum hnearity error assures the user that 
no code transition will differ from the ideal transition 
value by more than +1/2LSB. 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of 20V (±10V 
operation), the minus full-scale value of — lOV is 2.44mV 
below the first code transition (FFFh to FFEh at 
-9.99756V) and the plus full-scale value of +10V is 
7.32mV above the last code transition (OOIh to OOOh at 




-Full 
Scale 



Analog Input 



m 
oc 

Ul 

> 
z 
o 
o 

o 

z 
o 

g 

I- 

z 

LU 

s 

D 
OC 

!s 

Z 



FIGURE 1. Transfer Characteristic Terminology. 

+9.99268V). Ideal transitions occur ILSB (4.88mV) apart, 
and the +1/2LSB linearity specification guarantees that 
no actual transition will vary from the ideal by more 
than 2.44mV. The LSB weights, transition values, and 
code definitions for each possible ADC80 analog input 
signal range are described in Table I. 



TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 



Binary Output 


Input Voltage Range and LSB Values | 


Analog Input Voltage Range 


Defined As 


±10V 


±5V 


+2 5V 


to +10V 


to +5V _ 


Code Designation 




COB"' or CTC"^' 


COB or CTC 


COB or CTC 


CSB'=" 


CSB 


One Least Significant 


FSR/2" 


20V/2" 


10V/2" 


5V/2" 


10V/2" 


5V/2" 


Bit (LSB) 


n = 8 


78.13mV 


39 06mV 


19 53m V 


39 06mV 


19 53mV 




n = 10 


19 53m V 


9 77mV 


4.88mV 


9.77mV 


4 88mV 




n = 12 


4.88mV 


2 44nnV 


1,22mV 


2 44mV 


1 22mv 


Transition Values 














MSB LSB 














OOlHtoOOOH 


+ Full Scale 


+10V - 3/2LSB 


+5V - 3/2LSB 


+2 5V - 3/2LSB 


+10V - 3/2LSB 


+5V - 3/2LSB 


800h to 7FFh 


MIdscale 








0' 


" +5V 


+2 5V 


FFFh to FFEh 


- Full Scale 


-10V + 1/2LSB 


-5V + 1/2LSB 


-2 5V + 1/2LSB 


+ 1/2LSB 


+ 1/2LSB 



CM 

I 

X 
< 

S 

o 

00 

O 
Q 
< 



NOTES (1) COB = Com plementary Offset Binary (2) CTC = Complementary Two's Complement— obtained by using the complement of the most 
significant bit (MSB) MSB is available on,pin 8 (3) CSB = Complementary Straight Binary 
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CODE WIDTH (QUANTUM) 

Code width (or quantum) is defined as the range of 
analog input values for which a given output code will 
occur. The ideal code width is ILSB, which for 12-bit 
operation with a 20V span is equal to 4.88mV. Refer to 
Table I for LSB values for other ADC80 input ranges. 

DIFFERENTIAL LINEARITY ERROR AND NO 
MISSING CODES 

Differential linearity error is the difference between an 
ideal ILSB code width (quantum) and the actual code 
width. A specification which guarantees no missing 
codes requires that every code combination appear in a 
monotonically increasing sequence as the analog input is 
increased throughout the range, requiring that every 
input quantum must have a finite width. If an input 
quantum has a value of zero (a differential linearity error 
of —ILSB), a missing code will occur but the converter 
may still be monotonic. Thus, no missing codes represent 
a more stringent definition of performance than does 
monotonicity. ADC80 is guaranteed to have no missing 
codes to 12-bit resolution over its full specification 
temperature range. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantiza- 
tion error of ±1/2LSB. This error is a fundamental 
property of the quantization process and cannot be 
eliminated. 

UNIPOLAR OFFSET ERROR 

An ADC80 connected for unipolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value 1/2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from the 
ideal value, and is applicable only to converters operating 
in the unipolar mode. 

BIPOLAR OFFSET ERROR 

A/D converter specifications have historically defined 
bipolar offset at the first transition value above the 
minus full-scale value. The ADC80 follows this conven- 
tion. Thus, bipolar offset error for the ADC80 is defined 
as the deviation of the actual transition value from the 
ideal transition value located I/2LSB above minus full 
scale. 

GAIN ERROR 

The last output code transition (001 h to OOOh) occurs for 
an analog input value 3/2LSB below the nominal plus 
full-scale value. Gain error is the deviation of the actual 
analog value at the last transition point from the ideal 
value. 

ACCURACY DRIFT VS TEMPERATURE 

The temperature coefficients for gain, unipolar offset, 
and bipolar offset specify the maximum change from the 



actual 25°C value to the value at the extremes of the 
Specification temperature range. The temperature coeffi- 
cient applies independently to the two halves of the 
temperature range above and below +25°C. 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADC80 assume the 
application of the rated power supply voltages of H-5V 
and +12V or ±15V. The major effect of power supply 
voltage deviations from the rated values will be a small 
change in the plus full-scale value. This change, of 
course, results in a proportional change in all code 
transition values (i.e., a gain error). The specification 
describes the maximum change in the plus full-scale 
value from the initial value for independent changes in 
each power supply voltage. 

TIMING CONSIDERATIONS 

Timing relationships of the ADC80 are shown in Figure 2. 
During conversion, the decision as to the proper state of 
any bit (bit "n") is made on the rising edge of clock pulse 
"n + I". Thus, a complete conversion requires 13 clock 
pulses with the status output dropping from logic "1" to 
logic "0" shortly after the falling edge of the I3th clock 
pulse, and with valid output data ready to be read at that 
time. 

Additional convert commands applied during conversion 
will be ignored. 

Status remains high until after the falling edge of the 13th 
clock pulse. This allows direct use of status for latching 
parallel data. 




Bit 4 m 



Bit 12 ^M^ 



A h-to^ 



Data Invahdl Bil 1 | Bit 2 1 Bil 3 | Bit 4 | Bil 5 | Bit 6 | Bit 7 



L_^ 

8|Bil9|Bit10|Bil1l|Bit12] 



Symbol 


Parameter 


Typ. 


Units 


tcD 


Clock delay from convert command 


153 


ns 


tcP 


Nominal clock period 


181 


/ws 


tew 


Nominal clock pulse width 


87 


/ys 


tsD 


Status delay from convert command 


186 


ns 


tR 


All bits reset delay from convert command 


141 


ns 


tDV 


Data valid time from clock pulse high 


-15 


ns 



FIGURE 2. Timing Diagram (nominal values at 4-25°C 
with internal clock). 



Burr-Brown IC Data Book 



9.1-40 



Vol. 33 



DEFINITION OF DIGITAL CODES 
Parallel Data 

Three binary codes are available on the ADC80 parallel 
output; all three are complementary codes, meaning that 
logic "0" is true. The available codes are complementary 
straight binary (CSB) for unipolar input signal ranges, 
and complementary offset binary (COB) and comple- 
mentary two's complement (CTC) for bipolar input 
signal ranges. CTG coding is obtained by complementing 
bit 1 (the MSB) relative to its normal state for CSB or 
COB coding; the complement of bit I is available on pin 8. 

Serial Data 

Two (complementary) straight binary codes are available 
on the serial output of the ADC80; as in the parallel 
case, they are CSB and COB. The serial data is available 
only during conversion and appears with the most 
significant bit (MSB) occurring first. The serial data is 
synchronous with the internal clock as shown in the 
timing diagram of Figure 2. The LSB and transition 
values of Table I also apply to the serial data output, 
except that the CTC code is not available. All clock 
pulses available from the ADC80 have equal pulse 
widths to facilitate transfer of the serial data into 
external logic devices without external shaping. 



LAYOUT AND OPERATING 
INSTRUCTIONS 

LAYOUT PRECAUTIONS 

Analog and digital commons are not connected together 
internally in the ADC80, but should be connected 
together as close to the unit as possible, preferably to an 
analog common ground plane beneath the converter. If 
these common lines must be run separately, use wide 
conductor pattern and a O.Ol/uF to O.l^iF nonpolarized 
bypass capacitor between analog and digital commons at 
the unit. Low impedance analog and digital common 
returns are essential for low noise performance. Coupling 
between analog input lines and digital lines should be 
minimized by careful layout. For instance, if the lines 
must cross, they should do so at right angles. Parallel 
analog and digital lines should be separated from each 
other by a pattern connected to common. If external 
gain and offset potentiometers are used, the poten- 
tiometers and associated resistors should be located as 
close to the ADC80 as possible. Capacitive loading on 
comparator and input pins should be kept to a minimum 
to maintain converter performance. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with IjuF to lO/xF 
tantalum bypass capacitors located close to the converter 
to obtain noise-free operation. Noise on the power 
supply lines can degrade the converter's performance. 
Noise and spikes from a switching power supply are 
especially troublesome. 



ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the analog input signal to 
the ADC80 will be driving into a nominal DC input 
impedance of 2.3kn to 9.2kn depending upon the range 
selected. However, the output impedance of the driving 
source should be very low, such as the output impedance 
provided by a wideband, fast-settling operational ampli- 
fier. Transients in A/D input current are caused by the 
changes in output current of the internal D/ A converter 
as it tests the various bits. The output voltage of the 
driving source must remain constant while furnishing 
these fast current changes. If the application requires a 
sample/ hold, select a sample/ hold with sufficient band- 
width to preserve the accuracy or use a separate wideband 
buffer amplifier to lower the output impedance. 

INPUT SCALING 

The ADC80 offers five standard input ranges: OV to 
+5V, OV to +10V, +2.5 V, ±5V, and ±10V. The input 
range should be scaled as close to the maximum input 
signal range as possible in order to utilize the maximum 
signal resolution of the converter. Select the appropriate 
input range as indicated by Table II. The input circuit 
architecture is illustrated in Figure 3. External padding 
resistors can be added to modify the factory-set input 
ranges (such as addition of a small external input resistor 
to change the 10 V range to a 10.24V range). Alternatively, 
the gain range of the converter may easily be increased a 
small amount by use of a low temperature coefficient 
potentiometer in series with the analog input signal or by 
decreasing the value of the gain adjust series resistor in 
Figure 5. 



TABLE II. 


Input Scaling Connections. 












Connect 


Input 




Connect 


Connect 


Input 


Signal 


Output 


Pin 12 


Pin 14 


Signal 


Range 


Code 


To Pin 


To 


To 


+10V 


COB or CTC 


11 


Input Signal 


14 


+54V 


COB or CTC 


11 


Open 


13 


+2 5V 


COB or CTC 


11 


Pin 11 


13 


to +5V 


CSB 


15 


Pm 11 


13 


Oto+lOV 


CSB 


15 


Open 


13 



10V Range - 



20V Range - 



R2 



Comp In 

11 

Bipolar 

Offset 12 

Analog 

Common 15 



5kO 



From D/A 
-VA 1 

6 3kn I 

1 Vref 



Converter!^ H^ 

'^ Comparator 



CM 

X 

< 

o 

00 

o 

Q 
< 



FIGURE 3. Input Scaling Circuit. 
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CALIBRATION 

Optional External Gain And Offset Adjustments 

Gain and offset errors may be trimmed to zero using 
external offset and gain trim potentiometers connected 
to the ADC80 as shown in Figures 4 and 5 for both 
unipolar and bipolar operation. Multiturn potentiometers 
with 100ppm/°C or better TCR are recommended for 
minimum drift over temperature and time. These pots 
may be of any value between lOkH and lOOkH. All fixed 
resistors should be 20% carbon or better. Although not 
necessary in some applications, pin 16 (Gain Adjust) 
should be preferably bypassed with a 0.01 juF nonpolarized 
capacitor to analog common to minimize noise pickup at 
this high impedance point, even if no external adjustment 
is required. 



(A) 



1 5Mfi to 
18M0 y lOkQto 

~.^Vyv-— — -*^< lOOkQ 



Comp In 



Offset 
Adjust 



-Vcc 



(B) 




FIGURE 4. Two Methods of Connecting Optional 
Offset Adjust. 



(A) 



Gam Adjust 8 2Mfi to 




16 10MQ 


10kfi to 


i 01//F 


Z lOOkO 
► Gam 


Adjust 


15 T 




Analog 


-Vcc 


Common 





(B) 




-Vcc 



FIGURE 5. Two Methods of Connecting Optional Gain 
Adjust. 



Adjustment Procedure 

OFFSET— Connect the offset potentiometer as shown 
in Figure 4. Set the input voltage to the nominal zero or 
minus full-scale voltage plus 1/2LSB. For example, 
referring to Table I, this value is — lOV +2.44mV or 
-9.99756V for the -lOV to +10V range. 
With the input voltage set as above, adjust the offset 
potentiometer until an output code is obtained which is 
alternating between FFEh and FFFh with approximately 
50% occurrence of each of the two codes. In other words, 
the potentiometer is adjusted until bit 12 (the LSB) 
indicates a true (logic "0") condition approximately half 
the time. 

GAIN— Connect the gain adjust potentiometer as shown 
in Figure 5. Set the input voltage to the nominal plus 
full-scale value minus 3/2LSB. Once again referring to 
Table I, this value is +10V -7.32mV or +9.99268V for 
the -lOV to -MOV range. Adjust the gain potentiometer 



until the output code is alternating between OOOh and 
OOIh with an approximate 50% duty cycle. As in the case 
of offset adjustment, this procedure sets the converter 
end-point transitions to a precisely known value. 

CLOCK OPTIONS AND SHORT CYCLE FEATURE 

The ADC80 is extremely versatile in that it can be 
operated in several different modes with either interna) 
or external clock. Most of these options can be imple- 
mented with inexpensive TTL logic as shown in Figures 
6 through 9. Pin 20 (clock inhibit) must be grounded for 
use with an external clock, which is applied to pin 19. 

A short-cycle input (pin 21) permits the conversion to be 
terminated after any number of desired bits has been 
converted, allowing shorter conversion times in applica- 
tions not requiring full 12-bit resolution. In these situa- 
tions, the short-cycle pin should be connected to the bit 
output pin of the next bit after the desired resolution. 
For example, when 10-bit resolution is desired, pin 21 is 
connected to pin 28 (bit 11). In this example, the 
conversion cycle terminates and status is reset after the 
bit 10 decision. Short-cycle pin connections and associ- 
ated maximum 12-, 10-, and 8-bit conversion times (with 
internal clock) are shown in Table III. Shorter conversion 
times are possible with an external clock applied to pin 
19. With increasing clock speed, linearity performance 
will begin to degrade as indicated in the Typical Perfor- 
mance Curves. These curves should be used only as 
guidelines because guaranteed performance is specified 
and tested only with the internal clock. 



TABLE III. Short-Cycle Connections and Conversion 
Times for 8-, I0-, and 12-Bit Resolutions— 
ADC80MAH-I2. 



Resolution (Bits) 


12 


10 


8 


Connect pin 21 to 


Pin 9 or NC 


Pin 28 


Pin 30 


Maximum Conversion Time'^' 
' Internal Clock (/js) 


25 


22 


18 


Maximum Linearity Error 
at +25°C (% of FSR) 


012 


048 


20 



NOTE (1) Conversion time to maintain ±1/2LSB linearity error 
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FIGURE 6. Continuous Conversion with External 
Clock. (Conversion is initiated by 14th 
clock pulse. Clock runs continuously.) 
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FIGURE 7. Continuous Conversion, 



FIGURE 8. Internal Clock— Normal Operating Mode. 
(Conversion initiated by the rising edge of 
the convert command. The internal clock 
runs only during conversion.) 
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FIGURE 9. Continuous External Clock. (Conversion intitiated by rising edge of 
convert command. The convert command must be synchronized with 
clock.) 

ENVIRONMENTAL SCREENING 

The inherent reliability of a semiconductor device is 
controlled by the design, materials, and fabrication of 
the device — it cannot be improved by testing. However, 
the use of environmental screening can eliminate the 
majority of those units which would fail early in their 
lifetimes (infant mortality) through the application of 
carefully selected accelerated stress levels. Burr-Brown Q 
models are environmentally screened versions of our 
standard industrial products, designed to provide 
enhanced reliability. The screening illustrated in Table 
IV is performed to selected methods of MIL-STD-883. 
Reference to these methods provides a convenient way 
of communicating the screening levels and basic pro- 
cedures employed; it does not imply conformance to any 
other military standards or to any methods of MIL- 
STD-883 other than those specified. Burr-Brown's 
detailed procedures may vary slightly, model-to-model, 
from those in MIL-STD-883. 

BURN-IN SCREENING 

Burn-in screening is an option available for the 
ADC80MAH. Burn-in duration is 160 hours at the 
maximum specified grade operating temperature (or 
equivalent combination of time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-BI" to the 
base model number. 



TABLE IV. Screening Flow for ADC80MAH-12/QM. 


Screen 


IMIL-STD-883 
IMethod, 
Condition 


Screening Level 


Internal Visual 


2010 




High Temperature Storage 
(Stabilization Bake) 


1008, C 


24 hour. +150°C 


Temperature Cycling 


1010. C 


10 cycles, -65°C 
to +150°C 


Constant Acceleration 


2001, A 


5000 G 


Electrical Test 


Burr-Brown 
test procedure 




Burn-in 


1015, B 


160 hour, +125°C. 
steady state 


Hermeticity 
Fine Leak 
Gross Leak 


1014, A1 orA2 
1014. C 


5 X 10'^ atm cc/s 

bubble test only, 

pre-conditioning 

omitted 


Final Electrical 


Burr-Brown 
test procedure 




Final Drift 


Burr-Brown 
test procedure 




External Visual 


2009 





(f) 

DC 
Ul 

OC 
UJ 

> 
z 
o 
o 

o 

z 
o 

I- 
z 

UJ 



DC 



CM 

r- 
I 

X 

< 

o 

00 

O 

a 

< 



Burr-Brown IC Data Book 



9.1-43 



Vol. 33 



BURR -BROWN® 




ADC84 

ADC85H 

ADC87H 



IC ANALOG-TO-DIGITAL CONVERTERS 



FEATURES 

• INDUSTRY STANDARD 12-BIT A/D CONVERTERS 

• COMPLETE WITH CLOCK AND INPUT BUFFER 

• HIGH SPEED CONVERSION: 10//$ (max) 

• REDUCED CHIP COUNT-HIGH RELIABILITY 

• LOWER POWER DISSIPATION: 450mW (typ) 

• ±0.012% MAX LINEARITY 



DESCRIPTION 

The ADC85H Series of analog-to-digital converters 
utilize state-of-the-art IC and laser-trimmed thin- 
film components, and are packaged in a 32-pin 
hermetic side-brazed package. 

Complete with internal reference and input buffer 
amplifier, they offer versatility and performance 
formerly offered only in larger modular or rack- 
mount packages. 

Thin-film internal scaling resistors are provided for 
the selection of analog input signal ranges of ±2.5V, 
±5V, ±10V, to +5V or to +10V. Gain and offset 
errors may be externally trimmed to zero, offering 



THREE TEMPERATURE RANGES: 
0°C to +70° C 
-25° C to +85° C 
-55°Cto+125°C 

NO MISSING CODES OVER FULL TEMPERATURE 
RANGE 

PARALLEL AND SERIAL OUTPUTS 
±12V or ±15V POWER SUPPLY OPERATION 
> HERMETIC 32-PIN CERAMIC SIDE-BRAZED DIP 



initial accuracies of better than ±0.012% (+1/2LSB). 

The fast lOjus conversion speed for 12-bit resolution 
makes these ADCs excellent for a wide range of 
applications where system throughput sampling rates 
of lOOkHz are required. In addition, they may be 
short cycled and the clock rate control may be used 
to obtain faster conversion speeds at lower reso- 
lutions. 

Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are CMOS/TTL-compat- 
ible. Power supply voltages are +12VDC or ±I5VDC 
and +5VDC. 



International Airport Industrial Park - P.O. Box 11400 - Tucson. Arizona 85734 - Tel. (602) 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6491 
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SPECIFICATIONS 

ELECTRICAL 

Specified at +25°C and rated supplies unless otherwise noted 



MODEL 


ADC84KG-12'" 


ADC85H-12 


ADC87H-12 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


RESOLUTION 






12 






* 






* 


Bits 


INPUTS 1 


ANALOG 


1 1 
















Voltage Ranges Bipolar 


±2.5, ±5, ±10 




* 






* 




V 


Unipolar 


to +5, to +10 




* 






* 




V 


Impedance (Direct Input) to +5V, ±2 5V 


2 45 


2 5 2 55 


* 


* 


* 


* 


* 


* 


kO 


to +10V, ±5V 


49 


5 


51 


* 


:i> 


* 


♦ 


* 


* 


kQ 


±10V 


98 


10 


102 


* 


* 


* 


* 


* 


* 


kQ 


Buffer Amplifier Impedance 


100 






* 






* 






MQ 


Bias Current 




50 






* 






* 




nA 


Settling Time to 






















01% for 20V step"' 




2 






* 






* 




/iS 


DIGITAL'"* 






















Convert Command 




Positive pulse 50ns (mm), trailing edge initiates conversion 






Logic Loading 




\ 1 1 L * ^ 


1 1 * 




TTL Load 


TRANSFER CHARACTERISTICS | 


ACCURACY 






















Gam Error"" 




±0 1 


±0 25 




* 


* 




* 


* 


% 


Offset Error"" Unipolar 




±0 05 


±0 2 




* 


* 




* 


* 


% of FSR'^' 


Bipolar 




±0 1 


±0 25 , 




* 


* 




* 


* 


% of FSR 


Linearity Error'®' 






±0 012 






* 






* 


% of FSR 


Inherent Quantization Error 




±0 5 






* 






* 




LSB 


Differential Linearity Error 




±0 5 






* 






* 




LSB 


No Missing Codes Temperature Range 







+70 


-25 




+85 


-55 




+125 


°C 


POWER SUPPLY SENSITIVITY 






















Gain and Offset +15V 




±0 004 






* 






* 




% of FSR/%Vs 


+5V 




±0 001 






* 






* 




% of FSR/%Vs 


DRIFT 






















Gam 






±30 






±15 






±15 


ppm/°C 


Offset Unipolar 




±3 






±3 








±5 


ppm of FSR/°C 


Bipolar 






±15 






±7 






±10 


ppm of FSR/°C 


Linearity 






±3 






±2 






±2 


ppm of FSR/°C 


Monotonicity 


Guaranteed 




* 






* 






CONVERSION TIME 


1 1 ""^ 






* 






* 


fJS 


DIGITAL OUTPUT'"' | 


(All Codes Complementary) 




















Parallel Output Codes Unipolar 




CSB 
















Bipolar 




COB, CTC 
















Output Drive 




2 1 














TTL Loads 


Serial Data Codes (NRZ) 




CSB, COB 
















Output Drive 




2 1 














TTL Loads 


Status 


Logic "1" during conversion 
















Output Drive 




2 
















TTL Loads 


Internal Clock Output Drive 




2 
















TTL Loads 


Freqifency'^' 




1 35 
















MHz 


INTERNAL REFERENCE VOLTAGE | 


Reference Output 


+6 2 


+6 3 


+6 4 




* 


* 


* 


* 


* 


V 


Max External Current With No Degradation 






200 






* 






* 


A/A 


Tempco of Drift 






±20 




±5 


±10 




±5 


±10 


ppm/°C 


POWER SUPPLY REQUIREMENTS | 


Rated Supply Voltages 


+5, ±12 or ±15 




* 






* 




V 


Supply Ranges Vdd 


+4 75 , +5 25 


* 




* 


* 






V 


±Vcc 


±11 4 




±165 


* 




* 


* 






V 


Supply Dram +lcc 






20 






* 








mA 


-Ice 






25 






* 






* 


mA 


Idd 






10 






* 








mA 


Total Power Dissipation 




450 


725 




* 


* 




* 




mW 


TEMPERATURE RANGE | 


Specification 







+70 


-25 




+85 


-55 




+125 


°C 


Operating (with Derated Specs) 


-25 




+85 


-55 




+125 








°C 


Storage 


-65 




+150 


* 




* 


* 


. 




°C 


PACKAGE 


Hermetic Ceramic 


* 


* 





(/> 

f£ 
LU 

H 
OC 
LU 

> 

z 
o 
o 

Q 

z 
g 

z 

Ui 

S 

OC 

H 
(/) 



X 
00 

X 
iff 

CO 

O 

a 

< 



•Specification is the same as ADC84KG-12 
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NOTES: (1 ) Model ADC84KG-10 is the same as model ADC84KG-12 except for the following: (a) Resolution: 10 bits (max), (b) Linearity Error: ±0.048% of 
FSR (max), (c) Conversion Time: 6/us (max), (d) Internal Clock Frequency: 1.9MHz (typ). (2) If the buffer is used, delay Convert Command until amplifier 
settles. (3) DTL/TTL compatible. For digital inputs Logic "0" = 0.8V (max) and Logic "1" = 2.0V min. For digital outputs Logic "0" = 0.4V (max) and Logic 
"1" = 2.4V (min). (4) Adjustable to zero. (5) FSR means Full Scale Range. (6) The error shown is the same as ±1/2LSB max linearity error in % of 
FSR. (7) Internal clock is externally adjustable. 



CONNECTION DIAGRAM— ADC85H SERIES 



Top View 



(LSB for 12 bits) Bit 12 
Bit 11 
(LSB for 10 bits) Bit 10 
Bit 9 
Bit 8 
Bit 7 
Bite 
Bits 
Bit 4 
Bit 3 
Bit 2 

Bit 1 (MSB) @ 

Bit 1 (MSB) (^3) 

Short Cycle @ 

Digital Common /^ 

VOD (^ 




Serial Out 

-Vcc 

Buffer In 

Buffer Out 

+Vcc 

Gam Adjust 

Analog Common 

Rz 20V Range 

Ri 10V Range 

Bipolar Offset 

Comparator In 

Convert Command 

Status 

Clock Out 

Reference Out (+6 3V) 

Clock Rate Control 



MECHANICAL 



Pm numbers shown for 
reference only Pin numbers 
"may not be marked on package 



NOTE Leads in true position 
within 010" (0 25mm) R at MMC 
at seating plane 




Seating Plane 



PIN Pin material and plating 
composition conform to 
method 2003 (solderability) of 
MIL-STD-883 (except 
paragraph 3 2) 

HERMETICITY Conforms to 
Method 1014, Condition A1 or 
A2 (fine leak) and Condition C 
(gross leak) Metal lid of 
package is connected to -Vcc 
internally 



DIM 


INCHES 


MILLIMETERS i 


MIN 


MAX 


MIN 


MAX 


A 


1580 


1620 


4013 


4115 


B 


880 


900 


22 35 


22 86 


C 


138 


186 


3 51 


4 72 


D 


016 


020 


41 


51 


F 


040 TYP 


1 02 TYP 


G 


100 BASIC 


2 54 BASIC 


H 


044 


056 


112 


142 


J 


009 


012 


23 


30 


K 


165 


185 


419 


4 70 


L 


900 


920 


22 86 


23 37 


N 


040 


060 


102 


152 



ORDERING INFORMATION 



Model 


Resolution 

(Bits) 


Temperature 
Range 


ADC84KG-10 
ADC84KG-12 


10 
12 


0°Cto+70°C 
0°Cto+70°C 


ADC85H-12 
ADC85HQ-12* 


12 
12 


-25''Cto+85°C 
-25''Cto+85°C 


ADC87H-12 
ADC87HQ-12* 


12 
12 


-55°Cto+125«'C 
-55°Cto+125°C 



ORDERING INFORMATION 

BURN-IN SCREENING OPTION 

See text 



Model 


Burn-In Temp. 
(160h)"' 


ADC84KG-12-BI 

ADC85H-12-BI 

ADC87H-12-BI 


+125°C 
+125°C 
+125°C 



NOTE (1) Or equivalent combination See text 



* Environmental screening See Table II 
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THEORY OF OPERATION 

The accuracy of a successive approximation A/ D conver- 
ter is described by the transfer function shown in Figure 
1. All successive approximation A/ D converters have an 
inherent Quantization Error of + 1/2LSB. The remaining 
errors in the A/D converter are combinations of analog 
errors due to the linear circuitry, matching and tracking 
properties of the ladder and scaling networks, power 
supply rejection, and reference errors. In summary, these 
errors consist of initial errors including Gain, Offset, 
Linearity, Differential Linearity and Power Supply Sen- 
sitivity. Initial Gain and Offset errors may be adjusted to 
zero. Gain drift over temperature rotates the line (Figure 
1) about the zero or minus full scale point (all bits OFF) 
and Offset drift shifts the line left or right over the 
operating temperature range. Linearity error is unadjust- 
able and is the most meaningful indicator of A/D 
converter accuracy. Linearity error is the deviation of an 
actual bit transition from the ideal transition value at 
any level over the range of the A/D converter, A 
Differential Linearity error of +1/2LSB means that the 
width of each bit step over the range of the A/D 
converter is ILSB +1/2LSB. 



The ADC84, ADC85H and ADC87H are also monotonic, 
assuring that the output digital code either increases or 
remains the same for increasing analog input signals. 
Burr-Brown also guarantees that these converters will 
have no missing codes over a specified temperature 
range. Figure 2 is the timing diagram. 
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FIGURE 1. Input vs Output for an Ideal Bipolar A/D 
Converter. 
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NOTES (1) The convert command must be at least 50ns wide and must remain low during a conversion The conversion is initiated by the 
"trailing edge" of the convert command (2) 10 5yus for 12 bits and 6 4//s for 10 bits (3) Use trailing edge of clock to strobe serial output 



FIGURE 2. Timing Diagram. 
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DIGITAL CODES 

Parallel Data 

Three binary codes are available on the ADC85H series 
parallel output: 

• complementary (logic "0" is true) straight binary (CSB) 
for unipolar input signal ranges; 

• complementary two's complement (CTC) for bipolar 
input signal ranges; 

• complementary offset binary (COB) for bipolar input 
signal ranges. 

Table I describes the LSB, transition values and code 



definitions for each possible analog input signal range 
for 8-, I0-, and 12-bit resolutions. 

Serial Data 

Two straight binary (complementary) codes are available 
on the serial output line; they are CSB and COB. The 
serial data is available only during conversion and 
appears with the most significant bit (MSB) occurring 
first. The serial data is synchronous with the internal 
clock as shown in the timing diagram of Figure 2. The 
LSB and transition values shown in Table I also apply to 
the serial data output except for the CTC code. 



TABLE L Input Voltages, 


Transition Values, LSB Values, and Code Definitions. 






Binary Output 


Input Voltage Range and LSB Values | 


Analog Input Voltage Ranges 


Defined As 


±10V 


±5V 


±2 5V 


Oto+lOV 


to +5V 


Code Designation 




COB'^' or CTC'" 


COB'^'orCTC'" 


COB'^'orCTC'" 


CSB'"' 


CSB'=" 


One Least Significant Bit (LSB) 


FSR/2" 
n = 8 
n = 10 
n = 12 


20V/2" 
78 13mV 
19 53mV 
4 88mV 


10V/2" 
39 06mV 
9 77nnV 
2 44mV 


5V/2" 
19 53nnV 
4 88mV 
1 22mV 


10V/2" 
39 06mV 
9 77mV 
2 44mV 


5V/2" 
19 53mV 
4 88mV 
1 22mV 


Transition Values 
MSB LSB 
000 000"" 
011 111 
111 110 


+Full Scale 
Mid Scale 
-Full Scale 


+10V - 3/2LSB 


-10V + 1/2LSB 


+5V - 3/2LSB 


-5V + 1/2LSB 


+2 5V - 3/2LSB 


-2 5V + 1/2LSB 


+10V - 3/2LSB 

+5V 

+ 1/2LSB 


+5V - 3/2LSB 

+2 5V 

+ 1/2LSB 



NOTES (1) COB = Complementary Offset Binary (2) CTC = Complementary Two's Complement— obtained by using the complement of the 
most-significant bit (MSB) MSB is available on pm 13 (3) Complementary Straight Binary (4) Voltages given are the nominal value for transition to the 
code specified 



ENVIRONMENTAL SCREENING 

The inherent reliability of a semiconductor device is 
controlled by the design, materials, and fabrication of 
the device — it cannot be improved by testing. However, 
the use of environmental screening can eliminate the 
majority of those units which would fail early in their 



TABLE 11. Screening for ADC85HQ-12 
ADC87HQ-12. 



and 



Screen 


MIL-STD-883 
Method, Condition 


Screening Level 


Internal Visual 


Burr-Brown QC4118* 




High Temperature Storage 
(Stabilization Bake) 


1008, C 


24 hour, +150°C 


Temperature Cycling 


1010, C 


10 cycles, -65°C 
to +150°C 


Constant Acceleration 


2001, A 


5000 G 


Burn-in 


1015, B 


160 hour, +125°C 
steady-state 


Electncal Test 


Burr-Brown 
test procedure 




Hermeticity Fine Leak 
Gross Leak 


1014,A1orA2 
1014, C 


5 X 10"^ atm cc/s 

bubble test only, 

preconditioning 

omitted 


Final Electncal 


Burr-Brown 
test procedure 




Final Dnft 


Burr-Brown 
test procedure 




External Visual 


QC5150* 





lifetimes. Burr-Brown Q models are environmentally 
screened versions of our standard industrial products, 
designed to provide enhanced reliability. The screening 
illustrated in Table II is performed to selected methods 
of MIL-STD-883. Reference to these methods provides 
a convenient way of communicating the screening levels 
and basic procedures employed; it does not imply con- 
formance to any other military standards or to any 
methods of MIL-STD-883 other than those specified. 
Burr-Brown's detailed procedures may vary slightly, 
model-to-model, from those in MIL-STD-883. 

DISCUSSION OF 
SPECIFICATIONS 

The ADC85H series is specified to provide critical 
performance criteria for a wide variety of applications. 
The most critical specifications for an A/ D converter are 
linearity, drift, gain and offset errors, and conversion 
speed effects on accuracy. These ADCs are factory- 
trimmed and tested for all critical key specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory-trimmed to 
±0.1% of FSR (+0.05% for unipolar offset) at 25°C. 
These errors may be trimmed to zero by connecting 
external trim potentiometers as shown in Figures 6 and 7. 



* Available upon request 
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ACCURACY DRIFT VS TEMPERATURE 

Three major drift parameters degrade A/D converter 
accuracy over temperature: gain, offset and linearity 
drift. The worst-case accuracy drift is the summation of 
all three drift errors over temperature. Statistically, these 
errors do not add algebraically, but are random variables 
which behave as root-sum-squared (RSS) or la errors as 
follows: 

RSS = Veg' + eo' + ee' 
where eg = gain drift error (ppm / °C) 

eo = offset drift error (ppm of FSR/°C) 
ee = Hnearity error (ppm of FSR/°C) 
For the ADC85H-12 operating in the unipolar mode, the 
total RSS drift is ±15.42ppm/°C and for bipolar opera- 
tion the total RSS drift is ±16.7ppm/°C. 

ACCURACY VS SPEED 

In successive approximation A/ D converters, the conver- 
sion speed affects linearity and differential linearity 
errors. The power supply sensitivity specification is a 
measure of how much the plus full-scale value will 
change from the initial value for independent changes in 
each power supply. This change results in at proportional 
change in all code transition values (i.e., a gain error). 

The conversion speeds are specified for a maximum 
linearity error of +1/2LSB with the internal clock. 
Faster conversion speeds are possible but at a sacrifice in 
linearity (see Clock Rate Control Alternate Connections). 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
Normally, regulated power supplies with 1% or less 
ripple are recommended for use with these ADCs. See 
Layout Precautions and Power Supply Decoupling. 
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LAYOUT AND OPERATING 
INSTRUCTIONS 

LAYOUT PRECAUTIONS 

Analog and digital commons are not connected internally 
in the ADC85H series, but should be connected together 
as close to the unit as possible, preferably to a large 
ground plane under the ADC. If these grounds must be 
run separately, use a wide conductor pattern and a 
0.01/LiF to O.ljLiF nonpolarized bypass capacitor between 
analog and digital commons at the unit. Low impedance 
analog and digital common returns are essential for low 
noise performance. Coupling between analog inputs and 
digital lines should be minimized by careful layout. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum or 
electrolytic type capacitors as shown in Figure 4 to 
reduce noise during operation. These capacitors should 
be located close to the ADC. IjuF electrolytic type 
capacitors should by bypassed with O.Ol/uF ceramic 
capacitors for improved high frequency performance. 



FIGURE 4. Recommended Power Supply Decoupling. 

ANALOG SIGNAL SOURCE IMPEDANCE 

The output impedance of the driving source should be 
very low, such as the output impedance provided by a 
wideband, fast-settling operational amplifier or a sample/ 
hold. For instance, a 741 operational amplifier will not 
be fast enough to accurately drive this ADC. Recom- 
mended amplifiers include the Burr-Brown models 
OPA602 and OPAlll. 

INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the A/ D conver- 
ter. Connect the input signal as shown in Table III. See 
Figure 5 for circuit details. 
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FIGURE 3. Power Supply Rejection vs Power Supply 
Ripple Frequency. 
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FIGURE 5. Input Scaling Circuit. 
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FIGURE 6. Two Methods of Connecting Optional 
Offset Adjust. 



TABLE III. Input Scaling Connections. 














For 










For 


Direct 










Buffered 


Input*^' 










input'" 


Connect 


Input 




Connect 


Connect 


Connect 


Input 


Signal 


Output 


Pin 23 


Pin 25 


Pin 29 


Signal 


Range 


Code 


To Pin 


To 


To Pin 


To Pin 


±10V 


COB or CTC 


22 


Input 
Signal'^" 


25 


25 


±5V 


COB or CTC 


22 


Open 


24 


24 


±2,5V 


COB or CTC 


22 


Pin 22 


24 


24 


to +5V 


CSB 


26 


Pin 22 


24 


24 


to +10V 


CSB 


26 


Open 


24 


24 



NOTES; (1) Connect to pin 29 or input signal as shown in next two 
columns. (2) If the buffer amplifier Is not used, pin 30 must be connected 
to ground (pin 26). (3) The input signal is connected to pin 30 if the 

buffer amplifier is used. 

OPTIONAL EXTERNAL GAIN AND OFFSET 
ADJUSTMENTS 

Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected 
to the ADC as shown in Figures 6 and 7. Multiturn 
potentiometers with 100ppm/°C or better TCRs are 
recommended for minimum drift over temperature and 
time. These pots may be any value from lOkH to lOOkH. 
All resistors should be 20% carbon or better. Pin 27 
(Gain Adjust) should be bypassed with O.Ol/xF to reduce 
noise pickup and Pin 22 (Offset Adjust) may be left open 
if no external adjustment is required. 

Adjustment Procedure 

OFFSET— Connect the Offset potentiometer as shown 
in Figure 6. Sweep the input through the end point transi- 
tion voltage that should cause an output transition to all 
bits off (ET/). 

Adjust the Offset potentiometer until the actual end 
point transition voltage occurs at E^i^^. The ideal transi- 
tion voltage values of the input are given in Table I. 

GAIN — Connect the Gain adjust potentiometers as shown 
in Figure 7. Sweep the input through the end point 
transition voltage that should cause an output transition 
voltage to all bits on (E^JJ). Adjust the Gain poten- 
tiometer until the actual end point transition voltage 
occurs at E% . 

Table 1 details the transition voltage levels required. 



+-15VDC I, 

Gain 

Adjust 10MO V 

27-j~AAA m^> 

J0 01//F 



lOkQ to 

lOOkQ 

Gam 

Adjust 



(b) 



270kn 270kn , lOkfi to 
27 .^-wv-t-SA/v^»> ^OPI^^ 




.7' 



01/uF > 6.8kfi 



-15VDC 



Adjust 



FIGURE 7. Two Methods of Connecting Optional Gain 
Adjust. 

Clock Rate Control Alternate Connections 

If adjustment of the Clock Rate is desired for faster 
conversion speeds, the Clock Rate Control may be 
connected to an external multiturn trim potentiometer 
with TCR of ±100ppm/°C or less as shown in Figure 8. 
If the potentiometer is connected to — 15VDC, conversion 
time can be increased as shown in Figure 8. If these 
adjustments are used, delete the connections shown in 
Table IV for pin 17. See Typical Performance Curves for 
nonlinearity error vs. clock frequency, and Figure 9 for 
the effect of the control voltage on clock speed. Operation 
with clock rate control voltage of less than — IVDC is 
not recommended. 



+5VDC 1 1 
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FIGURE 8. 12-Bit Clock Rate Control Optional Fine 
Adjust. 
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„ Control Voltage on Pin 17 (volts) 



TABLE IV. Short Cycle Connections and Specifications 
for 8- to 12-Bit Resolution. 



FIGURE 9. Conversion Time vs Clock Speed Control. 

Additional Connections Required 

The ADC85H series may be operated at faster speeds for 
resolutions less than 12 bits by connecting the Short 
Cycle input, pin 14, as shown in Table IV. Conversion 
speeds, linearity and resolution are shown for reference. 
Specifications for 10-bit units assume connections as 
shown below. 

Converter Initialization 

On power-up, the state of the ADC internal circuitry is 
indeterminate. One conversion cycle is required to initial- 
ize the converter after power is applied. 



Resolution (Bits) 


12 


10 


8 


Connect Pin 17 to '^' 

Connect Pin 14 to 

Maximum Conversion Speed (/iS)'^' 

Maximum Nonlineanty at 25°C (% of FSR) 


Pin 15 
Pin 16 

10 
012'^' 


Pin 28 

Pm2 

6 

048"" 


Pin 28 

Pin 4 

45 

20"" 



NOTES (1) Connect only if clock rate control IS not used (2) Maximum 
conversion speeds to maintain ±1/2LSB nonlinearity error (3) 12-bit 
models only , (4) 10- or 12-bit models 



Output Drive 

Normally all ADC84, ADC85H, and ADC87H logic 
outputs will drive two standard TTL loads; however, if 
long digital lines must be driven, external logic buffers 
are recommended. 

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information detail. Burn-in 
duration is 160 hours at the maximum specified grade 
operating temperature (or equivalent combination of 
time and temperature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "-Br'to the 
base model number. 



Burr-Brown IC Data Book 



9.1-51 



Vol. 33 



BURR-BROW^N 





ADC574A 



Microprocessor-Compatible 
ANALOG-TO-DlGiTAL CONVERTER 



FEATURES 

• COMPLETE 12-BIT A/D CONVERTER WITH 
REFERENCE. CLOCK, AND 8% 12-, OR 16-BIT 
MICROPROCESSOR BUS INTERFACE 

• IMPROVED PERFORMANCE SECOND SOURCE FOR 
574A-TYPE A/D CONVERTERS 

Conversion Time: 25/iS max 
Bus Access Time: 150ns max 
Ao Input: Bus Contention During Read Operation 
Eliminated 

• DUAL IN-LINE PLASTIC AND HERMETIC CERAMIC 

• FULLY SPECIFIED FOR OPERATION ON ±12V OR 
±15V SUPPLIES 

• NO MISSING CODES OVER TEMPERATURE: 

O^'C to +75' C: ADC574AJH. KH, JP, KP Grades 
-55' C to +125' C: ADC574ASH, TH Grades 



DESCRIPTION 

The ADC574A is a 12-bit successive approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom- 
designed for freedom from latch-up and for optimum 



AC performance. It is complete with a self-contained 
+10V reference, internal clock, digital interface for 
microprocessor control, and three-state outputs. 
The reference circuit, containing a buried zener, is 
laser-trimmed for minimum temperature coefficient. 
The clock oscillator is current-controlled for excel- 
lent stability over temperature. Full-scale and offset 
errors may be externally trimmed to zero. Internal 
scaling resistors are provided for the selection of 
analog input signal ranges of OV to +10V, OV to 
+20V, ±5V, and ±10V. 

The converter may be externally programmed to 
provide 8- or 12-bit resolution. The conversion time 
for 12 bits is factory set for 25jus maximum. 
Output data are available in a parallel format from 
TTL-compatible three-state output buffers. Output 
data are coded in straight binary for unipolar input 
signals and bipolar offset binary for bipolar input 
signals. 

The ADC574A, available in both industrial and 
military temperature ranges, requires supply volt- 
ages of +5V and ±12V or ±15V. It is packaged in a 
28-pin plastic DIP, or hermetic side-brazed ceramic 
DIP. 
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SPECIFICATIONS 



ELECTRICAL 

Ta = +25''C, Vcc = +12V or +15V, Vee = -12V or -15V, Vlogic = +5V unless otherwise specified 



MODEL 


ADC574AJP, ADC574AJH, ADC574ASH 


ADC574AKP, ADC574AKH, ADC574ATH 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


RESOLUTION 






12 






* 


Bits 


INPUTS 1 


ANALOG 


1 1 










Voltage Ranges: Unipolar 


to +10, to +20 




« 




V 


Bipolar 


±5. ±10 




* 




V 


Impedance 0to+10V,±5V 


47 


5 


5.3 


* 


* 


* 


kO 


±10V.0Vto+20V 


94 


10 


106 


* 


* 


* 


kfi 


DIGITAL (CE, CS, R/C. Ao, 12/8) 
















Over Temperature Range 
















Voltages Logic 1 


+2 




+5 5 


* 




* 


V 


Logic 


-0 5 




+0.8 


* 




* 


V 


Current 


-5 


0.1 


+5 


* 


* 


* 


//A 


Capacitance 




5 






* 




PF 


TRANSFER CHARACTERISTICS ] 


ACCURACY 
















At +25X 
















Linearity Error 






±1 






±1/2 


LSB 


Unipolar Offset Error (adjustable to zero) 






±2 






* 


LSB 


Bipolar Offset Error (adjustable to zero) 






±10 






±4 


LSB 


Full-Scale Calibration Error"' 
















(adjustable to zero) 






±0 25 






* 


%ofFS'=' 


No Missing Codes Resolution (Diff. Linearity) 


11 






12 






Bits 


Inherent Quantization Error 




±1/2 






* 




LSB 


Tmin to Tmax 
















Linearity Error: J, K Grades 






±1 






±1/2 


LSB 


S, T Grades 






±1 






±1/2 


LSB 


Full-Scale Calibration Error 
















Without Initial Adjustment*^'. J, K Grades 






±0 47 






±0 37 


%ofFS 


S, T Grades 






±0 75 






±0.5 


% of FS 


Adjusted to zero at +25°C: J, K Grades 






±0 22 






±0.12 


% of FS 


S, T Grades 






±0 5 






±0.25 


% of FS 


No Missing Codes Resolution (Diff. Linearity) 


11 






12 






Bits 


TEMPERATURE COEFFICIENTS (Tmin to Tmax)'^' 
















Unipolar Offset. J, K Grades 






±10 






±5 


ppm/X 


S, T Grades 






±5 






±2.5 


ppm/"C 


Max Change All Grades 






±2 






±1 


LSB 


Bipolar Offset All Grades 






±10 






±5 


ppm/°C 


Max Change: J, K Grades 






±2 






±1 


LSB 


S, T Grades 






±4 






±2 


LSB 


Full-Scale Calibration J, K Grades 






±45 






±25 


ppm/°C 


S, T Grades 






±50 






±25 


ppm/^C 


Max Change: J, K Grades 






±9 






±5 


LSB 


S, T Grades 






±20 






±10 


LSB 


POWER SUPPLY SENSITIVITY 
















Change in Full-Scale Calibration 
















+13.5V < Vcc < +16.5V or +11 4V < Vcc < +12 6V 






±2 






±1 


LSB 


-16 5V < Vee < -13 5V or -12.6V < Vee < -11.4V 






±2 






±1 


LSB 


+4.5V < Vlogic < +5.5V 






±1/2 






* 


LSB 


CONVERSION TIME'^' 
















8-Bit Cycle 


10 


13 


17 


* 


* 


* 


/iS 


12-Bit Cycle 


15 


20 


25 


* 


* 


* 


//s 


OUTPUTS 1 


DIGITAL (DBii — DBo, STATUS) 










(Over Temperature Range) 










Output Codes. Unipolar 




Unipolar Straight Binary (USB) 






Bipolar 




Bipolar Offset Binary (BOB) 






Logic Levels. Logic (Isink = 1.6mA) 






+0 4 






* 


V 


Logic 1 (Isource = 500//A) 


+2.4 






* 






V 


Leakage, Data Bits Only, High-Z State 


-5 


01 


+5 


* 


* 


* 


M 


Capacitance 




5 






* 




pF 


INTERNAL REFERENCE VOLTAGE 
















Voltage 


+9.9 


+10.0 


+101 


* 


* 


* 


V 


Source Current Available for External Loads'^' 


2.0 






* 






mA 
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ELECTRICAL (CONT) 

Ta = +25''C, Vcc = +12V or +15V, Vee 



-12V or -15V, Vlogic = +5V unless otherwise specified 



MODEL 


ADC574AJP, ADC574AJH, ADC574ASH 


ADC574AKP, ADC574AKH, ADC574ATH 


UNITS 1 


MIN 1 TYP 1 MAX 


MIN I TYP 1 MAX 


POWER SUPPLY REQUIREMENTS , ' | 


Voltage. Vcc 


+11.4 




+16.5 


* 






V 


Vee 


-11 4 




-16.5 


* 






V 


Vlogic 


+4 5 




+5.5 


* 






V 


Current Ice 




3.5 


5 




* 




mA 


Iee 




16 


20 




* 




mA 


Logic 




9 


15 




* 




mA 


Power Dissipation (±15V Supplies) 




325 


450 




* 




mW 


TEMPERATURE RANGE (Ambient Tmin, Tmax) | 


Specification. J, K Grades 







+75 


* 




* 


°C 


S, T Grades 


-55 




+125 


* 




* 


°C 


Storage 


-65 




+150 


* 




* 


°C 



*Same specification as ADC574AJP, AJH, ASH 

NOTES (1) With fixed 50O resistor from REF OUT to REF IN This parameter is also adjustable to zero at +25°C (see Optional External Full Scale and Offset 
Adjustments section) (2) FS in this specification table means Full Scale Range That is, for a ±10V input range, FS means 20V, for a to +10V range, FS means 10V 
The term Full Scale for these specifications instead of Full-Scale Range is used to be consistent with other vendors' 574 and 574A type specification tables (3) Using 
internal reference (4) See Controlling the ADC574A section for detailed information concerning digital timing (5) External loading must be constant during 
conversion The reference output requires no buffer amplifier with either ±12V or ±15V power supplies 

ORDERING INFORMATION 





Package 


Temperature 


Linearity Error, 


Model 


(DIP) 


Range 


max (Tmin to Tmax) 


ADC574AJP 


Plastic 


0°C to +75°C 


+1LSB 


ADC574AKP 


Plastic 


0°C to +75°C 


±1/2LSB 


ADC574AJH 


Ceramic 


0°C to +75°C 


+1LSB 


ADC574AKH 


Ceramic 


0?C to +75°C 


+1/2LSB 


ADC574ASH 


Ceramic 


-55°Cto+125°C 


+1LSB 


ADC574ATH 


Ceramic 


-55°Cto+125°C 


+1/2LSB 


BURN-IN SCREENI 


NG OPTION 






See text for details 










Package 


Temperature 


Burn-In Temp. 


Model 


(DIP) 


Range 


(160 Hours)'" 


ADC574AJP-BI 


Plastic 


0°C to +75°C 


+85°C 


ADC574AKP-BI 


Plastic 


0°C to +75°C 


+85°C 


ADC574AJH-BI 


Ceramic 


0°C to +75°C 


+125°C 


ADC574AKH-BI 


Ceramic 


0°C to +75°C 


+125°C 


ADC574ASH-BI 


Ceramic 


-55°Cto+125°C 


+125°C 


ADC574ATH-BI 


Ceramic 


-55°Cto+125°C 


+125°C 



NOTE (1) Or equivalent combination of time and temperature 



ABSOLUTE MAXIMUM RATINGS 



CONNECTION DIAGRAM 



Vcc to Digital Common to +16.5V 

Vee to Digital Common to -16 5V 

Vlogic to Digital Common to -lr7V 

Analog Common to Digital Common ±1V 

Control Inputs (CE, CS, Ao, 12/8, R/C) 

to Digital Common -0.5V to Vlogic +0 5V 

Analog Inputs (REF IN, BIP OFF., IOV.n) 

to Analog Common ±16 5V 

20ViN to Analog Common ±24V 

REF OUT Indefinite Short to Common, 

Momentary Short to Vcc 

Max Junction Temperature .., +165''C 

Power Dissipation | lOOOmW 

Lead Temperature (soldering, 10s) +300°C 

Thermal Resistance, Sja. Ceramic 50°C/W 

Plastic 100°C/W 

CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 
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MECHANICAL 



H Package [Ceramic] 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1386 


1 414 


35 20 


35 92 


C 


108 


166 


2 74 


4 22 


D 


015 


021 


38 


53 


F 


035 


060 


89 


152 


G 


100 BASIC 


2 54 BASIC 1 


H 


036 


064 


91 


163 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


610 


L 


600 BASIC 


15 24 BASIC 1 


M 


— 


10° 


— 


10° 


N 


025 


060 


64 


152 



\p 



,^ 



JL 



i 



NOTE Leads in true position 
within 01" (0 25mm) R at MMC 
at seating plane 



Pin numbers shown for reference 
only Numbers may not be marked 
on package 



rn 

L J L Seating Plane 



L L — ^M 



CASE Ceramic, hermetic 
WEIGHT 4 8 grams (0 17 oz ) 



(0 
DC 
lU 

I- 

cc 

UJ 

> 
z 
o 
o 

Q 



< 
I- 

z 

LU 

=> 
oc 

I- 

0) 

z 



P Package [Plastic] 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1350 


1450 


34 29 


36 83 


B 


520 


575 


1321 


1461 


C 


169 


224 


4 29 


5 70 


D 


015 


023 


38 


58 


F 


043 


062 


109 


157 


G 


100 BASIC 


2 54 BASIC 1 


H 


030 


090 


76 


2 29 


J 


008 


015 


20 


38 


K 


100 


150 


2 54 


3 81 


L 


600 BASIC 


15 24 BASIC 1 


M 


0° 


15° 


0° 


15° 


N 


018 


040 


46 


102 




15 



o 



^iTVT^TWW^T'WW^ 



4'Mw " 



14 



NOTE Leads in true position 
within 010" ( 25mm) R at MMC at 
seating plane 

Pin numbers are shown for 
reference only Numbers may not 
be marked on package 




CASE Plastic 

WEIGHT 4.3 grams (015OZ) 



-JgI- Seating JLd 
Plane 



DISCUSSION OF 
SPECIFICATIONS 

LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Ideal 
transition values lie on a line drawn through zero (or 
minus full scale for bipolar operation) and plus full scale. 
The zero value is located at an analog input value 
1/2LSB before the first code transition (OOOh to OOIh). 
The full-scale value is located at an analog value 3/2LSB 
beyond the last code transition (FFEh to FFFh) (see 
Figure 1). 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of 20V (±10V), the 
zero value of — lOV is 2.44m V below the first code transi- 
tion (OOOh to OOIh at -9.99756V) and the plus full-scale 
value of +10V is 7.32mV above the last code transition 
(FFEh to FFFh at +9.99268) (see Table I). 

NO MISSING CODES 
(DIFFERENTIAL LINEARITY ERROR) 

A specification which guarantees no missing codes 
requires that every code combination appear in a mono- 
tonically-increasing sequence as the analog input is 
increased throughout the range. Thus, every input code 
width (quantum) must have a finite width. If an input 
quantum has a value of zero (a differential linearity error 
of — ILSB), a missing code will occur. 
ADC574AKP, KH, and TH grades are guaranteed to 
have no missing codes to 12-bit resolution over their 
respective specification temperature ranges. 




1/2LSB-H K 
ZERO (-FULL-SCALE 
(-FULL CALIBRATION 
SCALE) TRANSITION) 



ANALOG INPUT 



FIGURE 1. ADC574A Transfer Characteristic 
Terminology. 



UNIPOLAR OFFSET ERROR 

An ADC574A connected for unipolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value 1/2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from the 
ideal value. The unipolar offset temperature coefficient 
specifies the change of this transition value versus a 
change in ambient temperature. 



< 
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TABLE I. Input Voltages, Transition Values, and LSB Values. 



Binary (BIN) Output 


Input Voltage Range and LSB Values | 


Analog Input Voltage Range 


Defined As 


±10V 


+5V 


Oto+lOV 


to +20V 


One Least Significant Bit (LSB) 


FSR 

2" 
n = 8 
n = 12 


20V 

2" 

78.13mV 

4 88mV 


10V 

2" 

39.06mV 

2 44mV 


10V 

2" 

39 06mV 

2 44mV 


20V 

2" 

78 13mV 

4 88mV 


Output Transition Values 
FFEh to FFFh 
7FFh to BOOh 
OOOHtoOOlH 


+ Full-scale Calibration 

Midscale Calibration (Bipolar Offset) 

Zero Calibration (- Full-Scale Calibration) 


+10V - 3/2LSB 

- 1/2LSB 
-10V + 1/2LSB 


+5V - 3/2LSB 

- 1/2LSB 
-5V + 1/2LSB 


+10V - 3/2LSB 
+5V - 1/2LSB 
to + 1/2LSB 


+10V - 3/2LSB 
±10V - 1/2LSB 
to +1/2LSB 



BIPOLAR OFFSET ERROR 

A/D converter specifications have historically defined 
bipolar offset as the first transition value above the 
minus full-scale value. The ADC574A specification, 
however, follows the terminology defined for the 574 
converter several years ago. Thus, bipolar offset is 
located near the midscale value of OV (bipolar zero) at 
the output code transition 7FFh to 800h. 
Bipolar offset error for the ADC574A is defined as the 
deviation of the actual transition value from the ideal 
transition value located 1/2LSB below OV. The bipolar 
offset temperature coefficient specifies the maximum 
change of the code transition value versus a change in 
ambient temperature. 

FULL SCALE CALIBRATION ERROR 

The last output code transition (FFEh to FFFh) occurs 
for an analog input value 3/2LSB below the nominal 
full-scale value. The full scale calibration error is the 
deviation of the actual analog value at the last transition 
point from the ideal value. The full-scale calibration 
temperature coefficient specifies the maximum change of 
the code transition value versus a change in ambient 
temperature. 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADC574A assume the 
application of the rated power supply voltages of +5V 
and +12V or ±I5V. The major effect of power supply 
voltage deviations from the rated values will be a small 
change in the full-scale calibration value. This change, of 
course, results in a proportional change in all code tran- 
sition values (i.e. a gain error). The specification describes 
the maximum change in the full-scale calibration value 
from the initial value for a change in each power supply 
voltage. 

TEMPERATURE COEFFICIENTS 

The temperature coefficients for full-scale calibration, 
unipolar offset and bipolar offset specify the maximum 
change from the +25°C value to the value at Tmin or Tmax. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantiza- 
tion error of +1/2LSB. This error is a fundamental 



property of the quantization process and cannot be elim- 
inated. 

CODE WIDTH (QUANTUM) 

Code width, or quantum, is defined as the range of 
analog input values for which a given otuput code will 
occur. The ideal code width is ILSB. 

INSTALLATION 

LAYOUT PRECAUTIONS 

Analog (pin 9) and digital (pin 15) commons are not 
connected together internally in the ADC574A, but 
should be connected together as close to the unit as pos- 
sible and to an analog common ground plane beneath 
the converter oii the component side of the board. In 
addition, a wide conductor pattern should run directly 
from pin 9 to the analog supply common, and a separate 
wide conductor pattern from pin 15 to the digital supply 
common. Analog common (pin 9) typically carries 4-8mA. 
If the single-point system common cannot be established 
directly at the converter, pin 9 and pin 15 should still be 
connected together at the converter; a single wide con- 
ductor pattern then connects these two pins to the sys- 
tem common. In either case, the common return of the 
analog input signal should be referenced to pin 9 of the 
ADC. This prevents any voltage drops that might occur 
in the power supply common returns from appearing in 
series with the input signal. 

Coupling between analog input and digital lines should 
be minimized by careful layout. For instance, if the lines 
must cross, they should do so at right angles. Parallel 
analog and digital lines should be separated from each 
other by a pattern connected to common. 
If external full scale and offset potentiometers are used, 
the potentiometers and associated resistors should be 
located as close to the ADC574A as possible. If no trim 
adjustments are used, the fixed resistors should likewise 
be as close as possible. 

POWER SUPPLY DECOUPLING 

Logic and analog power supplies should be bypassed 
with lOjLiF tantalum type capacitors located close to the 
converter to obtain noise-free operation. Noise on the 
power supply lines can degrade the converter's perfor- 
mance. Noise and spikes from a switching power supply 
are especially troublesome. 
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ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the analog input signal to 
the ADC574A will be driving into a nominal DC input 
impedance of either Skfl or lOkH. However, the output 
impedance of the driving source should be very low, such 
as the output impedance provided by a wideband, fast- 
settling operational amplifier. Transients in A/D input 
current are caused by the changes in output current of 
the internal D/A converter as it tests the various bits. 
The output voltage of the driving source must remain 
constant while furnishing these fast current changes. If 
the application requires a sample/ hold, select a sample/ 
hold with sufficient bandwidth to preserve the accuracy 
or use a separate wideband buffer amplifier to lower the 
output impedance. 

RANGE CONNECTIONS 

The ADC574A offers four standard input ranges: OV to 
+10V, OV to +20V, ±5V, and ±10V. If a lOV input range 
is required, the analog input signal should be connected 
to pin 13 of the converter. A signal requiring a 20V range 
is connected to pin 14. In either case the other pin of the 
two is left unconnected. Full-scale and offset adjust- 
ments are described below. 

To operate the converter with a 10.24V (2.5mV LSB) or 
20.48V (5mV LSB) input range, insert a 1200 1% metal- 
film resistor in series with pin 13 for the 10.24V range, or 
a 240n 1% metal-film resistor in series with pin 14 for the 
20.48V range. Offset and gain adjustments are still 
performed as described below. However, you must recal- 
culate full-scale adjustment voltages proportionately. A 
fixed metal-film resistor can be used because the input 
impedance of the ADC574A is trimmed to less than ±6% 
of the nominal value. 

CALIBRATION 

OPTIONAL EXTERNAL FULL-SCALE AND 
OFFSET ADJUSTMENTS 

Offset and full-scale errors may be trimmed to zero using 
external offset and full-scale trim potentiometers con- 
nected to the ADC574A as shown in Figures 2 and 3 for 
unipolar and bipolar operation. 

CALIBRATION PROCEDURE- 
UNIPOLAR RANGES 

If adjustment of unipolar offset and full scale is not 
required, replace R2 with a SOH, 1% metal film resistor 
and connect pin 12 to pin 9, omitting the adjustment 
network. 

If adjustment is required, connect the converter as 
shown in Figure 2. Sweep the input through the end- 
point transition voltage (OV + 1/2LSB; +1.22mV for the 
lOV range, +2.44mV for the 20V range) that causes the 
output code to be DBO ON (high). Adjust potentiometer 
Ri until DBO is alternately toggling ON and OFF with 
all other bits OFF. Then adjust full scale by applying an 
input voltage of nominal full-scale value minus 3/2LSB, 
the value which should cause all bits to be ON. This 



value is +9.9963V for the lOV range aod +19.9927V for 
the 20V range. Adjust potentiometer R2 until bits 
DBl— DBll are ON and DBO is toggling ON and OFF. 
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FIGURE 2. Unipolar Configuration. 



If external adjustments of full-scale and bipolar offset 
are not required, the potentiometers may be replaced by 
50n, 1% metal film resistors. 

If adjustments are required, connect the converter as 
shown in Figure 3. The calibration procedure is similar 
to that described above for unipolar operation, except 
that the offset adjustment is performed with an input 
voltage which is 1/2LSB above the minus full-scale value 
(-4.9988V for the ±5V range, -9.9976V for the ±10V 
range). Adjust Ri for DBO to toggle ON and OFF with 
all other bits OFF. To adjust full-scale, apply a DC input 
signal which is 3/2LSB below the nominal plus full-scale 
value (+4.9963V for ±5V range, -1-9.99:7V for ±10V 
range) and adjust R2 for DBO to toggle ON and OFF 
with all other bits ON. 
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FIGURE 3. Bipolar Configuration. 
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CONTROLLING THE ADC574A 

The Burr-Brown ADC574A can be easily interfaced to 
most microprocessor systems and other digital systems. 
The microprocessor may take full control of each con- 
version, or the converter may operate in a stand-alone 
mode, controlled only by the R/U" input. Full control 
consists of selecting an 8- or 12-bit conversion cycle, 
initiating the conversion, and reading the ouptut data 
when ready — choosing either 12 bits all at once, or 8 bits 
followed by 4 bits in a left-justified format. The five 
control inputs (12/'8, "CS, Ao, R/C, and CE) are all 
TTL/ CMOS-compatible. The functions of the control 
inputs are described in Table H. The control function 
truth table is listed in Table III. 



TABLE III. 


Control Input Truth Table. 


CE 


CS 


R/C 


12/8 


Ao 


Operation 





X 


X 


X 


X 


None 


X 


1 


X 


X 


X 


None 


^ 








X 





Initiate 12-bit conversion 


^ 








X 


1 


Initiate 8-bit conversion 




\k 





X 





Initiate 12-bit conversion 




^ 





X 


1 


Initiate 8-bit conversion 







^ 


X 





Initiate 12-bit conversion 







i 


X 


1 


Initiate 8-bit conversion 







1 


1 


X 


Enable 12-bit output 







1 








Enable 8 MSBs only 







1 





1 


Enable 4 LSBs plus 4 
trailing zeros 



TABLE II. ADC574A Control Line Functions. 



Pin 
Designation 


Definition 


Function 


CE (Pin 6) 
CS (Pin 3) 
R/C (Pin 5) 

Ao (Pin 4) 

12/8 (Pin 2) 


Chip Enable 
(active high) 

Chip Select 
(active low) 

Read/Convert 
("1" = read) 
("0" = convert) 

Byte Address 
Short Cycle 

Data Mode Select 
("1" = 12 bits) 
("0" = 8 bits) 


Must be high ("1") to either initiate a conversion or read output data 0-1 edge may be used to initiate a 
conversion 

Must be low ("0") to either initiate a conversion or read output data 1-0 edge may be used to initiate a 
conversion 

Must be low ("0") to initiate either 8 or 12-bit conversions 1-0 edge may be used to initiate a conversion Must 
be high ("1") to read output data 0-1 edge may be used to initiate a read operation 

In the start-convert mode, Ao selects 8-bit (Ao = "1") or 12-blt (Ao = "0") conversion mode When reading output 
data in two 8-bit bytes, Ao = "0" accesses 8 MSBs (high byte) and Ao = "1" accesses 4 LSBs and trailing "Os" 
(low byte) 

When reading output data, 12/8 = "1" enables all 12 output bits simultaneously 12/8"= "0" will enable the MSB's 
or LSB's as determined by the Ao line 



STAND-ALONE OPERATION 

For stand-alone operation, control of the converter's 
accomplished by a single control line connected to R/C. 
In this mode CS and Ao are connected to digital com- 
mon and CE and 12/8 are connected to Vlogic (+5V). 
The output data are presented as 12-bit words. The 
stand-alone mode is used in systems containing dedi- 
cated input ports which do not require full bus interface 
capability. 

Conversion is initiated by a high-to-low transition of 
R/C. The^ three-state data output buffers are enabled 
when R/C is high and STATUS is low. Thus, there are 
two possible modes of operation; conversion can be 
initiated witji either positive or negative pulses. In either 
case the R/C pulse must remain low for a minimum of 
50ns. 

Figure 4 jllustrates timing when conversion is initiated 
by an R/C pulse which goes low and returns to the high 
state during the conversion. In this case, the three-state 
outputs go to the hjgh-impedance state in response to the 
falling edge of R/C and are enabled for external access 
of the data after completion of the conversion. Figure 5 
illustrates the timing when conversion is initiated by a 
positive R/C pulse. In this mode the ouptut data from 
the previous conversion is enabled during the positive 
portion of R/C._A new conversion is started on the fal- 
ling edge of R/C, and the three-state outputs return to 
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FIGURE 4. R/C Pulse Low — Outputs Enabled After 
Conversion. 
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FIGURE 5. R/C Pulse^High — Outputs Enabled Only 
While R/C Is High. 

the high-impedance state until the next occurrence of a 
high R/C pulse. Table IV lists timing specifications for 
stand-alone operation. 
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TABLE IV. Stand-Alone Mode Timing. 






Symbol 


Parameter 


Min 


lyp 


Max 


Units 


tHRL 


Low R/C Pulse Width 


50 






ns 


tos 


STS Delay from R/C 






200 


ns 


tHDR 


Data Valid After R/C Low 


25 






ns 


tHS 


STS Delay After Data Valid 


300 


400 


1000 


ns 


tHRH 


High R/C Pulse Width 


150 






ns 


toDR 


Data Access Time 






150 


ns 



FULLY CONTROLLED OPERATION 

Conversion Length 

Conversion length (8-bit or 12-bit) is determined by the 
state of the Ao input, which is latched upon receipt of a 
conversion start transition (described below). If Ao is 
latched high, the conversion continues for 8 bits. The full 
12-bit conversion will occur if Ao is low. If all 12 bits are 
read following an 8-bit conversion, the 3LSBs (DBO- 
DB2) will be low (logic 0) and DB3 will be high (logic 1). 
Ao is latched because it is also involved in enabling the 
output buffers. No other control inputs are latched. 

CONVERSION START 

The converter is commanded to initiate conversion by a 
transition occurring on any of three logic inputs (CE, 
CS, and R/C) as shown in Table III. Conversion is 
initiated by the last of the three to reach the required 
state and thus all three may be dynamically controlled. If 
necessary, all three may change states simultaneously, 
and the nominal delay time is the same regardless of 
which input actually starts conversion. If it is desired 
that a particular input establish the actual start of con- 
version, the other two should be stable a minimum of 
50ns prior to the transition of that input. Timing rela- 
tionships for start of conversion timing are illustrated in 
Figure 6. The specifications for timing are contained in 
Table V. 

TABLE V. Timing Specifications. 
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J^ijk 
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FIGURE 6. Conversion Cycle Timmg. 

The STATUS output indicates the current state of the 
converter by being in a high state only during conver- 
sion. During this time the three state output buffers 
remain in a high-impedance state, and therefore data 
cannot be read during conversion. During this period 
additional transitions of the three digital inputs which 
control conversion will be ignored, so that conversion 
cannot be prematurely terminated or restarted. How- 
ever, if Ao changes state after the beginning of conver- 
sion, any additional start conversion transition will latch 
the new state of Ao, possibly resulting in an incorrect 
conversion length (8 bits vs 12 bits) for that conversion. 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Convert Mode 












tosc 


STS delay from CE 




60 


200 


ns 


tHEC 


CE Pulse width 


50 


30 




ns 


tssc 


CS to CE setup 


50 


20 




ns 


tHSC 


CS low during CE high 


50 


20 




ns 


tsRC 


R/C to CE setup 


50 







ns 


tHRC 


R/C low during CE high 


50 


20 




ns 


tsAC 


Ao to CE setup 









ns 


tHAC 


Ao valid during CE high 


50 


20 




ns 


tc 


Conversion time, 12 bit cycle 


15 


20 


25 


/us 




8 bit cycle 


10 


13 


17 


/ws 


Read Mode 












too 


Access time from CE 




/5 


150 


ns 


tHD 


Data valid after CE low 


25 


35 




ns 


tHL 


Output float delay 




100 


150 


ns 


tsSB 


CS to CE setup 


50 







ns 


tsRR 


R/C to CE setup 









ns 


tsAR 


Ao to CE setup 


50 


25 




ns 


tHSR 


CS valid after CE low 









ns 


tHRR 


R/C high after CE low 









ns 


tHAR 


Ao valid after CE low 


50 






ns 


tHS 


STS delay after data valid 


300 


400 


1000 


ns 
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NOTE Specifications are at +25°C and measured at 50% level of transitions 
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READING OUTPUT DATA 

After conversion is initiated, the output data buffers 
remain in a high-impedance state until the following four 
logic conditions are simultaneously met: R/C high, STA- 
TUS low, CE high, and CS low. Upon satisfaction of 
these conditions the d^ta lines are enabled according to 
the state of inputs 12/8 and Ao. See Figure 7 and Table V 
for timing relationships and specifications. 
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FIGURE 7. Read Cycle Timing. 



In most applications the 12/8 input will be hard-wired in 
either the high or low condition, although it i? fully TTL- 
and CMOS'Compatible and may be actively driven if 
desired. When 12/8 is high, all 12 output lines (DBO- 
DBll) are enabled simultaneously for full data word 
transfer to a 12-bit or 16-bit bus. In this situation the Ao 
state is ignored. 



When 12/8 is low, the data is presented in the form of 
two 8-bit bytes, with selection of the byte of interest 
accomplished by the state of Ao during the read cycle. 
Connection of the ADC574A to an 8-bit bus for transfer 
of left-justified data is illustrated in Figure 8. The Ao 
input is usually driven by the least significant bit of the 
address bus, allowing storage of the output data word in 
two consecutive memory locations. 

When Ao is low, the byte addressed contains the 8MSBs. 
When Ao is high, the byte addressed contains the 4LSBs 
from the conversion followed by four logic zeros which 
have been forced by the control logic. The left-justified 
formats of the two 8-bit bytes are shown in Figure 8. The 
design of the ADC574A guarantees that the Ao input 
may be toggled at any time with no damage to the con- 
verter; the outputs which are tied together as illustrated 
in Figure 9 cannot be enabled at the same time. 
In the majority of applications the read operation will be 
attempted only after the conversion is complete and the 
STATUS output has gone low. In those situations 
requiring the earliest possible access to the data, the read 
may be started as much as LlS^us (too max + tns max) 
before STATUS goes low. Refer to Figure 7 for these 
timing relationships. 

BURN-IN SCREENING 

Burn-in screening is available for both plastic and ceramic 
package ADC574As. Burn-in duration is 160 hours at 
the temperature (or equivalent combination of time 
and temperature) indicated below: 

Plastic "-BI" models: -H85°C 

Ceramic "-BI" models: 4-125°C 
All units are 100% electrically tested after burn-in is 
completed. To order burn-in, add "-BI" to the base 
model number (e.g., ADC574AKP-BI). See Ordering 
Information for pricing. 
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FIGURE 8. 12-Bit Data Format for 8-Bit Systems. 
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FIGURE 9. Connection to an 8-bit Bus. 



V) 

tc 

lU 
H 
OC 
Ul 

> 

z 
o 
o 

o 

z 
g 

? 

Z 
UJ 

3 
CC 

(/> 

Z 



< 

in 
O 
O 

< 



Burr-Brown IC Data Book 



9.1-61 



Vol. 33 



BURR-BRO>A^N 





ADC674A 



Microprocessor-Compatible 
ANALOG-TO-DIGITAL CONVERTER 



FEATURES 

• COMPLETE 12-BIT A/D CONVERTER WITH 
REFERENCE. CLOCK. AND 8-, 12-. OR 16-BIT 
MICROPROCESSOR BUS INTERFACE 

• IMPROVED PERFORMANCE SECOND SOURCE FOR 
ADC574A/674A-TYPE A/D CONVERTERS 

Conversion Time: IS^c/s max 
Bus Access Time: 150ns max 
Ao Input: Bus Contention During Read Operation 
Eliminated 

• FULLY SPECIFIED FOR OPERATION ON ±12V OR 
±15V SUPPLIES 

• NO MISSING CODES OVER TEMPERATURE: 

O'C to +75»C: ADC674AJH. KH, JP. KP Grades 
-55° C to +125° C: ADC674ASH. TH Grades 

DESCRIPTION 

The ADC674A is a 12-bit successive approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom- 
designed for freedom from latch-up and for optimum 
AC performance. It is complete with a self-contained 



+10V reference, internal clock, digital interface for 
microprocessor control, and three-state outputs. 
The reference circuit, containing a buried zener, is 
laser-trimmed for minimum temperature coefficient. 
The clock oscillator is current-controlled for excel- 
lent stability over temperature. Full-scale and offset 
errors may be externally trimmed to zero. Internal 
scaling resistors are provided for the selection of 
analog input signal ranges of OV to +10V, OV to 
+20V, ±5V, and ±10V. 

The converter may be externally programmed to 
provide 8- or 12-bit resolution. The conversion time 
for 12 bits is factory set for 15/Lts maximum. 
Output data are available in a parallel format trom 
TTL-compatible three-state output buffers. Output 
data are coded in straight binary for unipolar input 
signals and bipolar offset binary for bipolar input 
signals. 

The ADC674A, available in both industrial and 
military temperature ranges, requires supply volt- 
ages of -I-5V and ±12V or +15V. It is packaged in a 
28-pin plastic DIP, or hermetic side-brazed ceramic 
DIP. 
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SPECIFICATIONS 



ELECTRICAL 

Ta = +25X, Vcc = +12V or +15V, Vee = -12V or -15V, Vloqic = +5V ur\less otherwise specified. 



MODEL 


ADC674AJP, ADC674AJH, ADC674ASH 


ADC674AKP, ADC674AKH, ADC674ATH 


UNITS 


MIN 


TYP 


MAX 


MiN 


TYP 


MAX 


RESOLUTION 






12 






* 


Bits 


INPUTS 1 


ANALOG 


1 1 










Voltage Ranges Unipolar 


to +10, to +20 




* 




V 


Bipolar 


±5, ±10 




* 




V 


Impedance. 0to+10V,±5V 


4.7 


5 


53 


♦ 


* 


* 


kQ 


±10V.0Vto+20V 


94 


10 


106 


* 


* 


* 


kO 


DIGITAL (CE. CS, R/C, Ao, 12/8) 
















Over Temperature Range 
















Voltages Logic 1 


+2.0 




+5 5 


* 




* 


V 


Logic 


-0 5 




+0.8 


* 




♦ 


V 


Current 


-5 


01 


+5 


* 


♦ 


* 


fiA 


Capacitance 




5 






• 




pF 


TRANSFER CHARACTERISTICS | 


ACCURACY 
















At +25°C 
















Linearity Error 






±1 






±1/2 


LSB 


Unipolar Offset Error (adjustable to zero) 






±2 






* 


LSB 


Bipolar Offset Error (adjustable to zero) 






±10 






±4 


LSB 


Full-scale Calibration Error'^' 
















(adjustable to zero) 






±0.25 






* 


% of FS"" 


No Missing Codes Resolution (Diff. Linearity) 


11 






12 






Bits 


Inherent Quantization Error 




±1/2 






« 




LSB 


Tm.n to Tmax 
















Linearity Error J, K Grades 






±1 






±1/2 


LSB 


S, T Grades 






±1 






±1/2 


LSB 


Full-Scale Calibration Error 
















Without Initial Adjustment"'- J, K Grades 






±0.47 






±0 37 


% of FS 


S, T Grades 






±0.75 






±0 5 


% of FS 


Adjusted to zero at +25°C. J, K Grades 






±0 22 






±012 


% of FS 


S, T Grades 






±0.5 






±0 25 


% of FS 


No Missing Codes Resolution (Diff Linearity) 


11 






12 






Bits 


TEMPERATURE COEFFICIENTS (Tmin to Tmax)'^' 
















Unipolar Offset J, K Grades 






±10 






±5 


ppm/°C 


S, T Grades 






±5 






±2 5 


ppm/*»C 


Max Change All Grades 






±2 






±1 


LSB 


Bipolar Offset: All Grades 






±10 






±5 


ppm/X 


Max Change J, K Grades 






±2 






±1 


LSB 


S, T Grades 






±4 






±2 


LSB 


Full-Scale Calibration J, K Grades 






±45 






±25 


ppm/'C 


S, T Grades 






±50 






±25 


ppm/°C 


Max Change J, K Grades 






±9 






±5 


LSB 


S, T Grades 






±20 






±10 


LSB 


POWER SUPPLY SENSITIVITY 
















Change in Full-Scale Calibration 
















+13 5V < Vcc < +16 5V or +11.4V < Vcc < +12 6V 






±2 






±1 


LSB 


-16.5V < Vee < -13 5V or -12 6V < Vee < -11 4V 






±2 






±1 


LSB 


+4.5V<Vlogic<+5 5V 






±1/2 






« 


LSB 


CONVERSION TIME'"' 
















8-Bit Cycle 


6 


8 


10 


* 


* 


* 


fiS 


12-Bit Cycle 


9 


12 


15 


* 


* 


* 


fJS 


OUTPUTS 1 


DIGITAL (DBii - DBo, STATUS) 










(Over Temperature Range) 










Output Codes: Unipolar 




Unipolar Straight Binary (USB) 






Bipolar 




Bipolar Offset Binary (BOB) 






Logic Levels: Logic (Isink = 1 6mA) 






+0.4 






* 


V 


Logic 1 (IsouRCE = 500M) 


+2.4 






* 






V 


Leakage, Data Bits Only, High-Z State 


-5 


0.1 


+5 


* 


* 


* 


M 


Capacitance 




5 






* 




pF 


INTERNAL REFERENCE VOLTAGE 
















Voltage 


+9.9 


+10.0 


+10.1 


* 


* 


* 


V 


Source Current Available for External Loads"" 


2.0 






* 






mA 
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ELECTRICAL (CONT) 



Ta = +25°C, Vcc = +12V or +15V, Vee = -12V or -15V, Vlogic = +5V unless otherwise specified 



MODEL 


ADC674AJP, ADC674AJH, ADC674ASH 


ADC674AKP, ADC674AKH, ADC674ATH 


UNITS 


MIN 1 TYP 


MAX 


MIN 1 TYP 1 MAX 


POWER SUPPLY REQUIREMENTS | 


Voltage- Vcc 


+11 4 




+165 


* 






V 


Vee 


-114 




-16 5 


* 






V 


Vlog.c 


+4 5 




+5 5 


* 






V 


Current Ice 




35 


5 




* 




mA 


Iee 




15 


20 




* 




mA 


Ilogic 




9 


15 




* 




mA 


Power Dissipation (±15V Supplies) 




325 


450 




* 




mW 


TEMPERATURE RANGE (Ambient Tmin, Tmax) | 


Specification J, K Grades 







+75 


* 




* 


"C 


S, T Grades 


-55 




+125 


* 




* 


°C 


Storage 


-65 




+150 


* 




* 


°C 



*Same specification as ADC674AJP, AJH, ASH. 

NOTES (1) With fixed 500 resistor from REF OUT to REF IN This parameter is also adjustable to zero at +25°C (see Optional External Full Scale and Offset 
Adjustments section) (2) FS in this specification table means Full Scale Flange That is, for a ±10V input range, FS means 20V, for a to +10V range, FS means 10V 
The term Full Scale for these specifications instead of Full-Scale Range is used to be consistent with other vendors' 674A type specification tables (3) Using internal 
reference (4) See Controlling the ADC674A section for detailed information concerning digital timing (5) External loading must be constant during conversion 
The reference output requires no buffer amplifier with either ±12V or ±15V power supplies 

ORDERING INFORMATION 





Package 


Temperature 


Linearity Error, 


Model 


(DIP) 


Range 


max (Tmin to Tmax) 


ADC674AJP 


Plastic 


O'C to +75°C 


±1LSB 


ADC674AKP 


Plastic 


0°C to +75°C 


±1/2LSB 


ADC674AJH 


Ceramic 


0°C to +75°C 


±1LSB 


ADC674AKH 


Ceramic 


0°C to +75°C 


±1/2LSB 


ADC674ASH 


Ceramic 


-55°Cto+125°C 


±1LSB 


ADC674ATH 


Ceramic 


-55°Cto+125°C 


+1LSB 


BURN-IN SCREENI 


NG OPTION 






See text for details. 










Package 


temperature 


Burn-In Temp. 


Model 


(DIP) 


Range 


(160 Hours)'" 


ADC674AJP-BI 


Plastic 


0°C to +75°C 


+85''C 


ADC674AKP-BI 


Plastic 


0°C to +75''C 


+85'>C 


ADC674AJH-BI 


Ceramic 


O'C to +75°C 


+125°C 


ADC674AKH-BI 


Ceramic 


0°C to +75°C 


+125''C 


ADC674ASH-BI 


Ceramic 


-55°Cto+125°C 


+125°C 


ADC674ATH-BI 


Ceramic 


-55°Cto+125°C 


+125°C 



NOTE (1) Or equivalent combination of time and temperature 



ABSOLUTE MAXIMUM RATINGS 



CONNECTION DIAGRAM 



Vcc to Digital Common to +16.5V 

Vee to Digital Common to -16.5V 

Vlogic to Digital Common to +7V 

Analog Common to Digital Common ±1V 

Control Inputs (CE, CS, Ao, 12/8, R/C) 

to Digital Common -0 5V to Vlogic +0.5V 

Analog Inputs (REF IN, BIP OFF , IOVin) 

to Analog Common ±16.5V 

20ViN to Analog Common ±24V 

REF OUT Indefinite Short to Common, 

Momentary Short to Vcc 

Max Junction Temperature +165°C 

Power Dissipation lOOOmW 

Lead Temperature (soldering, 10s) +300°C 

Thermal Resistance, ^ja: Ceramic 50°C/W 

Plastic lOO'C/W 

CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 



+5VDC _ 
SUPPLY fi 

12/8 @ 

CS© 



©- 



R/C© 

+Vcc© 
REF OUT Q 

ANALOG iC\ 
COMMON \ZJ 

REF IN © 

BIPOLAR iO 
OFFSET Vis 

10V RANGE © 
20V RANGE © 



CONTROL 
LOGIC 



lOV 
REFERENCE 



12-BIT A 

D/A ( 12 
DNVERTER N 



@i5is \/ 



SKQ 



£^ 



-N 

V 

12 
BITS 



^STATUS 
-©OBIKMSB) 
-©DBIO 

©DB9 
-@0B8 
-@DB7 

©DB6 

©DBS 
-©DB4 
-©0B3 

©DB2 

©DBl 
- © OBO ILSB) 

DIGITAL 
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MECHANICAL 



H Package [Ceramic] 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


1386 


1 414 


35 20 


35 92 


c 


108 


166 


2 74 


4 22 


D 


015 


021 


38 


53 


F 


035 


060 


89 


152 


G 


100 BASIC 


2 54 BASIC 


H 


036 


064 


91 


163 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


610 


L 


600 BASIC 


15 24 BASIC 


M 


— 


10° 


— 


10° 


N 


025 


060 


64 


152 




NOTE Leads in true position 
within 01" (0 25mm) R at MMC 
at seating plane 



Pin numbers shown for reference 
only Numbers may not be marked 
on package 



.-T^. 



Seating Plane 



CASE- Ceramic, hermetic 
WEIGHT 4 8 grams (0 17 oz ) 



0) 
QC 
111 

H- 
OC 
LU 

> 

o 
u 

Q 

Z 

g 

< 

Z 



(0 

z 



P Package [Plastic] 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


1350 


1450 


34 29 


36 83 


B 


520 


575 


1321 


1461 


C 


169 


224 


4 29 


5 70 


D 


015 


023 


38 


58 


F 


043 


062 


109 


157 


G 


100 BASIC 


2 54 BASIC 


H 


030 


090 


76 


2 29 


J 


008 


015 


20 


38 


K 


100 


150 


2 54 


3 81 


L 


600 BASIC 


15 24 BASIC 


M 


0° 


15° 


0° 


15° 


N 


018 


040 


46 


102 



28 15 

r^ r^ r^ r^ / W\ A A I^J^ r^ r^ r^ r^ 



o 



o 



^Pinl 14 



NOTE Leads in true posit'on 
withm 010" ( 25mm) R at MMC at 
seating plane 

Pin numbers are shown for 
reference only Numbers may not 
be marked on package 



iferTOi:.... 

-Joi- Seating JLp 
Plane 




CASE Plastic 

WEIGHT 4 3grams(015oz) 



DISCUSSION OF 
SPECIFICATIONS 

LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Ideal 
transition values lie on a line drawn through zero (or 
minus full scale for bipolar operation) and plus full scale. 
The zero value is located at an analog input value 
1/2LSB before the first code transition (OOOh to 001 h). 
The full-scale value is located at an analog value 3/2LSB 
beyond the last code transition (FFEh to FFFh) (see 
Figure 1). 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of 20V (±10V), the 
zero value of — lOV is 2.44mV below the first code transi- 
tion (OOOh to OOIh at -9.99756V) and the plus full-scale 
value of +10V is 7.32mV above the last code transition 
(FFEh to FFFh at +9.99268) (see Table I). 

NO MISSING CODES 
(DIFFERENTIAL LINEARITY ERROR) 

A specification which guarantees no missing codes 
requires that every code combination appear in a mono- 
tonically-increasing sequence as the analog input is 
increased throughout the range. Thus, every input code 
width (quantum) must have a finite width. If an input 
quantum has a value of zero (a differential linearity error 
of — ILSB), a missing code will occur. 
ADC674AKP, KH, and TH grades are guaranteed to 
have no missing codes to 12-bit resolution over their 
respective specification temperature ranges. 




MIDSCALE 
OFFSET-J p^lBIPOLAR 
I TRANSITION)! , ZERO) 

I I 



ih- 

ZERO 



1/2LSB-H K 
ZERO (-FULL-SCALE 
(-FULL CALIBRATION 
SCALE) TRANSITION) 



1/2LSB 



-ih 



3/2LSB 



■^ +FULL 
+FULL-SCALE SCALE 
CALIBRATION 
TRANSITION 



ANALOG INPUT 



FIGURE 1. ADC674A Transfer Characteristic 
Terminology. 

UNIPOLAR OFFSET ERROR 

An ADC674A connected for unipolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value 1/2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from the 
ideal value. The unipolar offset temperature coefficient 
specifies the change of this transition value versus a 
change in ambient temperature. 



< 

O 
O 

< 
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TABLE I. Input Voltages, Transition Values, and LSB Values. 



Binary (BIN) Output 


Input Voltage Range and LSB Values | 


Analog Input Voltage Range 


Defined As. 


±10V 


+5V 


OtO+lOV 


to +20V 


One Least Significant Bit (LSB) 


FSR 

2" 

n = 8 

n = 12 


20V 

2" 

78 13mV 

4 88mV 


10V 

2" 

39 06mV 

2.44mV 


10V 

2" 

39 06mV 

2 44mV 


20V 

2" 

78 13mV 

4 88mV 


Output Transition Values 
FFEh to FFFh 
7FFh to 800h 
OOOHtoOOlH 


+ Full-scale Calibration 

Midscale Calibration (Bipolar Offset) 

Zero Calibration (- Full-Scale Calibration) 


+10V - 3/2LSB 

- 1/2LSB 
-10V + 1/2LSB 


+5V - 3/2LSB 

- 1/2LSB 
-5V + 1/2LSB 


+10V - 3/2LSB 
+5V - 1/2LSB 
to + 1/2LSB 


+10V - 3/2LSB 
±10V - 1/2LSB 
to +1/2LSB 



BIPOLAR OFFSET ERROR 

A/D converter specifications have historically defined 
bipolar offset as the first transition value above the 
minus full-scale value. The ADC674A specification, 
however, follows the terminology defined for the 574 
converter several years ago. Thus, bipolar offset is 
located near the midscale value of OV (bipolar zero) at 
the output code transition 7FFh to 800h. 
Bipolar offset error for the ADC674A is defined as the 
deviation of the actual transition value from the ideal 
transition value located 1/2LSB below OV. The bipolar 
offset temperature coefficient specifies the maximum 
change of the code transition value versus a change in 
ambient temperature. 

FULL SCALE CALIBRATION ERROR 

The last output code transition (FFEh to FFFh) occurs 
for an analog input value 3/2LSB below the nominal 
full-scale value. The full scale calibration error is the 
deviation of the actual analog value at the last transition 
point from the ideal value. The full-scale calibration 
temperature coefficient specifies the maximum change of 
the code transition value versus a change in ambient 
temperature. 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADC674A assume the 
application of the rated power supply voltages of +5V 
and ±12V or ±15V. The major effect of power supply 
voltage deviations from the rated values will be a small 
change in the full-scale calibration value. This change, of 
course, results in a proportional change in all code tran- 
sition values (i.e. a gain error). The specification describes 
the maximum change in the full-scale calibration value 
from the initial value for a change in each power supply 
voltage. 

TEMPERATURE COEFFICIENTS 

The temperature coefficients for full-scale calibration, 
unipolar offset and bipolar offset specify the maximum 
change from the H-25°C value to the value at Tmin or Tmax. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantiza- 
tion error of ±1/2LSB. This error is a fundamental 



property of the quantization process and cannot be elim- 
inated. 

CODE WIDTH (QUANTUM) 

Code width, or quantum, is defined as the range of 
analog input values for which a given output code will 
occur. The ideal code width is ILSB. 

INSTALLATION 

LAYOUT PRECAUTIONS 

Analog (pin 9) and digital (pin 15) commons are not 
connected together internally in the ADC674A, but 
should be connected together as close to the unit as pos- 
sible and to an analog common ground plane beneath 
the converter on the component side of the board. In 
addition, a wide conductor pattern should run directly 
from pin 9 to the analog supply common, and a separate 
wide conductor pattern from pin 15 to the digital supply 
common. Analog common (pin 9) typically carries +8mA. 

If the single-point system common cannot be established 
directly at the converter, pin 9 and pin 15 should still be 
connected together at the converter; a single wide con- 
ductor pattern then connects these two pins to the sys- 
tem common. In either case, the common return of the 
analog input signal should be referenced to pin 9 of the 
ADC. This prevents any voltage drops that might occur 
in the power supply common returns from appearing in 
series with the input signal. 

Coupling between analog input and digital lines should 
be minimized by careful layout. For instance, if the lines 
must cross, they should do so at right angles. Parallel 
analog and digital lines should be separated from each 
other by a pattern connected to common. 
If external full scale and offset potentiometers are used, 
the potentiometers and associated resistors should be 
located as close to the ADC674A as possible. If no trim 
adjustments are used, the fixed resistors should likewise 
be as close as possible. 

POWER SUPPLY DECOUPLING 

Logic and analog power supplies should be bypassed 
with 10/iF tantalum type capacitors located close to the 
converter to obtain noise-free operation. Noise on the 
power supply lines can degrade the converter's per- 
formance. Noise and spikes from a switching power 
supply are especially troublesome. 
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ANALOG SIGNAL SOURCE rMPEDANCE 

The signal source supplying the analog input signal to 
the ADC674A will be driving into a nominal DC input 
impedance of either Skfl or lOkH. However, the output 
impedance of the driving source should be very low, such 
as the output impedance provided by a wideband, fast- 
settling operational amplifier. Transients in A/D input 
current are caused by the changes in output current of 
the mternal D/A converter as it tests the various bits. 
The output voltage of the driving source must remain 
constant while furnishing these fast current changes. If 
the application requires a sample/ hold, select a sample/ 
hold with sufficient bandwidth to preserve the accuracy 
or use a separate wideband buffer amplifier to lower the 
output impedance. 

RANGE CONNECTIONS 

The ADC674A offers four standard input ranges: OV to 
+ 10V, OV to +20V, ±5V, and +10V. If a lOV input range 
is required, the analog input signal should be connected 
to pm 13 of the converter. A signal requiring a 20V range 
is connected to pin 14. In either case the other pin of the 
two IS left unconnected. Full-scale and offset adjust- 
ments are described below. 

To operate the converter with a 10.24V (2.5mV LSB) or 
20.48V (5mV LSB) input range, insert a 120n 1% metal- 
film resistor in series with pin 13 for the 10.24V range, or 
a 240n 1% metal-film resistor in series with pin 14 for the 
20.48V range. Offset adjustments are still performed as 
described below. A fixed metal-film resistor can be used 
because the input impedance of the ADC674A is trimmed 
to typically less than ±2% of the nominal value. 



CALIBRATION 

OPTIONAL EXTERNAL FULL-SCALE AND 
OFFSET ADJUSTMENTS 

Offset and full-scale errors may be trimmed to zero using 
external offset and full-scale trim potentiometers con- 
nected to the ADC674A as shown in Figures 2 and 3 for 
unipolar and bipolar operation. 

CALIBRATION PROCEDURE- 
UNIPOLAR RANGES 

If adjustment of unipolar offset and full scale is not 
required, replace R2 with a SOH, 1% metal film resistor 
and connect pin 12 to pin 9, omitting the adjustment 
network. 

If adjustment is required, connect the converter as 
shown in Figure 2. Sweep the input through the end- 
point transition voltage (OV + 1/2LSB; +1.22mV for the 
lOV range, +2.44mV for the 20V range) that causes the 
output code to be DBO ON (high). Adjust potentiometer 
Ri until DBO is alternately toggling ON and OFF with 
all other bits OFF. Then adjust full scale by applying an 
input voltage of nominal full-scale value minus 3/2LSB, 
the value which should cause all bits to be ON. This 
value is +9. 9963V for the lOV range and +19.9927V for 



the 20V range. Adjust potentiometer R2 until bits DBl- 
DBII are ON and DBO is toggling ON and OFF. 



+Vcc 




FULL-SCALE 
UNIPOLAR ADJUST 

OFFSET r 



ADJUST 



tOOQ 



{j^ REFIN 



(%) REF OUT 



100Q 



{J2) BIPOLAR OFFSET 



lOV RANGE ^^^ 
ANALOG X> Q2^ 



20V RANGE 



-<») 



' ANALOG COMMON 



ADC674A 



-^/A-WAr-|^S^ 



FIGURE 2. Unipolar Configuration. 

CALIBRATION PROCEDURE— BIPOLAR RANGES 

If external adjustments of full-scale and bipolar offset 
are not required, the potentiometers may be replaced by 
50n, 1% metal film resistors. 

If adjustments are required, connect the converter as 
shown in Figure 3. The calibration procedure is similar 
to that described above for unipolar operation, except 
that the offset adjustment is performed with an input 
voltage which is 1/2LSB above the minus full-scale value 
(-4.9988V for the ±5V range, -9.9976V for the ±10V 
range). Adjust Ri for DBO to toggle ON and OFF with 
all other bits OFF. To adjust full-scale, apply a DC input 
signal which is 3/2LSB below the nominal plus full-scale 
value (+4.9963V for ±5V range, +9.9927V for ±10V 
range) and adjust R2 for DBO to toggle ON and OFF 
with all other bits ON. 



FULL-SCALE ADJUST F" 

j-AA/S^ — * — (J? 



BIPOLAR 
OFFSET ADJUST 



R2 1000 



-© 



Ri 1000 ^^^ 



t_ 



ANALOG X> lOV RANGE ^ 

IMPIIT ^^ ^*^ 



"^X>20V RANGE © ■^^^-^■"AM^ 



^ 20V RANGE 

ANALOG COMMON (9^ 



REFIN 



REF OUT 



ADC674A 



BIPOLAR OFFSET 



COMPARATOR 



FIGURE 3. Bipolar Configuration. 
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CONTROLLING THE ADC674A 

The Burr-Brown ADC674A can be easily interfaced to 
most microprocessor systems and other digital systems. 
The microprocessor may take full control of each con- 
version, or the converter may operate in a stand-alone 
mode, controlled only by the R/C input. Full control 
consists of selecting an 8- or 12-bit conversion cycle, 
initiating the conversion, and reading the ouptut data 
when ready — choosing either 12 bits all at once, or 8 bits 
followed by 4 bits in a left-justified format. The five 
control inputs (12/8, CS, Ao, R/C, and CE) are all 
TTL/ CMOS-compatible. The functions of the control 
inputs are described in Table II. The control function 
truth table is listed in Table III. 



TABLE III. Control Input Truth Table. 


CE 


CS 


R/C 


12/8 


Ao 


Operation 





X 


X 


X 


X 


None 


X 


1 


X 


X 


X 


None 


>^ 








X 





Initiate 12-bit conversion 


^ 








X 


1 


Initiate 8-bit conversion 




^ 





X 





Initiate 12-bit conversion 




^ 





X 


1 


Initiate 8-bit conversion 







^ 


X 





Initiate 12-bit conversion 







^ 


X 


1 


Initiate 8-bit conversion 







1 


1 


X 


Enable 12-bit output 







1 








Enable 8 MSBs only 







1 





1 


Enable 4 LSBs plus 4 
trailing zeros 



TABLE II. ADC674A Control Line Functions. 



Pin 
Designation 


Definition 


Function 


CE(Pin6) 
CS(Pin3) 
R/C (Pin 5) 

Ao(Pin4) 

12/8 (Pin 2) 


Chip Enable 
(active high) 

Chip Select 
(active low) 

Read/Convert 
("1"-read) 
("0" = convert) 

Byte Address 
Short Cycle 

Data Mode Select 
("1" = 12 bits) 
("0" - 8 bits) 


Must be high ("1") to either initiate a conversion or read output data 0-1 edge may be used to initiate a 
conversion 

Must be low ("0") to either initiate a conversion or read output data 1-0 edge may be used to initiate a 
conversion 

Must be low ("0") to initiate either 8 or 12-bit conversions 1-0 edge may be used to initiate a conversion Must 
be high ("1") to read output data 0-1 edge may be used to initiate a read operation 

In the start-convert mode, Ao selects 8-blt (Ao = "1") or 12-bit (Ao = "0") conversion mode. When reading output 
data in two 8-bit bytes, ao = "0" accesses 8 MSBs (high byte) and Ao = "1" accesses 4 LSBs and trailing "Os" 
(low byte) 

When reading output data, 12/8 - "1" enables all 12 output bits simultaneously 12/8 = "0" will enable the MSB's 
or LSB's as determined by the Ao line 



STAND-ALONE OPERATION 

For stand-alone operation, control of the converter is 
accomplished by a single control line connected to R/C. 
In this mode CS and Ao are connected to digital com- 
mon and CE and 12/8 are connected to Vlogic (+5V). 
The output data are presented as 12-bit words. The 
stand-alone mode is used in systems containing dedi- 
cated input ports which do not require full bus interface 
capability. 

Conversion is initiated by a high-to-low transition of 
R/C. The^ three-state data output buffers are enabled 
when R/C is high and STATUS is low. Thus, there are 
two possible modes of operation; conversion can be 
initiated witji either positive or negative pulses. In either 
case the R/C pulse must remain low for a minimum of 
SOnsec. 

Figure 4 Ulustrates timing when conversion is initiated 
by an R/C pulse which goes low and returns to the high 
state during the conversion. In this case, the three-state 
outputs go to the high-impedance state in response to the 
falling edge of R/C and are enabled for external access 
of the data after completion of the conversion. Figure 5 
illustrates the timing when conversion is initiated by a 
positive R/C pulse. In this mode the output data from 
the previous conversion is enabled during the positive 
portion of R/C. A new conversion is started on the fal- 
ling edge of R/C, and the three-state outputs return to 



[* — Ihrl — *j 



STATUS 



DB11-0B0 



r 



-tos 



DATA VALID ") • 



HIGH-Z STATE 



t4 



< DATA VALID 



FIGURE 4.^R/C Pulse Low — Outputs Enabled After 
Conversion. 



R/C 



STATUS - 



JT 



h k 



tHDR-^ 



H 



DB11-DB0- 



i VALID ) - 
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FIGURE 5. R/C Pulse^High - Outputs Enabled Only 
While R/C Is High. 

the high-impedance state until the next occurrence of a 
high R/C pulse. Timing specifications for stand-alone 
operation are listed in Table IV. 
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TABLE IV. Stand-Alone Mode Timing. 






Symbol 


Parameter 


Min 


lyp 


Max 


Units 


tHRL 


Low R/C Pulse Width 


50 






ns 


tos 


STS Delay from R/C 






200 


ns 


tHDR 


Data Valid After R/C Low 


25 






ns 


tHS 


STS Delay After Data Valid 


300 


400 


1000 


ns 


tHRH 


High R/C Pulse Width 


150 






ns 


toDR 


Data Access Time 






150 


ns 



FULLY CONTROLLED OPERATION 
Conversion Length 

Conversion length (8-bit or 12-bit) is determined by the 
state of the Ao input, which is latched upon receipt of a 
conversion start transition (described below). If Ao is 
latched high, the conversion continues for 8 bits. The full 
12-bit conversion will occur if Ao is low. If all 12 bits are 
read following an 8-bit conversion, the 3LSBs (DBO- 
DB2) will be low (logic 0) and DB3 will be high (logic 1). 
Ao is latched because it is also involved in enabUng the 
output buffers. No other control inputs are latched. 

CONVERSION START 

The converter is commanded to initiate conversion by a 
transition occurring on any of three logic inputs (CE, 
CS, and R/C) as shown in Table III. Conversion is 
initiated by the last of the three to reach the required 
state and thus all three may be dynamically controlled. If 
necessary, all three may change states simultaneously, 
and the nominal delay time is the same regardless of 
which input actually starts conversion. If it is desired 
that a particular input establish the actual start of con- 
version, the other two should be stable a minimum of 
SOnsec prior to the transition of that input. Timing rela- 
tionships for start of conversion timing are illustrated in 
Figure 6. The specifications for timing are contained in 
Table V. 
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FIGURE 6. Conversion Cycle Timing. 

The STATUS output indicates the current state of the 
converter by being in a high state only during conver- 
sion. During this time the three state output buffers 
remain in a high-impedance state, and therefore data 
cannot be read during conversion. During this period 
additional transitions of the three digital inputs which 
control conversion will be ignored, so that conversion 
cannot be prematurely terminated or restarted. How- 
ever, if Ao changes state after the beginning of conver- 
sion, any additional start conversion transition will latch 
the new state of Ao, possibly resulting in an incorrect 
conversion length (8 bits vs 12 bits) for that conversion. 
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TABLE V. Timing Specifications. 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Convert Mode 












tosc 


STS delay from CE 




60 


200 


ns 


tHEC 


CE Pulse width 


50 


30 




ns 


tssc 


CS to CE setup 


50 


20 




ns 


tHSC 


CS low during CE high 


50 


20 




ns 


tsRC 


R/C to CE setup 


50 







ns 


tHRC 


R/C low during CE high 


50 


20 




ns 


tsAC 


Ao to CE setup 









ns 


tHAC 


Ao valid during CE high 


50 


20 




ns 


tc 


Conversion time, 12 bit cycle 


9 


12 


15 


yus 




8 bit cycle 


6 


8 


10 


/US 


Read Mode 












too 


Access time from CE 




75 


150 


ns 


tHD 


Data valid after CE low 


25 


35 




ns 


tHL 


Output float delay 




100 


150 


ns 


tsSR 


CS to CE setup 


50 







ns 


tsRB 


R/C to CE setup 









ns 


tsAR 


Ao to CE setup 


50 


25 




ns 


tHSfl 


CS valid after CE low 









ns 


tHRR 


R/C high after CE low 









ns 


tHAR 


Ao valid after CE low 


50 






ns 


tHS 


STS delay after data valid 


100 


300 


600 


ns 



< 

8 

Q 
< 



NOTE Specifications are at +25°C and measured at 50% level of transitions 
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READING OUTPUT DATA 

After conversion is initiated, the output data buffers 
remain in a high-impedance state until the following four 
logic conditions are simultaneously met: R/C high, STA- 
TUS low, CE high, and CS low. Upon satisfaction of 
these conditions the data lines are enabled according to 
the state of inputs 12/8 and Ao. See Figure 7 and Table V 
for timing relationships and specifications. 




FIGURE 7. Read Cycle Timing. 

In most applications the 12/8 input will be hard-wired in 
either the high or low condition, although it is fully TTL- 
and CMOS-compatible and may be actively driven if 
desired. When 12/8 is high, all 12 output lines (DBO 
DBll) are enabled simultaneously for full data word 
transfer to a 12-bit or 16-bit bus. In this situation the A., 
state is ignored. 



When 12/8 is low, the data is presented in the form of 
two 8-bit bytes, with selection of the byte of mterest 
accomplished by the state of Ao during the read cycle. 
Connection of the ADC674A to an 8-bit bus for transfer 
of left-justified data is illustrated in Figure 9. The Ao 
input is usually driven by the least significant bit of the 
address bus, allowing storage of the output data word in 
two consecutive memory locations. 
When Ao is low, the byte addressed contains the 8MSBs. 
When Ao is high, the byte addressed contains the 4LSBs 
from the conversion followed by four logic zeros which 
have been forced by the control logic. The left -justified 
formats of the two 8-bit bytes are shown in Figure 8. The 
design of the ADC674A guarantees that the Ao input 
may be toggled at any time with no damage to the con- 
verter; the outputs which are tied together as illustrated 
in Figure 9 cannot be enabled at the same time. 
In the majority of applications the read operation will be 
attempted only after the conversion is complete and the 
STATUS output has gone low. In those situations 
requiring the earliest possible access to the data, the read 
may be started as much as 750nsec (too max + tns max) 
before STATUS goes low. Refer to Figure 7 for these 
timing relationships. 

BURN-IN SCREENING 

Burn-in screening is available for both plastic and ceramic 
package ADC674As. Burn-in duration is 160 hours at 
the temperature (or equivalent combination of time 
and temperature) indicated below: 

Plastic "-BI" models: +85°C 

Ceramic "-BI" models: +125°C 

All units are 100% electrically tested after burn-in is 
completed. To order burn-iri, add "-BI" to the base 
model number (e.g., ADC674AKP-BI). See Ordering 
Information for pricing. 
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Word 2 
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DBS 
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DB2 
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DBO 




DB7 


DB6 
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DB4 


DB3 


DB2 


DB1 


DBO 


DB11 


DB10 ' 


DB9 


DB8 


DB7 


DB6 


DBS 


DB4 


DB3 


DB2 


DB1 


DBO 













































FIGURE 8. 12-Bit Data Format for 8-Bit Systems. 
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FIGURE 9. Connection to an 8-bit Bus. 
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ADC700 

ADVANCE INFORMATION 
SUBJECT TO CHANGE 



16-Bit Resolution 

A/D CONVERTER 

With Microprocessor Interface 



FEATURES 

• COMPLETE WITH REFERENCE, CLOCK, 
8-BIT PORT MICROPROCESSOR 
INTERFACE 

• OUTPUT BUFFER LATCH FOR IMPROVED 
INTERFACE TIMING FLEXIBILITY 

• CONVERSION TIME: 

15^is max (0°C to 70*^C, -25X to +85X); 
20^ismax (-55°Cto+125X) 

• LINEARITY ERROR: ±0.003%FSR max 
(K, S Grades) 

• NO MISSING CODES TO 14 BITS OVER 
TEMPERATURE (K, S Grades) 

• SPECIFIED OPERATION AT ±12V AND 
±15V POWER SUPPLIES 

• PARALLEL AND SERIAL DATA OUTPUT 

• SMALL PACKAGE: 28-Pin DIP 



APPLICATIONS 



• PRECISION CONTROL 

• HIGH-RESOLUTION DATA ACQUISITION 

• MICROPROCESSOR-DRIVEN DATA 
ACQUISITION SYSTEMS 

• WAVEFORM ANALYSIS 
INSTRUMENTATION 

oData Ready > 



RDO- 

cs«>- 

BTCENO- 



oDataReady/^^j^j 



Parallel Data 
(DB0-DB7)/(DB8-DB15) 



Output 
Inter- 
face 
Logic 



.mi 



Ret 



-AW- 



Bipolar 
Offset 



3-State 3-State 



16-Bit 
Data Latch 



X 



Analog Inputs 

— O10V 



16-Bit 
Converter 



16-Bit 
SAR 



DESCRIPTION 

ADC700 is a 16-bit resolution successive approxima- 
tion analog-to-digital converter. It is complete with a 
self-contained reference, intemal clock and complete 
digital interface, including output data latch and three- 
state output drivers for operation with microprocessors 
and microcontrollers. 

The reference circuit, containing a buried zener, is laser- 
trimmed for minimum temperature coefficient. The 
clock oscillator is current-controlled for excellent sta- 
bility over temperature. Gain and Zero errors may be 
extemally trimmed to zero. Intemal scaling resistors 
are provided for selection of analf t input ranges of 
OV to +5V, OV to +10V, OV to -h20V, ±2.5V, ±5V, 
and ±10V. 

Conversion time is factory set at for 15|as max over 
temperature for a 16-bit conversion over the industrial 
International Airport Industrial Park • Mailing Address: PO Box 1 1 400 




5kQ 5kQ 



Comparator 
Input 



Comparator 



Clocl< & Control 
Logic 



-oSerial Data Output 
-oSerial Data Strobe 



-o Conversion Status 



Convert 
Command 

temperature range, -25°C to +85*^0; 20|is max for the 
military temperature range. 

After a conversion is complete, output data is stored 
in a latch separate from the successive approximation 
logic. This permits starting the next conversion before 
the data from the previous conversion is read. Data 
is available in two 8-bit bytes from TTL-compatible 
three-state output drivers. Output datais coded in Straight 
Binary for unipolar input signals and Bipolar Offset 
Binary or Twos Complement for bipolar input signals. 
BOB or BTC is selected by a logic function available 
on one of the pins. 

The ADC700, available in commercial, industrial, and 
military temperature ranges, requires supply voltages 
of -1-5 V, ±12V, or ±15V. It is packaged in a hermetic 
28-pin side-braze ceramic DIP. 
Tucson, AZ 85734 • Street Address: 6730 8. Tucson Blvd. • Tucson, AZ 85706 



Tel: (602) 746-1111 



Twx: 910-952-1111 



Cable: BBRCORP 
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SPECIFICATrONS 



T^ = 25°C and at rated supplies: V^d = +5V, +Vcc = +12V or +15V, -V^,. = -12V or -15V unless otherwise noted. 



MODEL 


ADC700JH/AH/RH 


ADC700KH/BH/SH 




PARAMETERS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


UNITS 


RESOLUTION 




16 






* 


BITS 


ANALOG INPUTS 
















Voltage Ranges 
















Bipolar 


±2.5. ±5, ±10 




* 




V 


Unipolar 


to +5.0 to +10,0 to +20 




* 




V 


Impedance (Direct Input) 
















OV to +5V, ±2.5V 




2.5 ±1% 






* 




WJ 


0Vto+10V.±5V 




5±1% 






* 




ka 


0Vto+20V.±10V 




10 ±1% 






• 




Wi 


DIGITAL SIGNALS (Over Specification Temperature Range) 












Inputs 
















Logic Levels (^> 
















V^ 


+2.0 




+5.5 


* 




* 


V 


V,L 







+0.8 


* 






V 


I,h(V, = +2.7V) 






±10 








ma 


1 JV, = +0.4V) 






±20 








MA 


Outputs 
















Logic Levels 
















VoL('oL = -1-6mA) 






+0.4 






• 


V 


Voh(Ioh = +20uA) 


+2.4 






* 






V 


TRANSFER CHARACTERISTICS | 


ACCURACY 
















Linearity Error 






±0.003 






±0.003 


%ofFSR»> 


Differential Unearity Error 




±0.003 






±0.0015 




% of FSR 


Gain En-ori^' 




±0.1 


±0.2 




* 


* 


% 


Zero Error*'" 
















Bipolar Zero 




±0.1 


±0.2 




* 


* 


% of FSR 


Unipolar Zero 




±0.05 


±0.1 




* 


• 


% of FSR 


Inherent Quantization Error 




±1/2 






* 




LSB 


Noise at Transitions (3op-p) 




±0.001 






* 




% of FSR 


Power Supply Sensitivity 
















+Vcc 




±0.0015 










%FSR/%Vcc 


-Vcc 




±0.0015 






* 




%FSRy%Vcc 


VoD 




±0.0001 






* 




%FSR/%Voo 


CONVERSION TIME 
















16-bits 






15 






20 


MS 


WARM-UPTIME 


5 






• 






min 


DRIFT (Over Specification Temperature Range) 














Gain Drift 




±8 






* 




ppm/°C 


Zero Drift 
















Bipolar Zero 




±5 






• 




ppm of FSR/^C 


Unipolar Zero 




±2 






* 




ppm of FSR/*'C 


Unearity Drift 




±1 






* 




ppm of FSRAC 


OUTPUT 1 


DATA CODES'*' 
















Unipolar Parallel 




USB 






* 






Bipolar Parallel(s) 




BTC. BOB 






* 






Serial Output (NRZ) 




USB, BOB 






* 






POWER SUPPLY REQUIREMENTS 
















Voltage Range 
















+Vcc 


+11.4 


+15 


+16 


* 


* 


* 


VDC 


-Vcc 


-11.4 


-15 


-16 


• 


• 


• 


VDC 


Voo 


+4.75 


+5 


+5.25 




* 


* 


VDC 


Cun-ent**' 
















+Vcc 




+10 


+12 




* 


* 


mA 


-Vcc 




-28 


-33 




• 


• 


mA 


Voo 




+15 


+18 




* 


* 


mA 


Power Dissipation 




645 


765 




* 


* 


mW 


TEMPERATURE RANGE 
















Specification 
















J, K Grades 







+70 


* 




♦ 


oc 


A, B Grades 


-25 




+85 


• 




* 


»C 


R, S Grades 


-55 




+125 


* 




* 


"0 


Storage 


-S5 




+150 


* 




* 


'>C 



(0 
DC 
Ul 

I- 

oc 

UJ 
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z 
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o 

z 
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NOTES: (1 ) TTL. LSTTL, and 5V CMOS compatible. (2) FSR means Full Scale Range. For example, unit connected for ±1 OV range has 20V FSR. 
(3) Extemally adjustable to zero. (4) USB — Unipolar Straight Binary; BTC — Binary Twos Complement; BOB — Bipolar Offset Binary; NRZ — Non 
Retum to Zero. (5) BTC/BOB is pin selectable with pin 23, BTCEN. (6) Max supply current is specified at rated supply voltages. 
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MECHANICAL 



i€T T© ClHJMm 



H Package — 28-Pin Ceramic DIP 


















NOTE: Leads in 
true position within 
O.or (0.25mm) R at 
MMC at seating 
plane. Pin numbers 
shown for reference 
only. Numbers may 
not be marked on 
package. 


Chamfer 


• A » 








INCHES 


MILLIMETERS 




DIM 


MIN 1 MAX 


MIN 1 MAX 


28 15 
1 14 


B 

1 


A 


1.435 1 1.465 


36.45 1 37.21 


B 


.610 BASIC 


15.49 BASIC 


C 


.160 


.205 


4.06 


5.21 


D 


.015 


.019 


0.38 


0.48 


F 


.045 


.055 


1.14 


1.40 


Pin1 
Identifier 




G 


.100 BASIC 


2.54 BASIC 


1 c .. .. M 


H 


.055 


.095 


1.40 


2.41 


H — 




. 








,1 


.009 


.012 


0.23 


0.30 












-.„U 


K 


.155 


IQ-ii 


3.94 


4.95 


WWWWWI 

L JUJ 


Km 


^ 




L 


.600 BASIC 


15.24 BASIC 


r n 3 i: 




H.. 




J— 

L ^ 


N 


.040 1 .060 


1.02 1 1.52 


Seating 
Plane 
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ADC774 



ADVANCE INFORMATION 
SUBJECT TO CHANGE 



Microprocessor-Compatible 
ANALOG-TO-DIGITAL CONVERTER 



FEATURES 

• COMPLETE 12-BIT A/D CONVERTER WITH 
REFERENCE, CLOCK, AND 8-. 12-, OR 16-BIT 
MICROPROCESSOR BUS INTERFACE 

• IMPROVED PERFORMANCE SECOND SOURCE FOR 
HI774-TYPE A/D CONVERTER 

Conversion Time: 8.5//S max 
Bus Acceiss Time: 150ns 

• FULLY SPECIFIED FOR OPERATION ON ±12V OR 
±15V SUPPLIES 

• NO MISSING CODES OVER TEMPERATURE: 

0<>C to +WZ: ADC774JH, KH Grades 
-SS^'C to +125<>C: ADC774SH, TH Grades 



DESCRIPTION 

The ADC774 is a 12-bit successive approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom- 
designed for freedom from latch-up and for optimum 
AC performance. It is complete with a self-contained 



+10V reference, internal clock, digital interface for 
microprocessor control, and three-state outputs. 

The reference circuit, containing a buried zener, is 
laser-trimmed for minimum temperature coefficient. 
The clock oscillator is current-controlled for excel- 
lent stability over temperature. Full-scale and offset 
errors may be externally trimmed to zero. Internal 
scaling resistors are provided for the selection of 
analog input signal ranges of OV to H-lOV, OV to 
+20V, ±5V, and ±10V. 

The converter may be externally programmed to 
provide 8- or 12-bit resolution. The conversion time 
for 12 bits is factory set for 8.5/Lts maximum. 

Output data are available in a parallel format from 
TTL-compatible three-state output buffers. Output 
data are coded in straight binary for unipolar input 
signals and bipolar offset binary for bipolar input 
signals. 

The ADC774, available in both industrial and 
military temperature ranges, requires supply volt- 
ages of +5V and ±12V or ±15V. It is packaged in a 
28-pin plastic DIP, or hermetic side-brazed ceramic 
DIP. 
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SPECIFICATIONS 



ELECTRICAL 

Ta = +26°C, Vcc = +12V or +15V, Vee = -12V or -15V, Vlooic = +5V unless ottierwise specified. 



MODEL 


ADC774JH, ADC774$H 


ADC774KH, ADC774TH 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


RESOLUTION 






12 






* 


Bits 


INPUTS 1 


ANALOG 




t 










Voltage Ranges. Unipolar 


to +10. to +20 




« 




V 


Bipolar 




±5, ±10 




« 




V 


Impedance- to +10V, ±5V 


47 


5 


53 


♦ 


* 


* 


kO 


±10V.0Vto+20V 


9.4 


10 


10.6 


* 


* 


* 


kO 


DIGITAL (CE, CS, R/C, Ao, 12/8) 
















Over Temperature Range 
















Voltages Logic 1 


+2 




+5.5 


* 




« 


V 


Logic 


-0.5 




+0.8 


♦ 




* 


V 


Current 


-5 


0.1 


+5 


♦ 


* 


* 


M 


Capacitance 




5 






♦ 




PF 


TRANSFER CHARACTERISTICS | 


ACCURACY 
















At +25°C 
















Linearity Error 






±1 






±1/2 


LSB 


Unipolar Offset Error (adjustable to zero) 






±2 






* 


LSB 


Bipolar Offset Error (adjustable to zero) 






±10 






±4 


LSB 


Full-Scale Calibration Error"' 
















(adjustable to zero) 






±0.3 






• 


% of FS'^' 


No Missing Codes Resolution (Diff Linearity) 


11 






12 






Bits 


Inherent Quantization Error 




±1/2 






♦ 




LSB 


Tmin to Tmax 
















Linearity Error: J, K Grades 






±1 






±1/2 


LSB 


S, T Grades 






±1 






±1/2 


LSB 


Full-Scale Calibration Error 
















Without Initial Adjustment"': J, K Grades 






±0.5 






±0.4 


%ofFS 


S, T Grades 






±0.8 






±0.5 


%of FS 


Adjusted to zero at +25°C: J, K Grades 






±0.22 






±0.12 


%of FS 


S, T Grades 






±0.5 






±0.25 


%ofFS 


No Missing Codes Resolution (Diff. Linearity) 


11 






12 






Bits 


TEMPERATURE COEFFICIENTS (Tmin to Tmax)'" 
















Unipolar Offset: J. K Grades 






±10 






±5 


ppm/X 


S, T Grades 






±5 






±2.5 


ppm/°C 


Max Change: All Grades 






±2 






±1 


LSB 


Bipolar Offset: All Grades 






±10 






±5 


ppm/^C 


Max Change: J, K Grades 






±2 






±1 


LSB 


S, T Grades 






±4 






±2 


LSB 


Full-Scale Calibration- J, K Grades 






±45 






±25 


ppm/^C 


S. T Grades 






±50 






±25 


ppm/^C 


Max Change: J, K Grades 






±9 






±5 


LSB 


S. T Grades 






±20 






±10 


LSB 


POWER SUPPLY SENSITIVITY 
















Change in Full-Scale Calibration 
















+13 5V < Vcc < +16.5V or +11.4V < Vcc < +12.6V 






±2 






±1 


LSB 


-16 5V < Vee < -13 5V or -12 6V < Vee < -11.4V 






±2 






±1 


LSB 


+4.5V < Vloqic < +5 5V 






±1/2 






* 


LSB 


CONVERSION TIME 
















8-Bit Cycle 




4.6 


5.2 




♦ 


* 


/ws 


12-Bit Cycle 




7.5 


8.5 




* 


« 


A/s 


OUTPUTS 1 


DIGITAL (DBii - DBo, STATUS) 










(Over Temperature Range) 










Output Codes. Unipolar 




Unipolar Straight Binary (USB) 






Bipolar 




Bipolar Offset Binary (BOB) 






Logic Levels. Logic (Isink = 1 6mA) 






+0.4 






* 


V 


Logic 1 (IsouRCE = 500^A) 


+2 4 






♦ 






V 


Leakage, Data Bits Only, High-Z State 


-5 


01 


+5 


• 


* 


* 


//A 


Capacitance 




5 






« 




pF 


INTERNAL REFERENCE VOLTAGE 
















Voltage 


+9.9 


+10.0 


+101 


* 


* 


* 


V 


Source Current Available for External Loads'®' 


2.0 






* 






mA 
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ELECTRICAL (CONT) 

Ta = +25''C, Vcc = +12V or +15V, Vee = -12V or -15V, Vlogic = +5V unless otherwise specified. 



MODEL 


ADC774JH, ADC774SH 


ADC774KH, ADC774TH 


UNITS 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


POWER SUPPLY REQUIREMENTS | 


Voltage Vcc 


+11.4 




+16 5 


♦ 






V 


Vee 


-11.4 




-16.5 


* 






V 


VuOGIC 


+4 5 




+5.5 


* 






V 


Current: Ice 




3.5 


5 




* 




mA 


Iee 




15 


20 




* 




mA 


Logic 




9 


15 




* 




nnA 


Power Dissipation (±15V Supplies) 




325 


450 




* 




mW 


TEMPERATURE RANGE (Ambient. Tm.n. Tmax) | 


Specification: J, K Grades 







+75 


* 




* 


"C 


S. T Grades 


-55 




+125 


* 




* 


°C 


Storage 


-65 




+150 


* 




* 


"C 



*Same specification as ADC774JH, SH 

NOTES (1 ) With fixed 500 resistor from REF OUT to REF IN This parameter is also adjustable to zero at +25°C (2) FS m this specification table means Full Scale 
Range That is, for a ±10V input range, FS means 20V; for a to +10V range, FS means 10V The term Full Scale for these specifications instead of Full-Scale Range is 
used to be consistent with other vendors' specification tables. (3) Using internal reference (4) External loading must be constant dunng conversion The reference 
output requires no buffer amplifier with either ±12V or ±15V power supplies 

MECHANICAL 



H Package [Ceramic] 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1386 


1414 


35 20 


35 92 


C 


108 


166 


2 74 


4 22 


D 


015 


021 


38 


53 


F 


035 


060 


89 


152 


G 


100 BASIC 


2 54 BASIC 1 


H 


036 


064 


91 


163 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


610 


L 


600 BASIC 


15 24 BASIC 1 


M 


_ 


10° 


— 


10° 


N 


025 


060 


064 


152 



]^ ~ 



JL 



NOTE Leads in true position 
within 01" (0 25mm) R at MMC 
at seating plane 



Pin numbers shown for reference 
only Numbers may not be marked 
on package 




JL. 



X 



L-^> 



Seating Plane 



CASE Ceramic, hermetic 
WEIGHT 4 8 grams (0 17 oz ) 



CO 

oc 
111 

h- 
cr 

LU 

> 
z 
o 
o 

Q 

z 
o 



LU 



z 



ABSOLUTE MAXIMUM RATINGS 



CONNECTION DIAGRAM 



Vcc to Digital Common to +16 5V 

Vee to Digital Common to -16 5V 

Vlogic to Digital Common to +7V 

Analog Common to Digital Common ±1V 

Control Inputs (CE, CS. Ao. 12/8^ R/C) 

to Digital Common -0 5V to Vlogic +0 5V 

Analog Inputs (REF IN. BIP OFF . IOVin) 

to Analog Common ±16 5V 

20ViN to Analog Common ±24V 

REF OUT Indefinite Short to Common. 

Momentary Short to Vcc 

Max Junction Temperature +165X 

Power Dissipation lOOOmW 

Lead Temperature (soldering, 10s) +300°C 

Thermal Resistance, ^ja Ceramic 50'*C/W 



CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 




O 
O 

< 
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ADC804 



Serial Output 
ANALOG-TO-DIGITAL CONVERTER 



FEATURES 

• 17/iSeG CONVERSION TIIVIE 

• SERIAL OUTPUT— ideal for applications requiring 
isolation or long-distance data transmission 

• <500mW POWER DISSIPATION 

• 24-PiN DUAL-WIDE HERIVIETIC PACKAGE 

• FULLY SPECIFIED FOR OPERATION ON ±12V OR 
±15V SUPPLIES 

• ±0.012% INTEGRAL LINEARITY 

• 12-BIT RESOLUTION 

• TWO TEMPERATURE RANGES AVAILABLE: 
ADC804BH for -25° C to +85° C Operation 
ADC804SH for -55° C to +125°C Operation 

• NO MISSING CODES -25° C TO +85° C 

DESCRIPTION 

The ADC804 is a 12-bit successive approximation 
analog-to-digital converter, custom-designed for 
freedom from latch-up and for optimum AC per- 
formance. It is complete with a comparator, a 
monolithic 12-bit DAC which includes a 6.3V refer- 
ence laser-trimmed for minimum temperature coeffi- 
cient^ and a CMOS logic chip containing the succes- 
sive approximation register (SAR), clock, and all 
other associated logic funtions. 
Internal scaling resistors are provided for the selec- 
tion of analog input signal ranges of +2.5V, +5V, 
±10V, to +5V, or to +10V. Gain and offset 
errors may be externally trimmed to zero, enabling 
initial end-point accuracies of better than ±0.012% 
(+1/2LSB). The ADC804 has two grades, one com- 
pletely specified for — 25°C to +85°C operation 
(ADC804BH), and the other for -55°C to +125°C 
operation (ADC804SH). 
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The maximum conversion time of I7^isec makes the 
ADC804 ideal for a wide range of 12-bit applications 
requiring system throughput sampling rates up to 
59kH/. In addition, an external clock may be used 
to synchronize the converter to the system clock or 
to obtain faster operation. As an added benefit for 
ADC80 users employing the serial output capability, 
the ADC804 is designed to replace or provide an 
alternate source to ADC80 with a minimum of cir- 
cuit board changes and it provides a 40% reduction 
in conversion time. 

Data is available in serial form with corresponding 
clock and status signals. Elimination of the parallel 
output capability enables the ADC804 to be the 
smallest fully self-contained 12-bit ADC available 
today. All digital input and output signals are 
TTL/ LSTTL-compatible, with internal pull-up resis- 
tors included on all digital inputs to eliminate the 
need for external pull-up resistors on digital inputs 
not requiring connection. The ADC804 operates 
equally well with either ±15V or ±I2V analog power 
supplies, and also requires use of a +5V logic 
supply. It is packaged in a hermetic 24-pin side- 
brazed ceramic dual-in-line package. 



CLOCK INHIBIT O- 
EXTERNAL ^ 
CLOCK °- 
COMPARATOR ,. 



BIPOLAR 

OFFSET 

20V RANGE 



rr 



> 



SUCCESSIVE 

APPROXIMATION 

REGISTER 



STATUS OUT 
O 



^VCOI 



BIT D/A 
CONVERTER 



JV 
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SPECIFICATIONS 

ELECTRICAL 

Ta = +25°C, ±Vcc = 12V or 15V, Vdd = +5V unless otherwise specified 



MODEL 


ADC804BH 


ADC804SH 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


RESOLUTION 






12 








Bits 


INPUT 1 


ANALOG 




1 










Voltage Ranges Unipolar 


to +5.0 to +10 








V 


Bipolar 


±2 5, ±5, +10 








V 


Impedance 0to+5V, ±2 5V 




23 










kQ 


Oto+lOV, +5V 




46 










kn 


±10V 




92 










kQ 


DIGITAL 
















Logic Characteristics (over specification temperature range) 
















V,H (logic "1") 


20 




55 


* 






V 


V,L (logic "0") 


-0 3 




+0 8 








V 


liH (V,N = +2 7V) 






-150 








A^A 


liL (V.N =+0 4V) 






500 








y"A 


Convert Command Pulse Width 


100 




1200 








nsec 


TRANSFER CHARACTERISTICS | 


ACCURACY 
















Gam Error"' 




±0 1 


±0 3 








% of FSR'^' 


Offset Error"' Unipolar 




±0 05 


±0 2 








% of FSR 


Bipolar 




±0 1 


±0 3 








% of FSR 


Linearity Error 






+0 012 








% of FSR 


Differential Linearity Error 






±1 








LSB 


Inherent Quantization Error 




1/2 






* 




LSB 


POWER SUPPLY SENSITIVITY 
















+13 5V < +Vcc < +16 5V or +1 1 4V < +Vcc < +12 6V 




±0.003 


±0 009 








% of FSR/%Vcc 


-16 5V < -Vcc < -13 5V or -12 6V < -Vcc < -1 1 4V 




±0 003 


±0 009 








% of FSR/%Vcc 


+4 5V < Vdd < +5 5V 




±0 002 


±0.005 








% of FSR/%Vdd 


DRIFT 
















Total Accuracy, Bipolar'^' 




±10 


±23 




* 




ppm/<^C 


Gam 




±15 


±30 








ppm/°C 


Offset Unipolar 




±3 






• 




ppm of FSR/°C 


Bipolar 




±7 


±15 








ppm of FSR/°C 


Linearity Error Drift 




±1 


±3 








ppm of FSR/°C 


Differential Linearity over Temperature Range 






+1, -3/4 








LSB 


No Missing Code Temperature Range 


-25 




+85 


-55 




+125 


°C 


Monotonicity Over Temperature Range 




Guaranteed 


Guaranteed 




CONVERSION TIME"" 


1 15 1 17 


1 1 1 ■ 


/usee 


OUTPUTS 1 


DIGITAL(Clock Out. Status, Serial Out) 
















Output Codes, Serial (NRZ)'^' 




CSB.COB 












Logic Levels. Logic (U-nk < 3 2mA) 






+0 4 








V 


Logic 1 (Isource < 80/iA) 


+2.4 












V 


Internal Clock Frequency 




92 3 










kHz 


INTERNAL REFERENCE VOLTAGE 
















Voltage 


+6 2 


+6 3 


+6 4 








V 


Source Current Available for External Loads'^' 


200 












/yA 


Temperature Coefficient 




±10 


±30 








ppm/°C 


POWER SUPPLY REQUIREMENTS 
















Voltage, ±Vcc 


±114 


±15 


±16 5 








V 


Vdd 


+4 5 


+5 


+5 5 




* 




V 


Current, +lcc 




5 


85 




* 




mA 


-Ice 




21 


26 








mA 


Idd 




11 


15 








mA 


Power Dissipation (±Vcc = 15V) 




450 


595 




* 




mW 


TEMPERATURE RANGE (Ambient) 
















Specification 


-25 




+85 


-55 




+125 


°C 


Storage 


-65 




+150 






* 


°C 



(0 
DC 
UJ 
h- 

tr. 
us 

> 
z 
o 
o 

Q 

g 

z 

UJ 



oc 

H 



s 

00 

O 
Q 

< 



*Same as specification for ADC804BH 

NOTES (1) Gam and offset errors are adjustable to zero See "Optional External Gam and Offset Adjustments" section (2) FSR means full-scale range 
and IS 20V for ±10V Range. 10V for ±5V and to +10V ranges, etc (3) Includes drift due to linearity, gam, and offset drifts (4) Conversion time is 
specified using internal clock For operation with an external clock see "Clock Options" section (5) CSB means Complementary Straight Binary, and 
COB means Complementary Offset Binary. NRZ means non-return-to-zero coding See Table I for additional information (6) External loading must be 
constant during conversion, and must not exceed 200/uA for guaranteed specifications 
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CONNECTION DIAGRAM 



TOP VIEW 



Pin 1 
Pin 2 
Pin 3 
Pin 4 
Pin 5 
Pin 6 
Pin 7 
Pm8 
Pin 9 
Pin 10 - 
Pin 11 - 
Pin 12 - 



- N/C 

- N/C 

- N/C 

- N/C 

- Vdd 

- Digital Common 

- Comparator In 

- Bipolar Offset 

- R1 10V Range 

- R2 20V Range 
Analog Common 
Gam Adjust 



Pin 24 - N/C 

Pin 23 - N/C 

Pin 22 - Serial Out 

Pin 21 - -Vcc 

Pin 20 - Reference Out (+6 3V) 

Pin 19 - Clock Out 

Pin 18 - Status 

Pin 17 - N/C 

Pin 16 - Clock Inhibit 

Pin 15 - External Clock 

Pin 14 - Convert Command 

Pin 13 - +Vcc 




ABSOLUTE MAXIMUM RATINGS 



-t-Vcc to Analog Common to +16 5V 

-Vcc to Analog Common to —16 5V 

Vdd to Digital Common to +7V 

Analog Common to Digital Common ±0 5V 

Logic Inputs (Convert Command, Clock In) 

to Digital Common -0 3V to Vdd +0 5V 

Analog Inputs (Analog In, Bipolar Offset) 

to Analog Common ■. ±16 5V 

Reference Output Indefinite Short to Common, 

Momentary Short to Vcc 



Power Dissipation 

Lead Temperature, Soldering 
Thermal Resistance, ^ja . 



lOOOmW 

+300°C. lOsec 
60°C/W 



Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device Exposure to absolute 
maximum conditions for extended periods may affect device relia- 
bility 

CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 



MECHANICAL 


























NOTE Leads in true position 

VVlthl" nin" ( 9«;mm\ R at MMr. at 1 












B 


seati 


ng plane 




[ 










-X' 


ir^ 




tmm 

^H JgU JL-d 


illl-^K 


I L J 


DIM 


INCHES 


MILLIMETERS || 


^Seating 
Plane 


MIN 


MAX 


MIN 


MAX 




A 


1238 


1262 


3145 


32 05 


B 


586 


602 


14 88 


15 29 


c 


160 


196 


4 06 


4 98 


D 


016 


020 


41 


51 


F 


038 


042 


97 


107 


G 


100 BASIC 


2 54 BASIC II 


H 


067 


085 


170 


216 1 


J 


008 


012 


20 


030 


K 


170 BASIC 


4 32 BASIC 


L 


600 BASIC 


15 24 BASIC 


N 


040 1 060 


102 1 152 


__ 








, „, 1 



ORDERING INFORMATION 



Model 


Temperature 
Range 


ADC804BH 
ADC804BHQ 
ADC804SH 
ADC804SHQ 


-25°Cto+85°C 
-25° C to +85° C 
-56°Cto+125°C 
-55°Ctd+125°C 


BURN-IN SCREENING OPTION 

See text for details 


Model 


Burn-In Temp. 

(160h)'^' 


ADC804BH-BI 
ADC804SHQ 


+125°C 
+125°C 



NOTE: Or equivalent combination. See text 



DISCUSSION OF 
SPECIFICATIONS 

LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Under 
this definition of linearity (sometimes referred to as inte- 
gral linearity), ideal transition values lie on a line drawn 
through zero (or minus full scale for bipolar operation) 
and plus full scale, providing a significantly better defini- 
tion of converter accuracy than the best-straight-line-fit 
definition of linearity employed by some manufacturers. 
The zero or minus full-scale value is located at an analog 
input value 1/2LSB before the first code transition 
(FFFh to FFEh). The plus full-scale value is located at 
an analog value 3/2LSB beyond the last code transition 
(00 1h to OOOh). See Figure I, which illustrates these rela- 
tionships. A linearity specification which guarantees 
+1/2LSB maximum linearity error assures the user that 
no code transition will differ from the ideal transition 
value by more than +1/2LSB. 

Thus, for a converter connected for bipolar operation 
and with a full-scale range (or span) of 20V (±10V opera- 
tion), the minus full-scale value of — lOV is 2.44mV 
below the first code transition (FFFh to FFEh at 
-9.99756V) and the plus full-scale value of +10V is 
7.32mV above the last code transition (001 h to OOOh at 
+9.99268V). Ideal transitions occur ILSB (4.88mV) apart, 
and the +1/2LSB linearity specification guarantees that 
no actual transition will vary from the ideal by more 
than 2.44mV. The LSB weights, transition values, and 
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ANALOG INPUT 



FIGURE 1. ADC804 Transfer Characteristic 
Terminology. 

code definitions for each possible ADC804 analog input 
signal range are described in Table I. 

CODE WIDTH (QUANTUM) 

Code width (or quantum) is defined as the range of 
analog input values for which a given output code will 
occur. The ideal code width is ILSB, which for 12-bit 
operation with a 20V span is equal to 4.88mV. Refer to 
Table I for LSB values for other ADC804 input ranges. 

DIFFERENTIAL LINEARITY ERROR AND NO 
MISSING CODES 

Differential linearity error is a definition of the differ- 
ence between an ideal ILSB code width (quantum) and 
the actual code width. A specification which guarantees 
no missing codes requires that every code combination 
appear in a monotonically increasing sequence as the 
analog input is increased throughout the range, requir- 
ing that every input quantum must have a finite width. If 
an input quantum has a value of zero (a differential 
linearity error of — I LSB), a missing code will occur but 
the converter may still be monotonic. Thus, no missing 
codes represent a more stringent definition of perfor- 
mance than does monotonicity. The ADC804BH is guar- 
anteed to have no missing codes to 12-bit resolution over 
its full specification temperature range of — 25°C to 



+85°C, and the ADC804SH displays no missing codes 
over the temperature range of — 55°C to +125°C. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantiza- 
tion error of±l/2LSB. This error is a fundamental prop- 
erty of the quantization process and cannot be elimi- 
nated. 

UNIPOLAR OFFSET ERROR 

An ADC804 connected for unipolar operation has an 
analog input range of OV to plus full scale. The first 
output code transition should occur at an analog input 
value 1/2LSB above OV. Unipolar offset error is defined 
as the deviation of the actual transition value from the 
ideal value, and is applicable only to converters operat- 
ing in the unipolar mode. 

BIPOLAR OFFSET ERROR 

A/D converter specifications have historically defined 
bipolar offset at the first transition value above the 
minus full-scale value. The ADC804 follows this conven- 
tion. Thus, bipolar offset error for the ADC804 is 
defined as the deviation of the actual transition value 
from the ideal transition value located 1/2LSB above 
minus full scale. 

GAIN ERROR 

The last output code transition (OOIh to OOOh) occurs for 
an analog input value 3/2LSB below the nominal plus 
full-scale value. Gain error is the deviation of the actual 
analog value at the last transition point from the ideal 
value. 

ACCURACY DRIFT VS TEMPERATURE 

The temperature coefficients for gain, unipolar offset, 
and bipolar offset specify the maximum change from the 
actual 25°C value to the value at the extremes of the 
specification range. The temperature coefficient applies 
independently to the two halves of the temperature range 
above and below +25°C. 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADC804 assume the 
application of the rated power supply voltages of +5V 
and ±12V or +I5V. The major effect of power supply 
voltage deviations from the rated values will be a small 
change in the plus full-scale value. This change, of 



TABLE I. Input Voltage*, Transition Values, LSB Values, and Code Definitions. 



Binary (BIN) Output 


Input Voltage Range and LSB Values | 


Analog Input Voltage Range 


Defined As 


±10V 


+5V 


+2 5V 


to +10V 


to +5V 


Code Designation 




COB* 


COB* 


COB* 


CSB** 


CSB** 


One Least Significant 
Bit (LSB) 


FSR/2" 
n = 12 


20V/2" 
4 88mV 


10V/2" 
2 44mV 


5V/2" 
1 22mV 


10V/2" 
2 44mV 


5V/2" 
1 22mV 


Transition Values 
MSB LSB 
OOIh to OOOh 
800h to 7FFh 
FFFh to FFEh 


+Full Scale 
Mid Scale 
-Full Scale 


+10V - 3/2LSB 


-10V + 1/2LSB 


+5V - 3/2LSB 


-5V + 1/2LSB 


+2 5V - 3/2LSB 


-2 5V+1/2LSB 


+ 10V - 3/2LSB 

+5V 

+ 1/2LSB 


+5V - 3/2LSB 

+ 2 5V 

+ 1/2LSB 



UJ 

I- 

fiC 
UI 

> 
z 
o 
o 

Q 

z 

o 

z 

UJ 

s 

3 
CC 

I- 

(0 



'a- 

o 

00 

O 
Q 

< 



'COB = Complementary Offset Binary "CSB = Complementary Straight Binary 
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course, results in a proportional change in all code tran- 
sition values (i.e. a gain error). The specification describes 
the maximum change in the plus full-scale value from 
the initial value for independent changes in each power 
supply voltage. 

TIMING CONSIDERATIONS 

Timing relationships of the ADC804 are shown in Fig- 
ure 2. It should be noted that although the convert 
command pulse width must be between lOOnsec and 
1.2/usec to obtain the specified conversion time with 
internal clock, the ADC804 will accept longer convert 
commands with no loss of accuracy, assuming that the 



Convert , ,, _ 

Command FySE TL 

^'"'•^ JXJXTLJlJTJlJTJXrLJlJIJ^ r 



Out 



H h tsD ^ ^ 'cp ^ - tew 



Serial "^j^'pv 

Data D ATA INVALIDl BIT 1 1 BIT 2 1 BIT 3 1 BIT 4 1 BIT 5 1 BIT 6 1 BIT 7 1 BIT 8 1 BIT 9 IBIT lOlBIT ll|BIT 12| 



Symbol 


Parameter 


Typ 


Units 


tcD 


Clock delay from convert command 


30 


nsec 


tcP 


Nominal clock period 


1.1 


A/sec 


tew 


Nominal clock pulse width 


0.55 


fj&ac 


tsD 


Status delay from convert command 


130 


nsec 


tov 


Data valid time from clock pulse high 


-35 


nsec 



FIGURE 2. ADC804 Timing Diagram (normal values 
at 4-25°C with internal clock). 

analog input signal is stable. In this situation, the actual 
indicated conversion time (during which status is high) 
for 12-bit operation will be equal to approximately 
600nsec less than the sum of the factory-set conversion 
time and the length of the convert command. The code 
returned by the converter at the end of the conversion 
will accurately represent the analog input to the conver- 
ter at the time the convert command returns to the low 
state. In addition, although the initial state of the con- 
verter will be indeterminate when power is first applied, 
it is designed to time-out and be ready to accept a con- 
vert command within approximately I5/xsec after power- 
up, provided that either an external clock source is pres- 
ent or the internal clock is not inhibited. 
During conversion, the decision as to the proper state of 
any bit (bit "n") is made on the rising edge of clock pulse 
" n + 1". Thus, a complete conversion requires 13 clock 
pulses with the status output dropping from logic "1" to 
logic "0" shortly after the rising edge of the thirteenth 
clock pulse. A new conversion may not be initiated until 
50nsec after the fall of the thirteenth clock pulse. Addi- 
tional convert commands applied during conversion will 
be ignored. 

DEFINITION OF DIGITAL CODES 

Two binary codes are available on the serial output of 
the ADC804, complementary straight binary (CSB) for 
unipolar input signal ranges, and complementary offset 
binary (COB) for bipolar input ranges. Both are com- 
plementary codes, meaning that logic "0" is true. Serial 



data is available only during conversion and appears 
with the most significant bit (MSB) occurring first. The 
serial data is synchronous with the internal clock as 
shown in the timing diagram of Figure 2. All clock 
pulses available from the ADC804 have a nominal pulse 
width of 550nsec to facilitate transfer of the serial data 
into external logic devices without external shaping. 

LAYOUT AND OPERATING 
INSTRUCTIONS 

LAYOUT PRECAUTIONS 

Analog and digital commons are not connected together 
internally in the ADC804 but should be connected 
together as close to the unit as possible, preferably to an 
analog common ground plane beneath the converter. If 
these common lines must be run separately, use a wide 
conductor pattern and a 0.01/uF to O.l/xF nonpolarized 
bypass capacitor between analog and digital commons at 
the unit. Low impedance analog and digital common 
returns are essential for low noise performance. Coupling 
between analog input lines and digital lines should be 
minimized by careful layout. For instance, if the lines 
must cross, they should do so at right angles. Parallel 
analog and digital lines should be separated from each 
other by a pattern connected to common. If external 
gain and offset potentiometers are used, the potentiome- 
ters and associated resistors should be located as close to 
the ADC804 as possible. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with 1/uF to lOjiF 
tantalum bypass capacitors located close to the conver- 
ter to obtain noise-free operation. Noise on the power 
supply lines can degrade the converter's performance. 
Noise and spikes from a switching power supply are 
especially troublesome. 

ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the analog input signal to 
the ADC804 will be driving into a nominal DC input 
impedance of 2.5k(l to lOkO. However, the output 
impedance of the driving source should be very low, such 
as the output impedance provided by a wideband, fast- 
settling operational amplifier. Transients in A/D input 
current are caused by the changes in output current of 
the internal D/A converter as it tests the various bits. 
The output voltage of the driving source must remain 
constant while furnishing these fast current changes. If 
the application requires a sample/ hold, select a sam- 
ple/hold with sufficient bandwidth to preserve the accu- 
racy or use a separate wideband buffer amplifier to lower 
the output impedance. 

INPUT SCALING 

The ADC804 offers five standard input ranges: OV 
to+5V, OV to +10V, ±2.5V, ±5V, and ±10V. The input 
range should be scaled as close to the maximum input 
signal range as possible in order to utilize the maximum 
signal resolution of the converter. Select the appropriate 



Burr-Brown IC Data Book 



9.1-82 



Vol. 33 



input range as indicated by Table II. The input circuit 
architecture is illustrated in Figure 3. Use of external 
padding resistors to modify the factory-set input ranges 
(such as addition of a small external input resistor to 
change the lOV range to a 10.24V range) will require 
matching of the external fixed resistor values to individ- 
ual devices, due to the large tolerance of the internal 
input resistors. Alternatively, the gain range of the con- 
verter may be easily increased a small amount by use of a 
low temperature coefficient potentiometer in series with 
the analog input signal or by decreasing the value of the 
gain adjust series resistor in Figure 6. 



TABLE II. 


ADC804 Input Scaling Connections. 
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FIGURE 3. ACD804 Input Scaling Circuit. 

REPLACEMENT OF ADC80 

As illustrated in Figure 4, a circuit board configured for 
use of the ADC80 serial output capability may be very 
easily adapted to also use the ADC804, or to achieve 
space savings due to the smaller package of the ADC804. 
The pin assignments of the ADC804 have been chosen to 
allow it to fit neatly into one corner of the ADC80 
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layout. When replacing ADC80 with ADC804, a board 
space improvement of approximately 1.25 square inches 
(8.06cm^) is obtained. 

CALIBRATION 

Optional External Gain and Offset Adjustments 

Gain and offset errors may be trimmed to zero using 
external offset and gain trim potentiometers connected 
to the ADC804 as shown in Figures 5 and 6 for both 
unipolar and bipolar operation. Multiturn potentiome- 
ters with 100ppm/°C or better TCR are recommended 
for minimum drift over temperature and time. These 
potentiometers may be of any value between lOkH and 
lOOkfl. All fixed resistors should be 20% carbon or bet- 
ter. Although not necessary in some applications, pin 12 
(Gain Adjust) should be preferably bypassed with a 
O.OI/xF nonpolarized capacitor to analog common to 
minimize noise pickup at this high impedance point, 
even if no external adjustment is required. 
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COMPARATOR IN 



lOkQ TO 
lOOkQ 
OFFSET 
AOJUST 



(B| 



+Vcc 



»IN T 



lOkQ 
TO 



7 IBOkn IBOkO 

COMP IN I > lOOkQ 
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2Bkfi 1 ADJUST 



FIGURE 5. Two Methods of Connecting Optional 
Offset Adjust. 
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FIGURE 4. Adapting an ADC80 Layout for ADC804. 



FIGURE 6. Two Methods of Connecting Optional Gain 
Adjust. 

Adjustment Procedure 

OFFSET — Connect the offset potentiometer as shown 
in Figure 5. Set the input voltage to the nominal zero or 
minus full-scale voltage plus 1/2LSB. For example, refer- 
ring to Table I, this value is — lOV + 2.44mV or 
-9.99756V for the -lOV to +10V range. 
With the input voltage set as above, adjust the offset 
potentiometer until an output code is obtained which is 
alternating l:)etween FFEh and FFFh with approximately 
50% occurrence of each of the two codes. In other words, 
the potentiomter is adjusted until bit 12 (the LSB) indi- 
cates a true (logic "0") condition approximately half the 
time. 
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GAIN — Connect the gain adjust potentiometer as shown 
in Figure 6. Set the input voltage to the nominal plus 
full-scale value minus 3/2LSB. Once again referring to 
Table I, this value is +10V - 7.32mV or +9.99268V for 
the — lOV to +10V range. Adjust the gain potentiometer 
until the output code is alternating between OOOh and 
00 1h with an approximate 50% duty cycle. As in the case 
of offset adjustment, this procedure sets the converter 
end-point transition to a precisely known value. 



ENVIRONMENTAL SCREENING 

The inherent reliability of a semiconductor device is con- 
trolled by the design, materials, and fabrication of the 
device — it cannot be improved by testing. However, the 
use of environmental screening can eliminate the major- 
ity of those units which would fail early in their lifetimes 
(infant mortality) through the application of carefully 
selected accelerated stress levels. Burr-Brown Q models 



CLOCK OPTIONS 

The ADC804 is extremely versatile in that it can be 
operated with either internal or external clock. Thus, use 
of an available system clock enables synchronization of 
the converter to the rest of the system to optimize per- 
formance in a noisy environment. 

When operating with the internal clock, pin 15 (external 
clock input) and pin 16 (clock inhibit) may be left 
unconnected. No external pull-ups are required due to 
the inclusion of pull-up resistors in the ADC804. Pin 16 
(clock inhibit) must be grounded for use with an external 
clock, which is applied to pin 15. 

See Figures 7 through 10 for diagrams to implement the 
various clock options. 
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FIGURE 8. Continuous External Clock. (Conversion 
initiated by rising edge of convert com- 
mand. The convert command must be syn- 
chronized with clock.) 
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FIGURE 7. Internal Clock — Normal Operating Mode. 
(Conversion initiated by the rising edge of 
the convert command. The internal clock 
runs only during conversion.) 
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FIGURE 9. Continuous Conversion with external 
Clock. (Conversion is initiated by 14th 
clock pulse. Clock runs continuously.) 
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FIGURE 10. Continuous Conversion with 200nsec between Conversions Using Internal Clock. (Circuit insures that 
the conversion process will start when power is applied.) 
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are environmentally-screened versions of our standard 
industrial products, designed to provide enhanced relia- 
bility. The screening illustrated in Table III is performed 
to selected methods of MIL-STD-883. Reference to 
these methods provides a convenient method of com- 
municating the screening levels and basic procedures 
employed; it does not imply conformance to any other 
military standards or to any methods of MIL-STD-883 
other than those specified. Burr-Brown's detailed proce- 
dures may vary slightly, model-to-model, from those in 
MIL-STD-883. 

BURN-IN SCREENING 

Burn-in screening is an option available for the ADC804. 
Burn-in duration is 160 hours at +125°C ambient temper- 
ature (or equivalent combination of time and temp- 
erature). 

All units are tested after burn-in to ensure that grade 
specifications are met. To order burn-in, add "BI" to the 
base model number. 



TABLE III. Screening Flow for ADC804xHQ 
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ADS807 
ADS808 

ADVANCE INFORMATION 
SUBJECT TO CHANGE 



12-Bit Resolution Sampling 
A/D Converter 



FEATURES 

• COMPLETE WITH REFERENCE, CLOCK 
AND THREE-STATE OUTPUTS 

• INTERNAL SAMPLE/HOLD AMPLIFIER 

• 100kHz SAMPLING RATE 

• PIN COMPATIBLE WITH INDUSTRY 
STANDARDS: ADC574, ADC674, ADC774 
Non-sampling A/D Converters 

• POWER DISSIPATION: 660mW 

• PACKAGE: 28-Pin DIP 

DESCRIPTION 

ADS807 and ADS808 are complete 12-bit sampling 
A/D converters. Each contains a complete ADC774 
A/D converter plus an internal sample/hold. They also 
have an internal buried-zener reference, intemal clock, 
and three-state output drivers. The ADS807/808 are 
specified at lOOkHz sampling rate. 

The sample/hold has a l|as acquisition time to ±0.01% 
for a lOV input step change. Aperture Time is 25ns 
and Aperture Uncertainty is 300ps. AC performance 
is completely specified. Harmonic Distortion, Signal- 
to-Noise Ratio. 1 1 -bit and 1 2-bit integral linearity grades 
are available. 



The ADS807, with a full-scale input range of lOV, 
can be pin-strapped for OV to +10V or ±5V analog 
input ranges. The ADS808 has an input range of ±10V. 

The ADS807/808 are available in a 28-pin side-braze 
hermetic double-wide DIP packages and are specified 
over 0°C to +70^C, and -55^C to +125°C temperature 
ranges. 

The ADS807/808 are excellent high-speed replace- 
ments for A/D and sample/hold combinations that use 
the industry standard 574 pinout. 
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^DWMMCE mm^MMmM SUBJECT T© CM^Mi 
SPECIFICATIONS 
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ELECTRICAL SPECIFICATIONS (cont) 
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'Specifications same as ADS807/808JH. 

NOTES: (1 ) ADS807: For input ranges -5V to +5V, to +1 OV. ADS808: For input range ±1 OV. (2) Adjustable to zero with external potentiometer. (3) Specifications 
assume a fixed 50i2 resistor between Ref Out (Pin 8) and Ref In (Pin 1 0). Full Scale Error is the difference between the ideal and the actual input voltage at which the 
digital output makes a transition from FFE,g to FFF,^. Ideally this transition point should occur at an analog input voltage 1 -1 12 LSB below the nominal full scale voltage. 
(4) FSR means Full Scale Range. For ADS807, FSR = 10V; for ADS808 FSR = 20V. (5) Change specifications for unipolar offset, bipolar zero and full-scale error 
correspond to the change from the initial value (at 25°C) to the value at T„,^ or T^^. (6) Max supply current is specified at rated supply voltages. 



MECHANICAL 



H Package — 28-PIn Ceramic DIP 
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MMC at seating 
plane. Pin numbers 
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only. Numbers may 
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12-BIT 
ULTRA-HIGH SPEED A/D CONVERTER 



FEATURES 

• HIGH RESOLUTION: 12 bits 

• SAMPLE RATE: DC to 10MHz 

• HIGH SINAD RATIO: 67(18 

• LOW HARMONIC DISTORTION: -71dB 

• LOW INTERMODULATION DISTORTION: -70dB 

• INPUT RANGE: ±1.25V 

• COMPLETE SUBSYSTEM: Contains Sample/Hold 
and Reference 

• LOW DISSIPATION: 8.5W 

• 0°C TO +70° C AND -25° C TO +85° C 

DESCRIPTION 

The ADC600 is an ultra-high speed analog-to-digital 
converter capable of digitizing signals at any rate 
from DC to 10 megasamples per second. Outstanding 
dynamic range has been achieved by minimizing 
noise and distortion. 



• DIGITAL SIGNAL PROCESSING 

• RADAR SIGNAL ANALYSIS 

• TRANSIENT SIGNAL RECORDING 

• FFT SPECTRUM ANALYSIS 

• HIGH-SPEED DATA ACQUISITION 

• JAM-RESISTANT SYSTEMS 

• SIGINT, ECM. AND EW SYSTEMS 

• DIGITAL COMMUNICATIONS 

• DIGITAL OSCILLOSCOPES 



The ADC600 is a two-step subranging ADC sub- 
system containing an ADC, sample/ hold amplifier, 
voltage reference, timing, and error-correction cir- 
cuitry. Laser-trimmed ceramic submodules are moun- 
ted on a 17-square-inch multilayer PC motherboard. 
Logic is ECL. 
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SPECIFICATIONS 

ELECTRICAL 

Ta = +25°C. 10MHz sampling rate, Rs = 50O, ±Vcc 
otherwise noted 



= 15V, Vddi = +5V, Vdoz - -5 2V, and 15-minute warmup in normal convection environment, unless 



PARAMETER 


CONDITIONS 


ADceook 


ADC600B 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


RESOLUTION 








12 






* 


Bits 


INPUTS 1 


ANALOG 


















Input Range 


Full scale 


-125 




+1 25 


* 




* 


V 


Input Impedance 






1 5 






* 




MO 


Input Capacitance 






5 






* • 




pF 


DIGITAL 


















Logic Family 




ECL lOk-Compatible 




* 






Convert Command 




Negative Edge 




♦ 






Pulse Width 




10 


1 


* 






ns 


TRANSFER CHARACTERISTICS | 


ACCURACY 


















Gam Error 


F = 200Hz 




±0 1 


±0 5 




* 




% FSR 


Input Offset 


DC 




±0 1 


±0 5 




* 




%FSR'" 


Integral Linearity Error 


F = 200Hz 






1 25 








LSB 


Differential Linearity Error 


F = 200Hz. 68 3% of all codes 
99 7% of all codes 
100% of all codes 






25 
100 
+1 25 
-100 








LSB 
LSB 
LSB 
LSB 


Missing Codes 








none 










CONVERSION CHARACTERISTICS | 


Sample Rate 




DC 




10M 


* 




* 


Samples/s 


Conversion Time 


First conversion 


115 


150 


160 


* 


* 


* 


ns 


DYNAMIC CHARACTERISTICS | 


Differential Linearity Error 


F = 4 9MHz 68 3% of all codes 
99 7% of all codes 
100% of all codes 






05 
15 
20 






I 


LSB 
LSB 
LSB 


Total Harmonic Distortion'^' 


















F = 4 8MHz (OdB) 


Fs = 10MHz 




-71 






* 


- 


dBC'" 


F = 58MHz (OdB) 






-74 






♦ 




dBC 


F = 2 4MHz (OdB) 


Fs = 5MHz 




-73 






* 




dBC 


F = 58MHz (OdB) 






-74 5 






* 




dBC 


Two-Tone Intermodulation Distortion'^"^' 


















F = 4 88MHz (-6dB) 


Fs = 10MHz 




-70 5 






* 




dBC 


4 65MHz (-6dB) 


















F = 2 40MHz (-6dB) 


Fs = 5MHz 




-74 5 






♦ 




dBC 


2 25MHz (-6dB) 


















Signal-to-Noise and Distortion (SINAD) 


















Ratio 


















F = 4 8MHz (OdB) 


Fs = 10MHz 




66 8 






* 




dB 


F = 58MHz (OdB) 






68 6 






* 




dB 


F = 2 4MHz (OdB) 


Fs = 5MHz 




67 2 






* 




dB 


F = 58MHz (OdB) 






69 






* 




dB 


Aperture Time 






6 






♦ 




ns 


Aperture Jitter 






5 






* 




psRMS 


Analog Input Bandwidth 


















Small Signal 


-20dB input 




70 






* 




MHz 


Full Power 


OdB input 




40 






* 




MHz 


OUTPUTS 1 


Logic Family 






ECL with pull-down to -Vooa (see text) 




Logic Coding 






Offset Binary, Twos Complement 




Logic Levels 


Logic "LO" 
Logic "HI" 




-1 7 
-0 9 










V 
V 


EOC Delay Time 


Data Out to DV 


5 


35 




♦ 






ns 


Tr and Tf 


20% to 80% 




5 










ns 


Data Valid Pulse Width 


50% 


5 


8 




* 






ns 


POWER SUPPLY REQUIREMENTS | 


Supply Voltages +Vcc 


Operating 


+ 14 25 


+15 


+15 75 


♦ 




* 


V 


-Vcc 




-14 25 


-15 


-15 75 


* 




* 


V 


Vddi 




+4 75 


+5 


+5 25 


* 




* 


V 


Vd02 




-4 95 


-5 2 


-5 46 


* 




* 


V 


Supply Currents +Vcc 


Operating 




75 










mA 


-Vcc 






45 










mA 


VdD1 






400 










mA 


VdD2 






900 










mA 


Power Consumption 


Operating 




85 










W 
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

±Vcc = ISV, Vdoi = -t-5V, \/dd2 = -5 2V, Rs = 500, 15-minute warmup, and Ta = Tmin to Tmax, unless otherwise noted 



PARAMETER 


CONDITIONS 


ADC600K 


ADC600B 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


TEMPERATURE RANGE | 


Specification 
Storage 


TcASE max 
Tambient 



-40 




+70 

+100 


-25 




+85 


°C 

°c 


ACCURACY 1 


Gam Error 

Input Offset 

Integral Linearity Error 

Differential Linearity Error 

Sample Rate 


F - 200Hz 

DC 

F 200Hz 

F 200Hz 

63% of all codes 

98% of all codes 

100% of all podes 


DC 


+30 

+50 


1 5 

05 
1 25 
1 5 
10 






* 


ppm/°C 
/yV/°C 
LSB 

LSB 
LSB 
LSB 
MHz 



*Same as ADC600K 

NOTE (1) FSR full-scale range 2 5\/p-p (2) Units with tested and guaranteed distortion specifications are available on special order— inquire 
(3) dBC level referred to carrier (input signal = OdB), F = input signal frequency, Fs = sampling frequency (4) IMD is referred to the larger of the two 
input test signals If referred to the peak envelope signal (~ OdB), the intermodulatton products will be 6dB lower 



MECHANICAL 
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- 4 
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01 
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■ ±0 
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^^ / 


38 1 1 ^2 
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Qt 

' 1 
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© ( 










1 3 475 1 




1 — ' 


1 +1 








1 200 [1 

t 39, 
















3 750 1 
+0 010 1 


[T5501 
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1 ' 


1 1 


♦ r°' 


|1300| 




[+ — 


1 




I- 1 


<3>" t 


T* i 


'1 1 


1 +1 


1 LZ 


^.M 


-^.-^ 


J ED 


1 +1 


-J 
- 1-^-0 210 

c 1 


100—* 


. ^^4^ ^' ^[ 


200 


1 




1 0050 [—J "T 


r 






Typ 


'1 Pin Location 
40 Places 


1 200 1 — » 






^ 1 - "'" 1 "^ 


II 


^ r 






1 225 1 ^ 


39 


or I 


► |O!a|B|0002(M)| 


^ 1 




1 












1 300 1 ^ 

400 »► 


A| 


t 


i/lating Le 


;ad 


Socket Mil 


-M 


ax 031 
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ABSOLUTE MAXIMUM RATINGS 



ORDERING INFORMATION 



+Vcc . 




+16 5V 


Vddi . 




. . .. +7 0V 


VdD2 . . . 




.... . -7 0V 


Analog Input 




+5 0V 


Logic Input 






. . . . VDD2tO+0 5V 


Case Temperature 






100°C 


Junction Temperature 


^' 




150°C 


Storage Temperature 






-40°C to +100°C 


Stresses above these 


ratings may cause 


permanent damage to the 


device 







ADC600 X Q 



Basic Model Number 

Performance Grade Code- 
K --= 0°C to +70°C 
B = -25°Cto+85°C 

Reliability Screening 

Q = Q-Screened 



(1 ) See Table I for thermal resistance data 



Burr-Brown IC Data Book 



9.2-91 



Vol. 33 



PIN ASSIGNMENTS 



1 Common 


21 


Common 


2 -Vcc(-15V) 


22 


Data Valid 


3 Vdd2(-5 2V) 


23 


Bit12(LSB) 


4 Vddi (+5V) 


24 


Bit 11 


5 +Vcc{+15V) 


25 


Bit 10 


6 Common 


26 


Bit 9 


7 Vdd2(-5 2V) 


27 


Bits 


8 Vddi(+5V) 


28 


Bit 7 


9 Common 


29 


Bite 


10 Vdd2(-5 2V) 


30 


Bits 


11 Common 


31 


Bit 4 


12 Common 


32 


Bit 3 


13 +Vcc(+15V) 


33 


Bit 2 


14 -Vcc(-15V) 


34 


Bit 1 (MSB) 


15 Vdd2(-5 2V) 


35 


Bit 1 (MSB) 


16 Vddi (+5V) 


36 


Vdd2 (-5 2V) 


17 Common 


37 


Common 


18 Vdd2(-5 2V) 


38 


Convert Command 


19 Vddi(+5V) 


39 


Analog Input 


20 Vdd2(-5 2V) 


40 


Analog Input Return 



TYPICAL PERFORMANCE 
CURVE 



ANALOG INPUT BANDWIDTH 
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n 
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/in - 1( 


JUm 


y/p 


-p 






^ 
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1 
























1 



06 1 2 6 10 

Frequency (MHz) 



THEORY OF OPERATION 

The ADC600 is a two-step subranging analog-to-digital 
converter. This architecture is shown in Figure 1. The 
major system building blocks are: Sample/ Hold Amp- 
lifier, MSB Flash encoder, DAC and Error Amplifier, 
LSB Flash Encoder, Digital Error Corrector, and Timing 
Circuits. The ADC600 uses individually tested and laser- 
trimmed submodules mounted on a four-layer mother- 
board to integrate this complex circuit into a complete 
analog-to-digital converter subsystem with state-of-the- 
art performance. 

Conceptually, the subranging technique is simple: sample 
and hold the input signal, convert to digital with a coarse 
ADC, convert back to analog with a coarse-resolution 
(but high-accuracy) DAC, subtract this voltage from the 
S/ H output, amplify this "remainder," convert to digital 
with a second coarse ADC, and combine the digital 
output from the first ADC (MSB) with the digital output 
from the second ADC (LSB). In practice, however. 



achieving high conversion speed without sacrificing ac- 
curacy is a difficult task. 

The analog input signal is sampled by a high-speed 
sample/hold amplifier with low distortion, fast acquisi- 
tion time and very low aperture uncertainty (jitter). A 
diode bridge sampling switch is used to achieve an 
acceptable compromise between speed and accuracy. 
The diode bridge switching transients are buffered from 
the analog input by a high input impedance buffer 
amplifier. Since the hold capacitor does not appear in 
the feedback of the diode bridge output buffer the 
capacitor can acquire the signal in 25ns. The low-bias- 
current output buffer is then required to settle to only 
the resolution (7 bits) of the first (MSB) flash encoder in 
25ns while an additional 60ns is allowed for settling to 
the resolution (12 bits) of the second (LSB) flash encoder. 
Sample/ hold droop appears as only an offset error and 
does not affect linearity. 

Both the MSB and the LSB flash encoder (ADC) are 
high-speed 7-bit resolution converters formed by parallel- 
connecting two 6-bit flash ADCs as shown in Figure 2. 
The DAC -flOV reference is also used to generate 
reference voltages for the MSB and LSB encoders to 
compensate drift errors. Buffering and scaling are per- 
formed by Ici and Ic2. Laser-trimming is used to minimize 
voltage offset errors and optimize gain (input full-scale 
range) symmetry. 

The subtraction DAC is an ECL 7-bit resolution DAC 
with 14-bit accuracy. Laser-trimmed thin-film nichrome 
resistors on sapphire and high-speed bipolar circuitry 
allow the DAC output to settle to 14-bit accuracy in only 
25ns. 

A "remainder" or coarse conversion-error voltage is 
generated by resistively subtracting the DAC output 
from the output of the sample/ hold amplifier. Before the 
second (LSB) conversion, the "remainder" is amplified 
by a wideband fast-settling amplifier with a gain of 
32V/ V. To prevent overload on large amplitude tran- 
sients, a high-speed FET switch blanks the amplifier 
input from the beginning of the S/ H acquisition time to 
end of the MSB encoder update time. 
The timing circuits shown in Figure 3 supply all the 
critical timing signals necessary for proper operation of 
the ADC600. Some noncritical timing signals are also 
generated in the digital error correction circuitry. Timing 
signals are laser-trimmed for both pulse width and delay. 
The ECL logic timing delay is stable over a wide range of 
temperatures and power supply voltages. Basic timing is 
derived from the output of a three-stage shift register 
driven by a synchronized 20MHz oscillator. 
The convert command pulse is differentiated by ICi to 
allow triggering by pulses from as narrow as 5ns to as 
wide as 75% duty cycle. This differentiated signal sets 
flip-flop IC2, placing the S/ H back into its sample mode. 

The output of the third stage of the shift register is also 
differentiated by ICg and used to generate a strobe for 
the LSB flash encoder. Ri is laser-trimmed to generate a 
precise 8ns pulse while the oscillator frequency is adjusted 
to trim the strobe pulse delay. IC4 and IC5 comprise the 
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Figure 2. Block Diagram of the 12-Bit 10MHz ADC600. 
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Figure 3. 7-Bit Flash Encoder. 
Burr-Brown IC Data Book 



9.2-93 



Vol. 33 



Convert 
Command 



' 4>o>^£>r 



Sample 

/Hold 

Gate 



^ 



^ 



R 
D Q 






IC8 



D1 

HR1 Qih 



LSB 
strobe 



IC4 



IC5 



rCKKK>OCK3n<<3- 

C2-J- 
20MHz ^ 

Oscillator 



=£>- 



C1 

D2 
'HR2 Q2 
C2 

02 



IC9 



HR3 

C3 03 



3-Stage 

Shift 

Register 



Amplifier 
Enable 



IC6 I<^3 



■^^^^^ 



MSB 
Strobe 



FIGURE 3. Schematic of Timing Module. 



principal elements of a 20MHz ring oscillator. R2 and C2 
add additional delay and allow laser-trimming for the 
LSB delay. A blanking pulse to prevent error amplifier 
overload is generated by the second stage of the shift 
register. Proper timing is generated by laser-trimming R3 
which, along with C3 forms a delay element along with 
two gates of IC6. 

A strobe pulse of the MSB flash encoder is generated 
and trimmed in a similar circuit using IC7. This technique 
generates a variable width S/H gate pulse which is 
determined by the conversion command pulse period 
minus the fixed 67ns ADC conversion time ADC600 
conversion rates are therefore possible above the lOMHz 
specification but S/H acquisition time is sacrificed and 
accuracy is rapidly degraded. 

The output of the MSB encoder is read into a separate 
7-bit latch at the same time the LSB encoder is being 
strobed. The latched MSB data, along with the LSB 
data, is then read into a 14-bit latch 30ns after the leading 
edge of the LSB strobe and before being applied to the 
adder, where the actual error correction takes place. This 
latch eliminates any critical timing problems that would 
result when the converter is operated at the maximum 
conversion rate. 

The function of the digital error correction circuitry 
(Figure 4) is to assemble the 7-bit words from the two 
flash encoders into a 12-bit output word. In addition, the 
circuit uses the LSB flash encoder strobe to generate 
timing strobes for both data registers. A data valid (DV) 
pulse is also generated which is used to indicate when 
output data can be latched into an external register. This 
DV pulse is delayed 5ns after the output data has settled 



to allow a sufficient set-up time for an external ECL data 
latch. 

The 14-bit register output is then sent to a 12-bit adder 
where the final data output word is created. The MSB 
data forms the most significant seven bits of a 12-bit 
word, with the last five bits being assigned zeros. In a 
similar fashion, the LSB data from the least significant 
bits form the other input to the adder with the first five 
bits being assigned zeros. As two 12-bit words are being 
added, the output of the adder could exceed 12 bits in 
range; however, the final data output is only a 12-bit 
word, so a means of detecting an overrange is included. 
To prevent reading erroneous data, the converter data 
output reads all ones for a full-scale positive input or 
overrange and reads all zeros for a negative full-scale 
input or overrange. The data output does not "roll-over" 
if the converter input exceeds its specified full-scale 
range of ± 1.25V. 

DISCUSSION OF 
PERFORMANCE 

DYNAMIC PERFORMANCE TESTING 

The ADC600 is a very high performance converter and 
careful attention to test techniques is necessary to achieve 
accurate results. Spectral analysis by application of a 
Fast Fourier Transform (FFT) to the ADC digitial out- 
put will provide data on all important dynamic perfor- 
mance parameters: total harmonic distortion (THD), 
signal-to-noise raito (SNR) or the more severe signal-to- 
noise-and-distortion ratio (SINAD), total noise and dis- 
tortion (TND), and intermodulation distortion (IMD). 
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FIGURE 4. Block Diagram of Digital Error Corrector. 

A test setup for performing high-speed FFT testing of 
analog-to-digital converters is shown in Figure 5. This 
was used to generate the typical FFT performance 
curves shown on pages 10 through 13. 

To preserve measurement accuracy, a very low side-lobe 
window must be applied to the digital data before 
executing an FFT. A commonly used window such as 
the Hanning window is not appropriate for testing high 
performance converters; a minimum four-sample Black- 
man-Harris window is strongly recommended.*" To 
assure that the majority of codes are exercised in the 
ADC600 (12 bits), a ten-sample average of 512-point FFTs 
is taken. 

Dynamic Performance Definitions 
1. Signal-to-Noise-and-Distortion''' Ratio (SIN AD): 



10 log 



sme wave signal power 



noise + harmonic power 

2. Total Harmonic Distortion (THD): 

10 lop harmonic power (first nine harmonics) 
sinewave signal power 

3. Total Noise Distortion (TND): 

10 log noise power 

sinewave signal power 

4. Intermodulation Distortion (IMD): 



10 log 



IMD product power 
sinewave signal power 



IMD is referenced' * to the larger of the test signals fi or f:. 
Five "bins" either side of peak are used for calculation of 
fundamental and harmonic power. The "0" frequency 
bin (DC) IS not included in these calculations as it is of lit- 
tle importance in dynamic signal processing applications. 
Attention to test set-up details can prevent errors that 



contribute to poor test results. Important points to 
remember when testing high performance converters are: 

1. The ADC analog input must not be overdriven. Using 
a signal amplitude slightly lower than FSR will allow a 
small amount of "headroom" so that noise will not 
overrange the ADC and "hard limit" on signal peaks. 

2. Two-tone tests can produce signal envelopes that 
exceed FSR. Set each test signal to slightly less than 
— 6dB to prevent "hard limiting" on peaks. 

3. Low-pass filtering (or bandpass filtering) of test signal 
generators is absolutely necessary for THD and IMD 
tests. An easily built LC low-pass filter (Figure 6) will 
eliminate harmonics from the test signal generator. 

4. Test signal generators must have exceptional noisel 
performance (better than — 155dBC) to achieve accu- 
rate SNR measurements*"**. Good generators together 
with fifth-order elliptical bandpass filters are recom- 
mended for SNR and SINAD tests. 

5. The analog input of the ADC600 should be terminated 
directly at the input pin sockets with the correct filter 
terminating impedance (50(1 or 750) or it should be 
driven by an OPA600 buffer. Short leads are necessary 
to prevent digital noise pickup. 

6. A low-noise (jitter) clock signal (convert command) 
generator is required for good ADC dynamic perfor- 
mance. A recommended interface circuit is shown in 
Figure 7. Short leads are necessary to preserve fast 
ECL rise times. 

7. Two-tone testing will require isolation between test 
signal generators to prevent IMD generation in the 
test generator output circuits. An active summing 
amplifier using an OPA600 is shown in Figure 8. This 
circuit will provide excellent performance from DC to 
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FIGURE 5. Test Setup for High Speed FFT Testing. 

5 MHz with harmonic and intermodulation distortion 
products typically better than — 70dBC. A passive 
hybrid transformer signal combiner can also be used 
(Figure 9) over a range of about IMHz to 30MHz. 
The port-to-port isolation will be «* 45dB between 
signal generators and the input-output insertion loss 
will be « 6dB. 

8. A very low side-lobe window must be used for FFT 
calculation. A minimum four-sample Blackman-Harris 
window function is recommended.^'^ 

9. Digital data must be latched into an external ECL 
12-bit register only by the Data Valid output pulse. 
Due to the possibility of improper timing, output data 
cannot be latched by using the convert command! 

10. Do not overload the data output logic. These outputs 
are already provided with internal 680n pull-down 
resistors tied to -5.2V. 

11. A well-designed, clean PC board layout will assure 
proper operation and clean spectral response^^'^^^ 
Proper grounding and bypassing, short lead lengths 
and separation of analog and digital signals and 
ground returns are particularly important for high 
frequency circuits. Multilayer PC boards are recom- 
mended for best performance, but a two-sided PC 
board with large, heavy (2oz-foil) ground planes can 
give excellent results, if carefully designed. 
Prototyping "plug-boards" or wire-wrap boards will 
not be satisfactory. 



NOTES. 

1 . On the Use of Windows for Harmonic Analysis with the Discrete Fourier 
Transform, Fredric J Hams Proceedings of the IEEE, Vol 66, No I, 
January 1978, pp 51-83 

2 SIN AD test includes harmonics whereas SNR does not include these important 
spurious products 

3. If IMD is referenced to peak envelope power, an improvement of 6dB 

4. Test Report FFT Characterization of Burr-Brown ADC600K, Signal Con- 
version Ltd., Swansea, Wales, U K 

5 MECL System Design Handbook, 3rd Edition, Motorola Corp 
6. Motorola MECL, Motorola Corp. 
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FIGURE 6. Ninth-Order Harmonic Filter. 
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FIGURE 7. Optional Convert Command Interface Circuit. 
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TYPICAL FFT SPECTRAL PERFORMANCE 

All FFT data 512-polnt FFT, 10-sample average; minimum 4-sample Blacl<man-Harris Window 
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TYPICAL FFT SPECTRAL PERFORMANCE (CONT) 

All FFT data 512-point FFT, 10-sample average, minimum 4-sample Blackman-Harris Window 



Sample Rate = 10MHz, Input Voltage = Half-Scale (-6dB) 
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TYPICAL FFT SPECTRAL PERFORMANCE (CONT) 

All FFT data 512-point FFT, 10-sample average, minimum 4-sample Blackman-Harris Wmdow. 
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Sample Rate = 5MHz, Input Voltage = Full-Scale (OdB) 
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TYPICAL FFT SPECTRAL PERFORMANCE (CONT) 

All FFT data 512-point FFT, 10-sample average, minimum 4-sample Blackman-Harris Window 



Sample Rate = 5MHz, Input Voltage = Half-Scale (-6dB) 
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DIGITIZING INPUT WAVEFORMS 

The response of the ADC600 is illustrated by the digitized 
waveforms of Figure 10. The 4.99MHz sine wave near 
the Nyquist limit is virtually identical to much lower 
frequency sine wave input. The under-sampled 19.999MHz 
sine wave illustrates the ADC600's excellent analog 
input full-power bandwidth. Figure 11 shows a block 
diagram of this high-speed digitizer. 

HISTOGRAM TESTING 

Histogram testing is used to test differential nonlinearity 
of the ADC600. This system block diagram is shown in 
Figure 12 and histogram test results for a typical converter 
are shown in Figure 13. Note that differential nonlinearity 
is 1/2LSB at 200Hz and it shows virtually no degradation 
near the Nyquist limit of 5MHz; there are no missing 
codes present and the peak nonlinearity does not exceed 
1 LSB. Histogram testing is a useful performance indicator 
as the width of all codes can be determined. 



SPECTRUM ANALYZER TESTING 

A beat-frequency technique (Figure 14) can be used to 
view digitized waveforms on an oscilloscope and, with 
care, this technique can also be used for testing high- 
speed ADC dynamic characteristics with an analog 
spectrum analyzer. 

In this method a test signal is digitized by the ADC600 
and the output digital data is latched into an external 
ECL latch by the converter Data Valid output pulse 
driving a divide-by-N counter. The holding register 
drives a 12-bit video-speed DAC which reconstructs the 
digital signal back into an analog replica of the ADC600 
input. This analog signal also includes distortion products 
and noise resulting from the digitization, which can be 
viewed on an ordinary RF spectrum analyzer. Typical 
results are shown in Figures 15 and 16. 
It is important to realize that the distortion and noise 
measured by this technique include not only that from 
the ADC600, but also the entire analog-to-analog test 
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FIGURE 10. Digitized Waveforms (512 points). 
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FIGURE II. High-Speed Digitizer. 
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FIGURE 12. Block Diagram of Histogram Test. 

system. Nonlinearity of the reconstruction circuit must 
be very low to measure a high performance ADC, and 
this places severe requirements on the DAC, deglitcher, 
and buffer amplifiers. 

Using the high-speed video DAC63 in the analog recon- 
struction circuit allows excellent test circuit linearity to 
be achieved. Clocking the DAC (demodulating) at fc/N 
allows a longer settling time and keeps linearity high in 
the digital-to-analog portion of the test circuit. Spectrum 
analyzer dynamic range can be a limiting factor in this 
method and a sharp notch filter can be used to attenuate 
the high-level fundamental frequency. Attenuating the 
fundamental allows the spectrum analyzer to be used on 
a more sensitive range without generating distortion 
products within the input of the analyzer. 



Note that even though the signal is demodulated at a 
frequency of sample rate/N (here N = 2 or 4), the 
distortion products still maintain a correct frequency 
relationship to the fundamental. While this analog tech- 
nique shows excellent performance, it cannot exclude 
some distortion products unavoidably generated within 
the analog reconstruction portion of the test system. For 
this reason, the digital FFT technique is capable of more 
accurate high-speed analog/ digital converter dynamic 
performance measurements. 

TIMING 

The ADC600 generates all necessary timing signals in 
laser-trimmed submodules. Only the timing between 
Convert Command, Output Data, and Data Valid must 
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FIGURE 14. Analog-to-Analog Spectral Analysis by Beat-Frequency Techniques. 



be considered. Proper timing is shown in Figure 17. The 
output data cannot be timed by the conversion clock, 
since the data from the 12-bit adder is not guaranteed 
until the Data Valid pulse is generated. 
Data should be latched into an external 12-bit ECL 
register that can operate reliably with a set-up time of 
5ns minimum (Figure 18). 

Logic conversion to TTL can be accomplished by logic 
level translator ICs (such as 10125 or 10124), but care 
must be exercised, since TTL is very noisy and main- 
taining a clean analog signal can be difficult. To preserve 
the low noise of ECL logic, any conversion to TTL 
should be done on a separate circuit board which is 
driven by differential ECL drivers. 

1 . FAST™ Applications Handbook, 1987. Fairchild Semiconductor Corp. 

2. Fairchild Advanced CMOS Technology, Technology Seminar Notes, 1985. 

3. Impedance Matching Tweaks Advance CMOS IC Testing, Gerald C. Cox, 
Electronic Design, April, 1987 

4. Grounding for Electromagnetic Compatibility, Jerry H Bogar, Design News, 
23 February, 1987. 



THERMAL REQUIREMENTS 

The ADC600 is tested and specified over a temperature 
range of 0°C to +70°C (K grade) and -25°C to +85°C (B 
grade). The converters are tested in a forced-air environ- 
ment with a 10 SCFM air flow. The ADC600 can be 
operated in a normal convection ambient-air environment 
if submodule case temperature does not exceed the upper 
limit of its specification.^'^ 

High junction temperature can be avoided by using 
forced-air cooling, but it is not required at moderate 
ambient temperatures. Worst-case junction temperature 
(^jc) and top-surface submodule (Oca) are presented in 
Table I to aid the designer in determining cooling 
requirements. 



1 Maximizing Heat Transfer from PCBs, Machine Design, March 26, 1987, 
Jeilong Chung 
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FIGURE 16. Analog-to-Analog Two-Tone IMD. 
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TABLE I. Cooling Requirement Factors. 



Submoduie 


Power 
Dissipation 

(W) 


25°C Ambient Air 
Normal Convection 


DIP 

Package 

Type 


e,o (°c/w) 


^CA (°C/W) 


SHC600 
SM10343 
SM10344 
SM10345 
SM10346 
SM10347 


1 5 
1 6 
1 6 

1 6 

2 1 
1 1 


28 7 
175 
106 
175 
86 
173 


23 3 

24 4 
21 3 
21 9 
167 
28 2 
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FIGURE 17. ADC600 Timing Diagram. 



ENVIRONMENTAL SCREENING 

The inherent reHabiHty of a semiconductor device is 
controlled by the design, materials, and fabrication of 
the device — it cannot be improved by testing. However, 
the use of environmental screening can eliminate the 
majority of those units which would fail early in their 
lifetimes (mfant mortality) through the application of 
carefully selected accelerated stress levels. Burr-Brown Q 
models are environmentally-screened versions of our 
standard industrial products, designed to provide en- 
hanced reliability. The screening illustrated in Table II is 
performed to selected methods of MIL-STD-883. Refer- 
ence to these methods provides a convenient way of 
communicating the screening levels and basic procedures 
employed; it does not imply conformance to any other 
military standards or to any methods of MIL-STD-883 



other than those specified. Burr-Brown's detailed pro- 
cedures may vary slightly, model-to-model, from those in 
MIL-STD-883. Table III shows the board-level screening 
flow for ADC600Q. 

TABLE 11. Screening Flow for ADC600Q (active com- 
ponents). 



Screen 


MIL-STD-883, 
Method, 
Condition 


Screening 
Level 


Internal Visual 


Burr-Brown 
QC4118 




Electrical Test 


Burr-Brown 
test procedure 




High Temperature 
Storage 
(Stabilization Bake) 


1008 


24 hour, +125°C 


Temperature Cycling 


1010 


10 cycles. -55°C to -125°C 


Constant Acceleration 


2001, A 


2000 G, Y Axis only 


Burn-In 


1015, D 


160 hour, +85 or +70°C, 
steady-state 


Hermeticity Fine Leak 
Gross Leak 


1014, C 


bubble test only, 
preconditioning omitted 


Final Electrical 


Burr-Brown 
test procedure 




External Visual 


Burr-Brown 
QC5150 





TABLE III. Screening Flow for ADC600Q (board level). 



Screen 


MIL-STD-883, 
Method, 
Condition 


Screening 
Level 


External Visual 


Burr-Brown 
QC Specification 




Electrical Test 


Burr-Brown 
Data Sheet 




Stabhlization Bake 


1008 


' 24 hour, +125°C 


Burn-In 


1015, D 


160 hour, +85°C or 
+70°C steady-state 


Final Electrical 


Burr-Brown 
Data Sheet 




Final External 
Visual 


Burr-Brown 
QC Specification 
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MILITARY 

VERSION 
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ADC601 



ABRIDGED DATASHEET 
REQUEST COMPLETE DATA SHEET 
FROM BURR-BROWN SALES OFFICE 



12-Bit 900ns 
ANALOG-TO-DIGITAL CONVERTER 



FEATURES 



• 12-BIT RESOLUTION 

• ±0.012% LINEARITY ERROR 

• NO MISSING CODES -55X to +125X 
(S GRADE) 

• CONVERSION TIME: 900ns 

• 2-CHIP DESIGN 

• 32-PIN CERAMIC DIP PACKAGE 



DESCRIPTION 

The ADC601 is a high speed Duolithic™ (two inte- 
grated circuits) successive approximation analog-to- 
digital converter. This unique two-chip design utilizes 
a bipolar thin film IC to preserve high speed analog 
accuracy and a high speed CMOS IC to perform digital 
logic control. 



It is complete with internal reference, clock and com- 
parator and is packaged in a 32-pin ceramic DIP. 
Conversion time is set at the factory to 900ns. Serial and 
parallel output performance is guaranteed with no 
missing codes over the full input voltage, power supply, 
and temperature operating temperature range. The gain 
and offset errors n^ay be externally adjusted to zero. 

Intemal scaling resistors are provided for the selection 
of analog signal input ranges of OV to +10V, ±5V and 
±10V. The ADC60rs input is specifically designed to 
be easily driven with minimal disturbance to the driving 
amplifier. 

Output codes are available in complementary binary for 
unipolar inputs and bipolar offset binary for bipolar 
inputs. 

All digital input and outputs are TTL-compatible. Power 
supply requirements are ±15 V and +5V. 
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SPECIFICATIONS 



ELECTRICAL 



Tc = +25°C, 900ns conversion time, iV^c = 15V, +Voo = +5v, and 6-minute warm-up in a normal convection environment unless otherwis 


e noted. 




PARAMETER 


CONDITIONS 


ADC601JG 


ADC601KG/SG 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


RESOLUTION 








12 








Bits 


INPUTS 1 


ANALOG 

Voltage Ranges: Bipolar 
Unipolar 

Impedance: -10VtoOV,±5V 
±10V 


Full Scale 
Full Scale 




±5, ±10 
OtO-10 

1.4 

2.4 










V 
V 
kQ 
kQ 


DIGITAL 

Convert Command 


Logic "0 to 1" starts conversion. Logic "1 to 0" resets logic with minimum ' 


0" of 50ns. 


TRANSFER CHARACTERISTICS | 


ACCURACY 

Gain Error"' 

Offset Error<": Unipolar 

Bipolar 
Linearity Error: 

0.9^is Conversion Time 
Differential Linearity Error: 

0.9|as Conversion Time 


DC 
DC 




±0.08 
±0.07 
±0.02 

±0.024 

±0.024 






±0.04 
±0.05 

±0.012 

* 




% 
% of FSR<2) 
% of FSR 

% of FSR 

% of FSR 


CONVERSION TIME 

Factory Set 






0.9 


1.0 






* 


US 


DRIFT 

Gain 

Offset: Unipolar 
Bipolar 


T^iNtoT^,, 
TminIoT^,^ 
Tv,NtoT„,, 




±15 
±3 
±5 






±10 
±2 
±3 




ppm of FSR/'^C 
ppm of FSR/°C 
ppm of FSR/°C 


OUTPUT 1 


DIGITAL DATA 

Parallel 

Output Codes: Unipolar 
Bipolar 
Status 
Internal Clock: 

Frequency (without external 
clock adjustment) 






CompI 

G 

Logic 

15 


ementary 
ipolar Off 
; "1 " durin 


Straight E 
set Binary 
g Conver 


Binary 
sion 




MHz 


POWER SUPPLY REQUIREMENTS 






1 


Power Consumption 
Rated Voltage: Analog (iV^^) 
Digital (+V,,) 




, 1.5 
±14.25 ±15.0 
+4.75 +5.0 


±15.75 
+5.25 


♦ 


* 


* 


W 

VDC 
VDC 


TEMPERATURE RANGE | 


Specification 


T,,3, JG.KQ 
SG 







+70 


-55 




+125 


°C 



* Same specifications as for ADC601JG 

NOTES: (1) Adjustable to zero. (2) FSR means Full Scale Range. For example, unit connected for±10V has 20V FSR. (3) Conversion time is factory-set to 
approximately 900ns (+25°C). No missing Codes is guaranteed over T^,,^ to T^^^ 
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MECHANICAL 

G Package— 32-Pin Ceramic DIP 




DIM 


INCHES 


MILLIMETERSi 


MIN 


MAX 


MIN 


MAX 


A 


1.678 


1.712 


42.62 


43.48 


B 


1.079 


1.101 


27.41 


27.97 


C 


180 


.210 


4.57 


5.33 


D 


.016 


.020 


0.41 


0.51 


F 


.045 


.055 


1.14 


1.40 


6 


.100 BASIC 


2.54 BASIC 


H 


.089 


.106 


2.26 2.69 


J 


.009 .012 


0.23 0.30 


K 


.2001 .210 


5.081 5.33 


L 


.900 BASIC 


22.86 BASIC 


N 


.0151 .035 


.38 1 .89 



•-Seating Plane 




NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MIVIC 
at seating plane. Pin 
material and plating 
composition conform 
to method 2003 
(solderability of MIL- 
STD-883 (except 
paragraph 3.2). Her- 
meticity Conforms to 
Method 1014, Con- 
dition condition C, 
(fluorocart)on) of 
MIL-STD-883 
(gross leak). 
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PIN CONFIGURATION 



(MSB) Bit 1 © 

Bit 2 © 

Bit 3 © 

Bit 4 © 

Bits © 
Bit 6 

+V DO (+5V) Digital © 

Common (Digital) © 

Serial Out © 

Status @ 

Bit? ® 

Bits @ 

Bit 9 @ 

Bit 10 @ 

Bit 11 @ 

Bit 12 @ 




^ Common (Analog) 

^ NC 

® -Vcc(-15V) Analog 

[29) Bipolar Offset 

§) Common (Analog) 

^ Sense 

Je) Comparator Input 

§) 10V Input 

§) 20V Input 

g) -Vcc(-15V) Analog 

g) +Vcc(+5V) Analog 

^ Common (Digital) 

§) +Vcc (+1 5 V) Analog 

59) Clocl< Rate Control 

jS) Convert Command 

5?) Clock Out 



O 
o 

g 
o 

< 



O 
O 

Q 

< 



ABSOLUTE MAXIMUM RATINGS 



Vcc ±18V 

Voo +7V 

Digital Inputs +5.5V 

Analog Inputs ±15 

Comparator Input -3.7V to +0.7V 

Operating Temperature: Ambient +125*0 

Case +135''C 

Storage Temperature : -65°C to +150''C 
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BURR - BRO^VN 




MILITARY 

VERSION 

AVAILABLE 




ADC603 



ABRIDGED DATA SHEET 

REQUEST COMPLETE DATA SHEET 

FROM BURR-BROWN SALES OFFICE 



12-BIT 10MHz SAMPLING 
ANALOG-TO-DIGITAL CONVERTER 



FEATURES 



• HIGH SPURIOUS-FREE DYNAMIC RANGE 

• SAMPLE RATE: DC to 10MHz 

• HIGH SIGNAL/NOISE RATIO: 68.2dB 

• HIGH SINAD RATIO: 66dB 

• LOW HARMONIC DISTORTION: -.69.6dBC 

• LOW INTERMOD. DISTORTION: -77.7dBC 

• COMPLETE SUBSYSTEM: Contains 
Sample/Hold and Reference 

• 46-PIN DIP PACKAGE 

• 0°C TO +70°C AND -55X TO +125X 



DESCRIPTION 

The ADC603 is an high performance analog-to-digital 
converter capable of digitizing signals at any rate from 
DC to 10 megasamples per second. Outstanding spuri- 
ous-free dynamic range has been achieved by minimiz- 
ing noise and distortion. Complete static and dynamic 
test results are furnished with each KH and SH grade 
unit at no additional cost. 



APPLICATIONS 

• DIGITAL SIGNAL PROCESSING 

• RADAR SIGNAL ANALYSIS 

• TRANSIENT SIGNAL RECORDING 

• FFT SPECTRUM ANALYSIS 

• HIGH-SPEED DATA ACQUISITION 

• IR IMAGING SYSTEMS 

• DIGITAL RECEIVERS 

• SIGINT, ESM, AND EW SYSTEMS 

• DIGITAL OSCILLOSCOPES 



The ADC603 is a two-step subranging ADC sub-sys- 
tem containing an ADC, sample/hold amplifier, voltage 
reference, timing, and error-correction circuitry in a 
46-pin hybrid DIP package. Logic is TTL. Two tem- 
perature ranges are available: ""C to +70°C (JH, KH) 
and -55X to +125°C (RH, SH). A fully militarized 
version (ADC603SH/883B) is available from Burr- 
Brown's Military Products Division. 



Signal _ 
Input ~ 



Sample/ 
Hold 



MSB 

Flash 

Encoder 



Digital-to 

Analog 

Converter 




LSB 

Flash 

Encoder 



Digital 

Error 

Corrector 

(Adder) 



^ Digital 
"Output 



{nternational Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 
Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • 



• Street Address: 6730 S. Tucson Blvd. 
Telex: 66-6491 • FAX: (602) 889-1510 



Tucson, AZ 85706 
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SPECIFICATIONS 



ELECTRICAL 



Tc= +25°C. 10MHz sampling rate. Rs= 50C1, ±y^^= ±15V, Wo^, = +5V, -W^^^ 


= -5.2V, and 15-minute warmup in convection environment, unless otherwise noted. 


PARAMETER 


CONDITIONS 


ADC603JH/RH 


ADC603KH/SH 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


RESOLUTION 








12 






12 


BITS 


INPUTS 1 


ANALOG 


















input Range 


Full scale 


-1.25 




+1.25 


* 






V 


Input impedance 






1.5 






* 




MQ 








5 






* 




PF 


DIGITAL 


















Logic Family 






TTL Compatible 






Convert Command 


Start Conversion 




Positive Edge 






Pulse Width 


t = Conversion Period 


10 


1 t-20 1 • 


1 * 


ns 


TRANSFER CHARACTERISTICS | 


ACCURACY 


















Gain Error 


f = 200Hz 




±0.2 


±2 




±0.1 


±1 


%FSR(^) 


Input Offset 


DC 




±0.2 


±2 




* 


±0.75 


%FSR 


Integral Linearity Error 


f= 200Hz 




0.75 






0.5 


1 


LSB 


Differential Linearity Error 


f = 200Hz: 68.3% of all codes 




0.3 






0.25 


0.5 


LSB 




99.7% of all codes 




0.4 






0.3 


0.65 


LSB 




100% of all codes 




0.5 






0.4 


0.75 


LSB 


Missing Codes 






none 




none 




Power Supply Rejection 


A+Vcc = ±10% 




±0.03 






* 


±0.07 


%FSR/% 




A-V,c=±10% 




±0.04 






* 


±0.07 


%FSR/% 




A+V,„,= ±10% 




±0.004 






* 


±0.03 


%FSR/% 




A-V,,2=±10% 




±0.01 






* 


±0.03 


%FSR/% 


CONVERSION CHARACTERISTICS | 


Sample Rate 




DC 


1 10M 1 DC 


10M 


Samples/s 


Pipeline Delay 


Logic Selectable 




1 , 2 or 3 Convert Command Periods 




DYNAMIC CHARACTERISTICS | 


Differential Linearity Error 


f - 4.9MHz: 68.3% of all codes 




0.3 






♦ 


0.5 


LSB 




99.7% of all codes 




0.75 






0.5 


1.0 


LSB 




100% of all codes 




1.0 






0.6 


1.25 


LSB 


Total Harmonic Distortion^) 


















f = 5.00MHz (-0.5dB) 


fs = 9.99MHz 




-68 






-69.6 


-64 


dBC^' 


f:i= 100kHz 






-70 






-72.1 


-66 


dBC 


Two-Tone Intermodulation Distortion'^iw 


















f= 2.20MHz (-6.5dB) 


f3 = 8.006MHz 




-75 






-77.7 


-71 


dBC 


f = 2.50MHz (-6.5dB) 


















Signal-to-Noise and Distortion 


















(SINAD) Ratio 


















f= 5.00MHz (-0.5dB) 


fg = 9.99MHz 




65 




62 


66.0 




dB 


f= 100kHz (-0.5dB) 






67 




64 


68.5 




dB 


Signal-to-Noise Ratio (SNR) 


















f= 5.00MHz (-0.5dB) 


fg = 9.99MHz 




67 




64 


68.2 




dB 


f= 100kHz (-0.5dB) 






68 




66 


70.1 




dB 


Aperture Time 






5 






* 


9 


ns 


Aperture Jitter 






9 






* 


20 


psRMS 


Analog Input Bandwidth (-3dB) 


















Small Signal 


-20dB input 




70 




50 


* 




MHz 


Full Power 


OdB input 




40 




30 


* 




MHz 


Overload Recovery Time 


2x Full-Scale input 




80 






* 


140 


ns 


OUTPUTS 1 


Logic Family 






TTL Compatible 






Logic Coding 


Logic Selectable 


Twc 


)'s Complement or Inverted Two 


's Complement 




Logic Levels 


Logic "LO" Iq, = -3.2mA 





+0.3 


+0.8 





+0.3 


+0.5 


V 




Logic "HI" lo„ = 160nA 


+2.4 


+3.5 


+5.0 


+2.4 


+3.5 


+5.0 


V 


EOC Delay Time 


Data Out to DV 


5 


35 




5 


35 




ns 


Tri-State Enable/Disable Time 


\o^ = -6.4mA, 50% In to 50% Out 




37 


100 




37 


100 


ns 


Data Valid Pulse Width 




20 


45 


60 


20 


45 


60 


ns 


POWER SUPPLY REQUIREMENTS | 


Supply Voltages: +Vce 


Operating 


+14.25 


+15 


+15.75 


+14.25 


+15 


+15.75 


V 


-Vcc 




-14.25 


-15 


-15.75 


-14.25 


-15 


-15.75 


V 


+Voo, 




+4.75 


+5 


+5.25 


+4.75 


+5 


+5.25 


V 


-VdD2 




-4.95 


-5.2 


-5.46 


-4.95 


-5.2 


-5.46 


V 


Supply Currents: +1^^ 


Operating 




+60 






+60 


+80 


mA 


-Ice 






-60 






-60 


-80 


mA 


+Idd, 






+280 






+280 


+330 


mA 


-'dD2 






-565 






-565 


-630 


mA 


Power Consumption 


Operating 




6.1 






6.1 




W 



UJ 

H 
CE 
LU 

> 
Z 

o 
o 

< 

0. 

(/) 

Q 
CO 

z 
g 

< 



o 
o 

g 
a 

< 



CO 

o 

O 
O 

< 



' Same as ADC603JH/RH. 
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SPECIFICATIONS 

ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

±Vpg= ±15V, +Vpo, = +5V, -Vdd2= -5.2V, Rs= 50^, 15-minute warmup, and T^ = T^,^ to T^^^' ""'ess otherwise noted. 



PARAMETER 


CONDITIONS 


ADC603JH/RH 


ADC603KH/SH 


UNITS 


MIN 1 TYP 


MAX 


MIN 


TYP 


MAX 


TEMPERATURE RANGE | 


Specification 


T,,3gmax JH.KH 







+70 


* 






°C 




RH.SH 


-55 




+125 








'C 


TRANSFER CHARACTERISTICS | 


ACCURACY 


















Gain Error 


f = 200Hz 




±0.4 


±2 




* 


±1.5 


%FSR 


Input Offset 


DC 




±0.4 


±2 






±1 


%FSR 


Integral Linear Error 


f = 200Hz 




0.75 






0.6 


1.25 


LSB 


Differential Linearity Error 


f = 200Hz: 68.3% of all codes 




0.4 






0.3 


0.6 


LSB 




99.7% Of ail codes 




0.5 






0.4 


0.75 


LSB 




100% of all codes 




0.75 






0.6 


1 


LSB 


Missing Codes 






none 






* 






Power Supply Rejection 


A+Vcc = ±10% 




±0.04 






* 


±0.08 


%FSR/% 




A-Vcc=±10% 




±0.05 






* 


±0.08 


%FSR/% 




A +VoD,= ±10% 




±0.004 






• 


±0.05 


%FSR/% 




A-V,,,= ±10% 




±0.02 






* 


±0.05 


%FSR/% 


CONVERSION CHARACTERISTICS | 


Sample Rate 


DC 


10M 


DC 


. 


10M 


Samples/s | 


DYNAMIC CHARACTERISTICS | 


Differential Linearity Error 


f = 4.9MHz: 68.3% of all codes 
99.7% of all codes 




0.5 

1 






0.4 
0.6 


0.75 
1.25 


LSB 
LSB 




100% of all codes 




1.25 






0.7 


1.5 


LSB 


Total Harmonic Distortion'^' 


















f = 5.00MHz (-O.SdB) 


fg = 9.99MHz 




-67 






-68.8 


-62 


dBC 


f= 100kHz 






-69 






-69.5 


-64 


dBC 


Two-Tone Intermodulation Distortion 


















f = 2.20MHz (-6.5dB) 


fg = 8.006MHz 




-72 






-74.4 


-68 


dBC 


2.500MHz (-6.5dB) 


















Signal-to-Noise and Distortion 


















(SINAD) Ratio 


















f = 5.00MHz (-O.SdB) 


fg = 9.99MHz 




65 




60 


65.4 




dB 


f= 100kHz (-0.5dB) 






66 




62 


66.5 




dB 


Signai-to-Noise Ratio (SNR) 


















f = 5.00MHz (-0.5dB) 


fg = 9.99MHz 




67 




62 


68.0 




dB 


f= 100kHz (-0.5dB) 






68 




64 


69.5 




dB 


Aperture Delay Time 






6 






* 


10 


ns 


Aperture Jitter 






10 






* 


20 


psRMS 


Analog Input Bandwidth (-3dB) 


















Small Signal 


-20dB input 




70 




50 


* 




MHz 


Full Power 


OdB input 




40 




30 


* 




MHz 


Overload Recovery Time 


2x Full-Scale input 




80 






* 




ns 


OUTPUTS 


Logic Levels 


Logic "LO", 1^^ = -6.4mA 





+0.3 


+0.8 


* 




+0.5 


V 




Logic "Hr,lo„ = 160mA 


+2.4 


+3.5 


+5.0 


* 




* 


V 


EOC Delay Time 


Data Out to DV 


5 


35 




* 






ns 


Tn-State Enable/Disable Time 


Iql = -6.4mA, 50% In to 50% Out 




42 


100 






* 


ns 


Data Valid Pulse Width 




20 


45 


60 


* 




* 


ns 


POWER SUPPLY REQUIREMENTS 


Supply Currents: +1^.^ 


Operating 




+65 








+80 


mA 


-'cc 






-61 








-80 


mA 


+I001 






+285 








+333 


mA 


~'oD2 






-570 








-630 


mA 


Power Consumption 


Operating 




6.1 










W 



• Same as ADC603JH/RH. 

NOTES: (1)FSR: Full-Scale Range = 2.5Vp-p. (2) Units with tested and guaranteed distortion specifications are available on speciaf order— inquire. (3) dBC = level 
refered to carrier-input signal = OdB); F = input frequency; Fg = sampling frequency. (4) IMD is referred to the larger of the two input test signals. If referred to the 
peak envelope signal (=OdB), the intermodulation products will be 6dB lower. 
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MECHANICAL 



H Package — Metal and Ceramic 

A - 



46 




1 \ 23 

^ Pin 1 designator marked on bottom. 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


2370 


2.420 


60.20 


61.47 


B 


1.560 


1.610 


39.62 


40.89 


C 


.200 


.260 


5.08 


6.60 


D 


.018DIABASIC 


0.46 DIA BASIC 


F 


.100 BASIC 


2.54 BASIC 


H 


.075 


.115 


1.91 


2.92 


K 


.150 


.190 


3.81 


4.83 


L 


1.300 BASIC 


33.02 BASIC 1 


M 


— 


10° 


— 


lO** 


N 


.040 


.060 


1.02 


1.52 




NOTE: Leads in tme 
position within 0.01" 
(0.25mm) R at ly/IMC 
at seating plane. Pin 
material and plating 
composition conform 
to method 2003 
(solderability of MIL- 
STD-883 (except 
paragraph 3.2) 
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uu 
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Q 

0. 
0) 

Q 
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PIN ASSIGNMENTS 



ORDERING INFORMATION 



1 


Common (Case) 


46 


Common (Analog) 


2 


DNC 


45 


Analog Signal In 


3 


+V,,,(+5V) Analog 


44 


+Vcc(+15V) Analog 


4 


S/H Out 


43 


-Vcc(-15V) Analog 


5 


A/DIn 


42 


-V,„3 (-5.2V) Analog 


6 


-V,„,(-5.2V) Analog 


41 


DNC 


7 


DNC 


40 


DNC 


8 


DNC 


39 


DNC 


9 


Bit 1(MSB) 


38 


DNC 


10 


Bit 2 


37 


Gain Adjust 


11 


Bit 3 


36 


Offset Adjust 


12 


Bit 4 


35 


Common (Analog) 


13 


Bit 5 


34 


+Vcc(+15V) Analog 


14 


Bit 6 


33 


-V,,(-15V) Analog 


15 


Bit 7 


32 


Common (Analog) 


16 


Bit 8 


31 


-V,,3(-5.2V) Digital 


17 


Bit 9 


30 


Woo, (+5V) Analog 


18 


Bit 10 


29 


1 Pipeline Delay In 


19 


Bit 11 


28 


Pipeline Delay In 


20 


Bit 12 (LSB) 


27 


Output Logic Invert In 


21 


+V„,, (+5V) Digital 


26 


Common (Digital) 


22 


Data Valid Output 


25 


Tri-State Enable In 


23 


Common (Digital) 


24 


Convert Command In 



Basic Model Number - 



ADC603 



( ) H /MIL 



Perfonnance Grade Code- 



J 



J, K: 0°C to +70°C Case Temperature 

R, S: -55''C to +125°C Case Temperature 
Pacl<age Code 

H: Metal and Ceramic 
Reliability Screening 

/MIL: High Reliability 



S 

o 
o 

o 

Q 



ABSOLUTE MAXIMUM RATINGS 



±V„ ±16.SV 

+V.0, +7.0V 

±V„„ -7.0V 

Analog Input ±5.0V 

Logic Input -0.5V to +Voo, 

Case Temperature +125°C 

Junction Temperature +165°C 

Storage Temperature -65°C to +165°C 

Stresses above these ratings may pemianently damage the device. 



CO 

o 

CD 

o 

Q 

< 
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Screening Flow for ADC603/MIL. 



Pipeline Delay Selection Logic. 



Screen 


MIL-STD-883, 
Method, 
Condition 


Screening 
Level 


internal Visual 


2017 




Electrical Test 


Burr-Brown 
test procedure 




High Temperature 
Storage 
(Stabilization Bake) 


1008 


24 hour, +125°C 


Temperature Cycling 


1010 


10 cycles, -55°C to -125°C 


Constant Acceleration 
Burn-In 

Hermeticity: Fine Leak 
Gross Leak 


2001. A 
1015, D 

1014, C 


2000G; Y Axis only 

160 hour, +125°C, 
steady-state 

bubble test only, 
preconditioning omitted 


Final Electrical 


Burr-Brown 
test procedure 




External Visual 


2009 





Pin Number 


Data Latched by 
Convert Command 


Data Latched by 
Data Valid Strobe 


N-3 


N-2 


N-1 


28 

29 


HI 
HI 


LO 
HI 


HI 
LO 



Digital Data Logic Coding. 



Input 
Voltage 


Digital Data Output Logic Coding 


Binary Two's 

Complement (BTC) 

Pin 27 = LO 


Inverted Binary Two's 

Complement (BTC) 

Pin 27 = HI 


+FS (+1.25V) 
+FS -1 LSB 
+3/4 FS 
+1/2 FS 


011111111111 
011111111110 
000111111111 
001111111111 


100000000000 
100000000001 
111000000000 
110000000000 


+1 LSB 
Bipolar Zero 
-1 LSB 


000000000000 

111111111111 

111111111110 


111111111111 

000000000000 
000000000001 


-1/2 FS 
-3/4 FS 
-FS - 1 LSB 
-FS(~1.25V) 


101111111111 
100111111111 
100000000001 
100000000000 


010000000000 
011000000000 
011111111110 
011111111111 




MSB LSB 


MSB LSB 



Convert 



T/H 
Command 



Signal 
Input 




-^> 



-<F 



<> 



TRACK/HOLD 




'M^ 



T/H 
Output 



Timing 



Encoder 
Strobe 



DAC 
Latch 



LA 



7-Bit -A 
Reg V 



7-Bit 






^ 



Data 
Valid 




Error 
Amp 




A/D CONVERTER 



Offset 
Adjust 



Gain 
Adjust 



ADC603 BLOCK DIAGRAM— A Two-step Subranging Architecture. 
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20 40 

+ + + + + 



nanoseconds (ns) 



80 100 120 140 160 180 200 220 240 260 

+ + + + + + + + + + + + + + + + + + + 



Convert 
Command 



Data Output 
Pin 28 = HI 
Pin 29 = HI 



Data Output 
Pin 28 = LO 
Pin 29 = HI 



Internal 

Sample/Hold 

Command 



a 






\ i\ ; ^' ;\ i\ 


^- -■>-->-- 7 - - 


- - -\ r- 


— >- -^-- >--•;--;*• -- 


Start Conversion : 


; ; ; : ; Start Conversion ; 
;;;:;; Nti ; ; 


; : ; ; ; Start Conversion ; : : : 
:;;;;; Njh2 ;::; : 


XM-i. 


Y Data Invalid Y: : N-2 


U ^^-^H XM ^H ^ 








X:., 


;Y: data invalfcl :Y; ; N^1 


^ M XM H ^ 


Delay 

►; 


= ^ns ; 

-^1 — ^ 














i : 




Hold i : 


i Trabk : 




Hold i ; 


iTra^k 1 


; I liloldi ; 

















TIMING DIAGRAM— Convert Command Strobe Timing. 



20 40 



nanoseconds (ns) 

80 100 120 140 160 180 200 220 240 260 

+ + + + + + + + +'+ + + + + + + + + + 



Convert 
Command 



Start Co;nver?ion : 



: Start Conversion : 
Nil 



: Start Conversion : 
Ni^2 



Data Valid 
Strobe 
Output 



Data Output 

Pin 28 = HI Invalid 

Pin 29 = LO 



lid : Y ; ; NJ-1 i i Y : Invalid ; Y i N ; Y : In\^lid ; Y ; 



Ni-1 



Delay = 0ns 



Internal 
Sample/Hold 
Command 



; Track 



; Hol?i 



I Traqk 



TIMING DIAGRAM— Data Valid Strobe Timing. 
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-5.2V -15V+15V +5V 



Signal ^^-s 
In \Qr 



1 pF Tantalum 



I 

— ^ 



X" 



r 



27 



31 642 43 33 



(hAA±|j_. 



, 0.1mF 



ADC603 



CC DV 



74F174 
D3 Q3 



161 



X 



- MSB 



■ 0.1MF 



TTL Data 
Output 



74F174 
D3 Q3 



37 



INTERFACE CIRCUIT— Digital Output Strobed by Data Valid Pulse. Supply Connection Shown: Power Supplies and Grounds 
Shared by Analog and Digital Pins. 



-5.2V -15V+15V +5V 



Signal ^^ 

In (Sr 



IpF Tantalum 

(All) ^.,j. 



i 

— ^ 

1 d 



_r 



J— a 






.O.IpF 



ADC603 



CO DV 



LSB 



74F174 
D3 Q3 



I +5V J_ 



- MSB 



.O-lpF 



TTL Data 
Output 



74F174 
D3 Q3 



X 



INTERFACE CIRCUIT— Digital Output Strobed by Convert Command Pulse. Supply Connection Shown: Power Supplies and 
Grounds Shared by Analog and Digital Pirn 
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IpF Tantalum 
(all) 



t 



-5.2V +5V 
Analog Analog 



+15V 
Analog 



-15V 
Analog 



'"rh t"^h t"^"^ 
Hhi •►^ht Hf4 

;ol V 134 144 V 133 143 V 



ADC603 



V^ 



21 



vvv 



O O ^ = Analog Ground Plane 

—5 2V +5V I 

Digital Digital ▼ = Digital Ground Plane 



POWER SUPPLY CONNECTIONS. 

Supply Connection Shown: Separate Analog and Digital 

Power Supplies and Ground Planes. 



Com-5.2V 



Analog Power Supplies 
yv 



i_L 



PSG B-i- 
BNX002 
CG +CB| 



+5V Com +15VCom -15V Com 

i_L ±-L JL_t 



B+ PSG 
BNX002 
+CB CG 



IpF Tantalum ^"^ 
(all) i^\-^ 
V 



B4 PSG 
BNX002 
+CB CG 




B+ PSG 
BNX002 
+CB CG 



,H-Mlpl f-f^M t-^f^> 




43_ V 



ADC603 



_ — ^u=^ — i_i ^ _ ^paiQg Ground Plane 
Com-S.av +5V Com ^ = Digital Ground Plane 

Digital Power Supplies 



POWER SUPPLY CONNECTIONS. 
Supply Connection Shown: Separate Analog and Digital 
Power Supplies and Ground Planes with Noise Filtering. 
(Recommended Circuit) 



46-Pin Package 




Lead sockets for 
18-mil diameter pins 



"Heat Sink" 



"Heat Sink" conducts heat 
from bottom of package 
into copper ground plane 




1.150"-, 



0.120" Dia and CSK 82" 

0.235" +0.005" -0.000 Dia" (2 Places) 



NOTES: 

(1) MatI: 6061 -T6 Alum. 

(2) Finish: Nickel Plate. 

(3) Deburr and break all 
sharp edges. 



HEAT SINK— Transfers Heat from the DIP Package into a Copper Ground Plane. 
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BURR - BRaWt4 




ADC701 
SHC702 



ABRIDGED DATA SHEET 
REQUEST COMPLETE DATA SHEET 
FROM BURR-BROWN SALES OFFICE 



16-Bit 500kHz 
SAMPLING A/D CONVERTER SYSTEM 



FEATURES 

• CONVERSION RATE: DC TO SOOkHz 

• NO MISSING CODES AT 16 BITS 

• SPURIOUS-FREE DYNAMIC RANGE: 107dB 

• LOW NONLINEARITY: ±0.0015% 

• SELECTABLE INPUT RANGES: ±5V, ±10V, 
to +10V, to +5V, -10V to 

• LOW POWER DISSIPATION: 2.8W typical 
Including Sample/Hold 

• METAL AND CERAMIC DIP PACKAGES 

DESCRIPTION 

The ADC701 is a very high speed 16-bit analog-to- 
digital converter based on a three-step subranging archi- 
tecture. Outstanding dynamic performance is achieved 
with the SHC702 companion Sample/Hold amplifier. 
Both devices use hybrid construction for applications 
where reliability, small size, and low power consump- 
tion are especially important. 



APPLICATIONS 

• MEDICAL IMAGING 

• SONAR 

• PROFESSIONAL AUDIO RECORDING 

• AUTOMATIC TEST EQUIPMENT 

• HIGH PERFORMANCE FFT SPECTRUM 
ANALYSIS 

• ULTRASOUND SIGNAL PROCESSING 

• HIGH SPEED DATA ACQUISITION 

• REPLACES DISCRETE MODULAR ADCs 



Excellent linearity and stability are assured through use 
of a new ultra-precise monolithic D/A converter and a 
low-drift reference circuit. Custom monolithic op amps 
provide very high bandwidth and low noise in all 
sections of the analog signal path. Logic is CMOS/TTL 
compatible and is designed for maximum flexibility. 



Analog 
Input 

Buffer 
Output 

Buffer 
Input 



1kQ 



1ka 



-0- 



^ 



■t1> 



Switch 
Drive 



SHC702 



Sample/Hold Command 



Input 
Scaling 
Network 




PGA 



DAC 

zn 



V 



Flash 
Encoder 



Timing and 
Control Logic 



10V 
Ref 



Data 
Output 



O Convert Command 
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SPECIFICATIONS 

ELECTRICAL (ADC701 ONLY) 



T^= +25<'C. 500kHz sampling rate. ±\J^^ = 


±15V, tVpo, = ±5V, +VoDj = +5V, and five minute warmup in a convection environment, unless othenwise noted. 


PARAMETER 


CONDITIONS 


ADC701JH 


ADC701KH 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


RESOLUTION 








16 






* 


Bits 


INPUTS 1 


ANALOG 






1 1 








Voltage Ranges 


Unipolar 




to +5.0 to +10, -10 too 




V 




Bipolar 




±5, ±10 






V 


Resistance 


to +5V Range 


2.45 


2.5 


2.55 


* 




* 


kii 




to +10V, -10 to 0, ±5V Ranges 


4.9 


5.0 


5.1 


* 


* 


* 


k£2 




±10V Range 


9.8 


10.0 


10.2 


* 


• 


* 


ka 


Input Capacitance 


All Ranges 




5 






* 




PF 


DIGITAL 


















Logic Family 






TTL-Compatible CMOS 






Convert Command 


Start Conversion 




Rising Edge 








Pulse Width 


t = Conversion Period 


50 


1 t-50 1 






ns 


TRANSFER CHARACTERISTICS | 


ACCURACY 


















Gain En-or<'> 


to +10V Range 




±0.03 


±0.1 








% 




±10V Range 




±0.03 


±0.1 








% 


Power Supply Sensitivity of Gain 


All Ranges, All Supplies 




±0.005 


±0.1 








%/V 


Input Offset Error<'> 


to +10V Range 




±1 


±3 








mV 




±10V Range 




±5 


±10 








mV 


Power Supply Sensitivity of Offset 


All Ranges, All Supplies 




±0.006 


±0.1 








%FSRA/ 


Integral Linearity Error<2> 






±0.002 


±0.003 




±0.0015 




%FSR<'' 


Differential Linearity Error<2) 






±0.0006 


±0.0012 




* 




%FSR 


No Missing Codes 




Guaranteed 


Guaranteed 




Noise 


RSOURCE^SOQ 




0.5 1 




• 




LSB RMS 


CONVERSION CHARACTERISTICS | 


Sample Rate 


Unadjusted 


DC 




500 


* 




* 


kHz 


Conversion Time<*> 


Unadjusted 




1.45 


1.5 




* 


* 


\is 


OUTPUTS 1 


DIGITAL 






1 1 








Logic Family 






TTL-Compatible CMO 


S 






Data Coding 


Unipolar Ranges 
Bipolar Ranges 




Straight Binary 
Offset Binary 








Logic "0" Levels (V^J 


lo,<3.2mA 




0.1 


0.4 




* 


* 


V 


Logic "1" Levels (V^J 


Ioh^SOmA 


4.0 


4.9 




• 


* 




V 


Data Valid Setup Time Before Strobe 


Both Edges 


75 


125 




* 






ns 


INTERNAL REFERENCE 


















Voltage 


Rloao^SKQ 


+9.995 


+10.000 


+10.005 


* 


* 


* 


V 


Current Available to External Loads 




2 


5 




* 


* 




mA 


POWER SUPPLY REQUIREMENTS | 


Supply Voltages: +Vcc 


Operating 


+14.25 


+15 


+15.75 








V 


-Vcc 




-14.25 


-15 


-15.75 








V 


+Vdo, 




+4.75 


+5 


+5.25 








V 


-VoD1 




-4.25 


-5 


-6.0 








V 


+VoDa 




+4.25 


+5 


+5.25 








V 


Supply Currents: +1^^ 


Operating 




25 


30 








mA 


-"cc 






33 


45 








mA 


+>DD1 






45 


55 








mA 


->oo, 






37 


50 








mA 


+'dD2 






133 


150 








mA 


Power Dissipation 


Nominal Voltages 




1.95 


2.3 








W 


PERFORMANCE OVER TEMPERATURE | 


Specification Temperature Range 


T^ min to T^ max 


+15 




+55 







+70 


°C 


Gain Error 


All Ranges 




±10 


±15 




• 


* 


ppm/'C 


Input Offset En-or 


All Unipolar Ranges 




±1 


±5 




* 


* 


ppm FSR/°C 




All Bipolar Ranges 




±1 


±5 




* 


* 


ppm FSR/*C 


Integral Linearity Error*^' 






±0.2 






* 


±0.5 


ppm/°C 


Differential Linearity Error<2> 






±0.05 






* 


±0.3 


ppm/»C 


No Missing Codes 






Typical 


< 


Suaranteec 


J 




Reference Output Drift 






±3 






* 




ppm/^C 


Drift of Conversion Time 


Unadjusted 




+3 


+4 




* 


* 


ns/'^C 


Sample Rate 


With Clock Adjustment 


DC 




500 


* 




* 


kHz 



* Same specifications as ADC701JH. 
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SPECIFICATIONS 

ELECTRICAL (SHC702 ONLY) 

T^s •f25<'C, 500kHz sampling rate, ±\/cc » ±15V, -fVoo, » 4-5V, and five minute warmup in a convection environment, unless otiienwise noted. 



PARAMETER 


CONDITIONS 


SHC702JM 


UNITS 


MIN 


TYP 


MAX 


INPUTS (Without Input Buffer) | 


ANALOG 












Voltage Range 




±10.25 


±11 




V 


Resistance 




0.98 


1.00 


1.02 


kQ 


Capacitance 






3 




PF 


DIGITAL 












logio Family 






LSTTL 






Input Loading 






2 




LSTTL Loads 


TRANSFER CHARACTERISTICS | 


ACCURACY 












Gain 


R,n.,RrP = 0« 




-1 




V/V 


Gain En'or 


RsOURCE = 0" 




±0.02 


±0.1 


% 


Linearity Error 


Sample Mode 




±0.0003 




%FSR 


Offset Error 


Sample Mode 




±0.5 


±3 


mV 


Charge Offset (Pedestal) Error 


Sample/Hold Mode, Rgoy^cE ^ 50O 




±0.5 


±5 


mV 


Droop Rate 


Hold Mode 




±0.2 


±2 


^iV/ns 


Dynamic Nonlinearity 


Sample/Hold Mode 




±0.0005 




%FSR 


Power Supply Sensitivity 


Offset Plus Charge Offset, All Supplies 




±0.003 




%FSR/V 


DYNAMIC CHARACTERISTICS | 


Acquisition Time 


10Vstepto±150nV 




600 




ns 




6Vstepto±l50nV 




500 




ns 


Sample-to-Hold Settling Time<« 


totlSOjiV 




120 




ns 


Aperture Delay Time 






20 




ns 


Aperture Uncertainty (Jitter) 






10 


25 


psRMS 


Slew Rate 






150 




V/ns 


Small Signal Bandwidth 


V^ = ±1V 




3.1 




MHz 


Full-Power Bandwidth 


v,N=±iov 




2 




MHz 


Feedthrough Rejection 


Hold Mode, 10Vp-p Square Wave Input 




0.001 




% 


OUTPUT 1 


Voltage Range 


R^^o^lkQ 


±10.25 


±11 




V 


Output current 




±40 






mA 


Short Circuit Protection 


Rload»0« 




Indefinite 






Output Impedance 


DC 




0.01 


0.1 


ft 


INPUT BUFFER CHARACTERISTICS | 


INPUT 












Impedance 






10"||3 




QllpF 


Bias Current 


V^ = ±10V 




±2 


±15 


pA 


Offset Voltage 


RsOURCE^IOk" 




±0.3 


±1.5 


mV 


Voltage Range 




±10.25 


±11 




V 


DYNAMIC CHARACTERISTICS 












Slew Rate 




20 


35 




V/HS 


Full-Power Bandwidth 


V,^ = ±10V 




570 




kHz 


Settling Time 


10Vstepto±150^V 




1.7 




^ls 


OUTPUT 












Output Current 




±15 


±20 




mA 


Short Circuit Protection 


Ru)Ao»OQ 




Indefinite 






POWER SUPPLY REQUIREMENTS | 


Voltage: +\/^^ 


Operating 


+13.5 


+15 


+16.5 


V 


-Vcc 




-13.5 


-15 


-16.5 


V 


+Voo, 




+4.75 


+5 


+5.25 


V 


Current: +1^,; 


Operating 




33 


40 


mA 


-'cc 






18 


25 


mA 


+Ido, 






5 


10 


mA 


Power Dissipation 


Nominal Voltages 




790 


950 


mW 


PERFORMANCE OVER TEMPERATURE 




T^ min to T^ max 


-25 




+85 


OC 


Sample/Hold Gain Error 


RsouRce'O" 




±1 


±5 


ppm/«C 


Sample/Hold Offset Error 


RsouRCE^SOQ 




±10 


±30 


^V/»C 


Sample/Hold Charge Offset Error 


R.o.,RrP>50a 




±10 


±80 , 


\iWC 


Droop Rate 








±50 


hV/hs 


Buffer Offset Error 


RsouRCE^IOkQ 




±3 


±15 


hv/c 



NOTES: (1 ) Adjustable to zero. Tested and guaranteed for to +1 OV and ±1 OV ranges only. (2) Peak-to-peak based on 99.9% of all codes. (3) FSR means full- 
scale range and depends on the input range selected. (4) ADC conversion time is defined as the time that the Sample/Hold must remain in the Hold mode, i.e. the 
duration of the Sample/Hold command. This time must be added to the Sample/Hold acqusition time to obtain the total system fliroughput time. (5) Given for reference 
only — this time overlaps with the ADC701 conversion time and does not affect system throughput rate. 
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SPECIFICATIONS 



ELECTRICAL (COMBINED ADC701/SHC702) 

T^>> -«-25*>C. 500kHz sampling rate, ±Vcq» ±1 5V, ±Voo,a ±5V, +V00,- -i-SV, and five minute wamfiup In a convection environment, ±5V Input range unless othenwise noted. 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Sample Rate 


Unadjusted 


DC 




500 


kHz 


Dynamic Nonlinearlty 






±0.002 




%FSR 


Total Harmonic Distortion (THD) 


f„- 20kHz (-0.3dB) 




0.00068 




% 




i^ " 199kHz (-0.2dB) 




0.0078 




% 


Spurious-Free Dynamic Range (SFDR) 


f^-20kHz(-0.3dB) 




107.1 




dB 




f^- 199kHz H2dB) 




93.8 




dB 


Two-Tone Intermodulation Distortion (IMD) 


f, - 195kHz (-6.5dB). f, « 200kHz (-6.5dB) 




-61.4 




dBC 




f, = 195kHz (-12.5dB), f, = 200kHz H2.5dB) 




-86.2 




dBC 


Slgnai-to-Noise-Ratio (SNR) 


f^»5kHzH.5dB) 




93 




dB 


Total Power Dissipation 


Operating 




2.8 


3.25 


W 



MECHANICAL (ADC701) 



(0 

tc 

UJ 

H 
DC 
Ul 

> 

z 
o 
o 

< 

Q 

Q. 
(/) 

a 

(0 



< 
o 



o 
o 

g 

Q 









40 


21 














B 


A 







DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


2.075 


2.115 


52.71 


53.72 


B 


1.080 


1.100 


27.43 


27.94 


C 


.145 


.175 


3.68 


4.45 


D 


.018 TYP 


0.46 TYP 


F 


.040 TYP 


1.02 TYP 


G 


.100 TYP 


2.54 TYP 


H 


.093 1 .103 


2.36 I 2.62 


J 


.020 BASIC 


0.51 BASIC 


K 


.205 BASIC 


5.21 BASIC 


L 


.900 BASIC 


22.86 BASIC 


N 


.015 1 .035 


0.38 1 0.89 



1 


- Pin 1 ind 


entifier 


1 


h-F 


l-H 


4oU 


tmtwi 


-Se 


^ K 
ating Plane 






NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numtjers may not 
be marked on 
package. 



PIN ASSIGNMENTS (ADC701) 


1 


Bit 1/9 (Bit 1 » MSB) 


40 


-V0D1 (-5V) Digital 


2 


Bit 2/10 


39 


Common (Analog) 


3 


Bit 3/11 


38 


+V00, (+5V) Analog 


4 


Bit 4/12 


37 


Reference (Gain) Adjust 


5 


Bit 5/13 


36 


+10V Reference Output 


6 


Bit 6/14 


35 


Common (Reference) 


7 


Bit 7/15 


34 


DNC 


8 


Bit 8/16 


33 


Common (Analog) 


9 


DNG'*' 


32 


+10V Reference lnput«2) 


10 


+V„„3(+5V) Digital 


31 


Input D<^> 


11 


Common (Digital) 


30 


Input C<'> 


12 


Data Strobe 


29 


Common (Signal) 


13 


High/Low Byte Select 


28 


Input B<^» 


14 


Convert Comhiand 


27 


Input A <" 


15 


Sample/Hold Control' 


26 


-Vcc(-15V) Analog 


16 


Common (Digital) 


25 


Common (Power) 


17 


Common (Digital) 


24 


+Vcc(+l5V) Analog 


18 


Clock Adjust 


23 


DNC 


19 


Common (Digital) 


22 


Offset Adjust 


20 


+Voo2(+5V) Digital 


21 


Offset Adjust 



ADC701 INPUT CONNECTION TABLE 



NOTES: (1) Refer to Input Connection Table. (2) Reference Input Is normally 
connected to Reference Output, unless an external 10V reference is used. (3) 
Sample/Hold Control goes high to activate Hold mode. (4) DNC » Do Not 
Connect. 



INPUT RANGE: 


CONNECT V,„ TO 


CONNECT REF IN TO 


Oto+iov 

±10V 

±5V 
-10V too 
to +5V 


Input A and Input D 

Input A 
Input A and Input B 
Input A and Input B 
Input B and Input C 


Input D 

Input D 

Input C and Input D 



ABSOLUTE MAXIMUM RATINGS (ADC701) 



±V^ ±18V 

±Voo,.+V,,, ±7V.+7V 

Analog Input ±V^ 

Logic Input -0.5V to {+^^02+ 0-3V) 

Logic Output ±25mA 

Case Temperature +150''C 

Junction Temperature , +165''C 

Storage Temperature -65°C to +165°C 

Power Dissipation 3W 

Stresses above these ratings may permanently damage the device. 
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MECHANICAL (SHC702) 



M Package— Metal 




- Denotes pin 1 



K-f H H I*- G H h 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1.365 


1.385 


34.67 


35.18 


B 


.79 


.810 


20.07 


20.57 


C 


.170 


.25 


4.32 


6.35 


D 


.016 .021 


.41 .53 


G 


.100 BASIC 


2.54 BASIC 


H 


.125 


.150 


3.18 


3.81 


K 


.150 


.300 


3.81 


7.62 


L 


.600 BASIC 


15.24 BASIC 


R 


.080 1 .110 


2.03 2.79 



r 1 



NOTE: Leads In true position 
within 0.01 " (0.25mm) R at 
MMC at seating plane. Pin 
material and plating composi- 
tion conform to method 2003 
(solderability of MIL-STD-883 
(except paragraph 3.2) 



f 








nT 


O 




" °12 




¥<, o o 




, o""! 



PIN ASSIGNMENTS (SHC702) 


1 Sample/Hold Output 


24 


+V«,(+15V) Analog 


2 NC<3) 


23 


Common (Power) 


3 NC 


22 


-Vee (-15V) Analog 


4 NC 


21 


Common (Analog) 


5 NC 


20 


NC 


6 NC 


19 


NC 


7 NC 


18 


NC 


8 NC 


17 


Buffer Amp Inpuff^' 


9 +V,„(+5V) Analog 


16 


NC 


10 Common (Digital) 


15 


Common (Signal) 


11 Hoidlnput('» 


14 


Buffer Amp Output 


12 Hold Input") 


13 


Analog Input 



ABSOLUTE MAXIMUM RATINGS (SHC702) 



NOTES: (1 ) Hold mode is activated only when pin 1 2 is low and pin 1 1 is high. 
For normal use with ADC701, pin 12 is grounded and pin 1 1 is connected to 
ADC701 Sample/Hold control (ADC701 pin 15). (2) If the buffer amp is not used, 
pin 17 should be grounded. (3) NC = No Internal Connection. 



±V„ ±18V 

+Voo +7V 

Analog and Buffer Inputs ±V^ 

Outputs Indefinite Short to Common 

Logic Inputs -0.5V to (+7^0, + 0.3V) 

Case Temperature +150*0 

Junction Temperature +1 SS^C 

Storage Temperature -65°C to +165°C 

Power Dissipation 1 .5W 

Stresses above these ratings may permanently damage the device. 



SYSTEM TIMING DIAGRAM 



Start Conversion 
"N" 



Start Conversion 
"N+1" 



ADC701 

(Convert Command) 

(CC) 



•J 



-CP- 



. CC to Hold delay 18ns typ 



Hold Command 
to SHC702 



Data Outputs for 
Pin 13 = Low 



Data Outputs for 
Pin 13 = High 



Data Strobe Output 



. Hold Mode 
1.45pstyp 






- Sample Mode - 



Low Byte, 
Data N-1 



-rf/- 



High Byte, 
Data N-1 



--1.65|jstyp ■ 

-ff 



Notes: (1) Setup Time 75ns min (2) Hold Time 25ns min 



r 



X High Byte. V 
DataN /\ 



Low Byte, 
DataN 



X Low Byte. W 
Data N A 



High Byte. 
DataN 



-^: (2) 



(1) 



J75ns_ 
~ typ " 



Burr-Brown IC Data Book 



9.2-122 



Vol. 33 



ADC701 DIGITAL I/O 

Refer to the system timing diagram (page 5). The conver- 
sion process is initiated by a rising edge on the Convert Com- 
mand input. This will irhmediately bring the Sample/Hold 
Command output to a logic high state (HOLD mode). 

After the ADC701 conversion is completed (approximately 
1.5|is after the Convert Command edge), the Sample/Hold 
Command falls to a low state, enabling the sample/hold to 
begin acquisition of the next input sample. However, the 
ADC701 internal clock continues to run so that the output 
data may be processed. 

There are two methods of reading data from the ADC: 
1) Strobed Output — This will usually be the easiest and 
fastest method. The data are presented sequentially as high 
and low bytes of the total 16 bit word. The sequence HIGH- 
LOW or LOW-HIGH is controlled by the state of the High/ 



Low Byte Select input (Pin 13). The first byte is valid on 
the rising edge of the Data Strobe output; the second byte is 
valid on the falling edge. 

2) Polled Output — ^With this method the user waits until the 
Data Strobe output falls, and then manually selects high and 
low output data by means of the High/Low Byte Select input 
(Pin 13). This polling procedure may be carried out during 
the subsequent ADC conversion cycle, but two precautions 
must be observed: First, the user should avoid switching the 
High/Low Byte Select immediately before or after the next 
Convert Command. This will prevent digital switching noise 
from coupling into the system at the instant of analog 
sampling. Second, the polling sequence must be completed 
before the ADC begins to strobe out data from the subse- 
quent conversion. 



TYPICAL DYNAMIC PERFORMANCE (ADC701/SHC702y^> 
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3rd Harmonic -90.5 dB 6th Hamionic -106.8 dB 



(0 

oc 

UJ 

I- 

Ul 

> 
z 
o 
o 

< 

o 

o. 
(/) 
o 

w 

z 
g 

o 

z 

s 
o 
o 

o" 

Q 

< 




100k 150k 

Frequency (Hz) 

Input Frequency 199.005126953 kHz 

Fundamental -0.7 dB 4th Harmonic -i 1 1 5 dB 

2nd Harmonic -81.4 dB 5th Harmonic -97.0 dB 

3rd Harmonic -89.4 dB 6th Harmonic -112.5 dB 
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Frequency (Hz) 



Frequency 1 

Frequency 2 

f, -6.8 dB 

fj -6.4 dB 

1>f, + fj -87.7 dB 

2> f , - f, -88.8 dB 



194.976806641 kHz 
199.981689453 kHz 
3> f, + 2f2 -96.0 dB 

4> 2f, + f^ -96.8 dB 

5>f,-2f2 -104.9 dB 

6> 2f,-f, -109.0 dB 
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NOTE: (1) Sampling Rate = 500.0000000000 kHz. 16,384 point FFT, non-windowed. Noise floor limited by synthesized generators. 
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ADC803 



High-Speed 
ANALOG-TO-DIGITAL CONVERTER 



FEATURES 

• 12-BIT RESOLUTION 

• +0.012% LINEARITY ERROR MAXIMUM (C GRADE) 

• NO MISSING CODES -55°C to +125°C |S GRADE) 

• HIGH SINAD RATIO: 72(iB 

• LOW HARMONIC DISTORTION: -73dB 

• CONVERSION TIME: 500ns. 8 bits 

670ns. 10 bits 
1.5/iS. 12 bits 

DESCRIPTION 

The ADC803 is a high speed successive approxima- 
tion analog-to-digital converter utilizing state-of- 
the-art IC and laser-trimmed thin film components. 



It is complete with internal reference, clock, and 

comparator and is packaged in a 32-pin metal 

package. Conversion time is set at the factory to 

1.5ms. 

With user-adjusted conversion time set at Ijjls, 

±1LSB accuracy can be achieved. The gain and 

offset errors may be externally trimmed to zero. 

Internal scaling resistors are provided for the selec- 
tion of analog signal input ranges of OV to -lOV, ±5V, 
and±10V. 

Output codes available are complementary binary 
for unipolar inputs and bipolar offset binary for 
bipolar inputs. 

All digital inputs and outputs are TTL-compatible. 
Power supply requirements are ±15V and +5V. 



PARALLEL 

DIGITAL 

OUTPUT 



12-BIT 

SUCCESSIVE APPROX. 

REGISTER (SAR) 



^ 



V 



O CONVERT COMMAND 
rVA ol 



mVA- 



INPUT 
RANGE SELECT 



-O COMPARATOR IN 



A/ W-i 



-Q O BIPOLAR OFFSET 



-I CLOCK r 



-O CLOCK RATE CONTROL 
-O CLOCK OUT 



-O STATUS 
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Burr-Brown IC Data Book 



9.2-124 



Vol. 33 



SPECIFICATIONS 



ELECTRICAL 

At +25°C, rated power supplies, 1 5/js conversion time, and after 6-minute warm-up unless otherwise noted. 



MODEL 


ADC803CM 


ADC803BM 


ADC803SM 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


RESOLUTION 






12 






12 






12 


Bits 


INPUTS ^ 


ANALOG 






















Voltage Ranges Bipolar 




±5, ±10 






* 






* 




V 


Unipolar 




Oto-10 






* 






* 




V 


Impedance -lOVtoOV, +5V 




1 4 






* 






* 




kfi 


±10V 




24 






* 






* 




kQ 


DIGITAL 






















Convert Command 




Negat 


ve pulse 50ns wide (mm) trailing edge (0 to 1) initiates con\^rsion 






Logic Loading 






4 1 1 1*1 1 * 




TTL Loads 


TRANSFER CHARACTERISTICS | 


ACCURACY 






















Gam Error'^' 




±0 04 


±0 1 




±0 08 


±0 2 




+0 04 


+0 1 


% 


Offset Error"' Unipolar 




±0 05 


±0.2 




±0 07 


±0 3 




* 


* 


% of FSR'^' 


Bipolar 




±0 02 


±0 1 




* 


±0 2 




* 


♦ 


% of FSR 


Linearity Error 






















1 5/iS Conversion Time 




±0 009 


±0 012 






±0 020 




±0 012 


±0 015 


% of FSR 


1 Ofis Conversion Time 




±0 015 


±0 020 




±0 020 










% of FSR 


Differential Linearity Error 






















1 5//S Conversion Time 




±0 012 


±0 015 






±0 020 




* 


* 


% of FSR 


1 0/js Conversion Time 






±0 024 




±0 024 






* 




% of FSR 


Inherent Quantization Error 




1/2 






* 






* 




LSB 


POWER SUPPLY SENSITIVITY 






















Gam and Offset +15VDC 




±0 0036 












* 




% of FSR/%Vcc 


-15VDC 




±0 0005 












* 




% of FSR/%Vcc 


+5VDC 




±0 001 












* 




% of FSR/%Vdd 


Conversion Time +15VDC 




±0 7 












* 




%/%Vcc 


-15VDC 




None 












* 




%/%Vcc 


+5VDC 




±0 8 












* 




%/%Vdd 


CONVERSION TIME 






















Factory Set 


1 3 




1 5 


* 




* 


* 




* 


fJS 


Range of Adjustments 


08 




22 


* 




* 


* 




* 


fJS 


DRIFT 






















Gam 




±10 


±30 




±15 


* 




* 


* 


ppm of FSR/°C 


Offset Unipolar 




±2 


±7 




±3 


* 




* 


* 


ppm of FSR/°C 


Bipolar 




±3 


±10 




±5 


* 




* 


* 


ppm of FSR/°C 


Linearity Error 






















-25°C to +85°C 






















1 5/us Conversion Time 




±0 012 


±0 018 






±0 024 






* 


% of FSR 


1 0//S Conversion Time 




±0 015 






±0 020 








* 


% of FSR 


-55°C to +125°C 






















1 7fjs Conversion Time, 






















max "" 
















±015 


±024 


% of FSR 


Differential Linearity Error 






















-25°C to +85°C 






















1 5/us ConversioruTime 




±0 012 


±0 018 






±0 024 








% of FSR 


1 0/L/s Conversion Time 




±0 015 






±0 024 










% of FSR 


-55°C to +125°C 






















1 7fjs Conversion Time, 






















max'^' 
















±015 


±024 


% of FSR 


Conversion Time 




±0 1 






* 






* 




% of FSR 


No Missing Code Temp Range 






















1 5yus Conversion Time 


-25 




+85 


* 




* 








°C 


1 7//S Conversion Time, 






















max"" 














-55 




+125 


°C 



ADC803 dynamic performance characteristics are described in a report titled "Analogue-to-Digital Converter Performance Tests Using the Fast Fourier Transform" by 
R A Belcher, University College of Swansea, Wales, U K (available from Burr-Brown on letterhead request) 
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ELECTRICAL (CONT) 



MODEL 


ADC803CM 


ADC803BM 


ADC803SM 


UNITS 


MIN I TYP I MAX 


MIN 1 TYP 


MAX 


MIN 


TYP 


MAX 


OUTPUT 1 


DIGITAL DATA 


















Parallel 


















Output Codes Unipolar 


Complementary Straight Binary 




* 






* 






Bipolar 


Bipolar Offset Binary 




* 






* 






Output Drive 


6 1 1 


* 






* 






TTL Loads 


Status 


Logic "1" during Conversion 




* 












Status Output Drive 


6 






* 






* 






TTL Loads 


Internal Clock 






















Clock Output Drive 


3 






* 












TTL Loads 


Frequency (vi/ithout external 






















clock adjustment) 




8 






* 






* 




MHz 


POWER SUPPLY REQUIREMENTS | 


Power Consumption 






















Rated Voltage Analog (±Vcc) 


±14 25 


±150 


±15 75 


* 






* 






VDC 


Digital (Vdd) 


+4 75 


+5 


+5 25 


* 






* 






VDC 


Supply Dram +15\/ 




+27 


+32 














mA 


-15V 




-38 


-55 














mA 


+5V 




+180 


+210 














mA 


TEMPERATURE RANGE (AMBIENT) | 


Specification 


-25 




+85 


* 




* 


-55 




+125 


°C 


Storage 


-55 




+125 






* 


* 




* 


°C 



* Same specification as for ADC803CM 

NOTES (1) Adjustable to zero See Optional Gam and Offset Adjustment section (2) FSR means Full Scale Range For example, unit connected for ±10V has 20V 
FSR (3) See Optional Clock Rate Control section For faster conversion time at less resolution, see section on External Short Cycle (4) Conversion time is 
factory-set at approximately 1 4//s at +25°C As temperature increases, the conversion time increases At +125°C the conversion time will be no more than 1 7//s No 
Missing Codes is guaranteed over — 55°C to +125°C provided the conversion time is allowed to increase with temperature 



CONNECTION DIAGRAM 



(MSB) BIT 1 Q 
BIT 2 
BIT 3 (3 
BIT 4 ^ 
BITS (?) 
BIT 6 
+5VDC (Vqq) supply ^ 
DIGITAL COMMON ^ 

* (i 
STATUS (jo)|— I 
BIT 7 (n) 
BITS (12) 
BIT 9 
BIT 10 (3 
BIT 11 (2 
BIT 12 @ 



REFERENCE 




\y 



12-BIT SAR 



COMPARATOR^ 



^ ANALOG COMMON 
2) +15VDC SUPPLY l+Vcc) 
[30) -15VDC SUPPLY l-Vcc) 
m) BIPOLAR offset 
@ ANALOG COMMON 
^ SENSE 
[26) COMPARATOR IN 



UdlJ irt^' 

flWToSSi ' ~ ^ S) CI 



CLOCK 



•^g) lOV 
g) 20V 

^''^ © -15V0C SUPPLY (Vccl 
g) +5VDC SUPPLY IVqo) 
^ DIGITAL COMMON 
g) H5VDC SUPPLY I+Vgcj 
CLOCK RATE CONTROL 
CONVERT COMMAND 
2) CLOCK OUT 



^Serial data is not guaranteed 



ABSOLUTE MAXIMUM RATINGiS 



ORDERING INFORMATION 



Analog Supply Voltage To Analog Common 
Digital Supply Voltage To Digital Common . 

Digital Controls Inputs 

Analog Inputs 

Operating Temperature Ambient 

Case 

Storage Temperature 



.. ±18V 
.. +7V 
. . +5 5V 
. ±15V 
.+125°C 
+135°C 
+125°C 



Basic Model Number 

Performance Grade Code — 
B, C = -25°C to +85°C 
S = -55°C to +125°C 



Package Code 

M = Metal DIP 

Reliability Screenmg- 
- Q-Screened 



AOC803 

1 



Burr-Brown IC Data Book 



9.2-126 



Vol. 33 



MECHANICAL 





* 


A . 


B 


•». 



_-*|p-H 



E 



-Denotes pin 1 




PINS Pin material and plating composition 
conform to method 2003 (solderabihty) o* 
MIL-STD-883 (except paragraph 3 2) 
CASE Kovar, Nickel plated 
HERMETICITY Gross Leak Test 
MATING CONNECTOR 2302MC Set of 
two 16-pin strips 
WEIGHT 13 grams (0 46 oz) 



KizLiiiiiiiiiinmi 

f G — J U — D 



I D 



Pin numbers shown for reference only 
Numbers may not be marked on package 

Pin 1 can be identified from bottom of unit 

by either a contrasting color of glass seal 

or a square corner Case is tied to Digital 

Common 

NOTE Leads in true position within 10" 

(0 25mm) R at MMC at seating plane Pm 8 

connected to case 



DIM 


INCHES 


MILLIMETERS ] 


MIN 


MAX 


MIN 


MAX 


A 


1 720 


1 760 


43 69 


44 70 


B 


1 120 


1 160 


28 45 


29 46 


C 


170 


250 


4 32 


6 35 


D 


016 


021 


041 


53 


G 


100 BASIC 


2 54 BASIC 1 


H 


100 


140 


2 54 


3 56 


K 


150 


300 


3 81 


7 62 


L 


900 BASIC 


22 86 BASIC 


R 


100 1 140 


2 54 1 3 56 
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THEORY OF OPERATION 

The accuracy of a successive approximation analog-to- 
digital converter is described by the transfer function 
shown in Figure 1. All successive approximation A/ D 
converters have an inherent Quantization Error of 
±1/2LSB. The remaining errors in the A/D converter 
are combinations of analog errors due to the linear 
circuitry matching and tracking properties of the ladder 
and scaling networks, power supply rejection, reference 
errors and the dynamic errors of the DAC and compar- 
ator. In summary, these errors consist of initial errors 
mcludmg Gain, Offset, Linearity, Differential Linearity, 
and Power Supply Sensitivity. Initial Gain and Offset 
errors may be adjusted to zero. Gain drift over temper- 
ature rotates the transfer function (Figure 1) about the 
zero point and Offset drift shifts the transfer function 
left or right over the operating temperature range. 
Linearity error is not adjustable but it is the most 
meaningful indicator of A/D converter accuracy. 
Linearity error is the deviation of an actual bit transition 
from the best fit straight line transfer function of the 
A/D converter. A Differential Linearity error of 




ALL BITS ON — — i 



-FSR \ ANALOG INPUT ' 
-J ^E,hOFF 

*SEE TABLE I FOR DIGITAL CODE DEFINITIONS. 



1LSB 



FIGURE 1. Input versus Output for an Ideal Bipolar 
A/ D Converter. 



+ 1/2LSB means that the width of each bit step over the 
range of the A/D converter is ILSB, +1/2LSB. The 
ADC803 is guaranteed to have no missing codes over the 
specified temperature range. 

TIMING CONSIDERATIONS 

The timing diagram (Figure 2) shows the relationship 
between the convert command, clock and outputs. The 
digital output word is positive true logic for bipolar 
operation and complementary logic for unipolar oper- 
ation. 

The following are some important notes on the ADC803 
timing. The times given are typical unless otherwise 
noted. Nominal maximum and minimum times are also 
given in Figure 2. 

1 . When power is first applied, the status of the ADC803 
will be undetermined. A CONVERT COMMAND 
must be applied to initialize the ADC803. 

2. The CONVERT COMMAND must be low at least 
SOnsec prior to the "0" to "1" edge that starts a 
conversion. 

3. The clock runs continuously when the initial CON- 
VERT COMMAND goes high and whenever the 
CONVERT COMMAND is high thereafter. It does 
not run when CONVERT COMMAND is low. It 
may be beneficial to keep CONVERT COMMAND 
low except during conversions to limit the digital 
noise induced in the ground and power supply lines. 

4. The clock starts 25ns after the "0" to "1" transition 
of the CONVERT COMMAND. 

5. Parallel Output Data: The Successive Approximation 
Register (SAR) is reset 26ns after the leading edge of 
the first clock period in the conversion cycle. The 
MSB is set to logic "0" and all other bits are set to 
logic "1". The bits are determined in succession 
starting with the MSB, Bit 1, as shown in Figure 2. 
Each bit will be valid 26ns after its corresponding 
clock pulse. 

The falling edge of the STATUS signal should not be 
used to strobe parallel data out of the ADC803 
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CONVERT 
COMMAND 



TATus — ::"'|j K — 



STATUS 
BIT1 



BIT 2 

BIT 3 ; 

BIT4 \ 

BIT 10: 
BIT 
BIT 121 



feo-4 




Time 
Period 


Min* 
(ns) 


Max* 
(ns) 


tec 


50 


- 


tcD 


15 


40 


tcp" 


100 


125 


tew 


17 


25 


tso 


10 


38 


tR 


10 


38 


teo 


10 


38 


tES 


10 


38 



*Nominal 

••Without external adjustment 



FIGURE 2. ADC803 Timing Diagram. 

directly. The table in Figure 2 indicates that the fal- 
ling edge of STATUS may occur prior to bit 12 data 
becoming valid. 

6. STATUS goes high 26ns after the leading edge of 
the first clock pulse and goes low 18ns after the leading 
edge of the last clock pulse. 

7. Bit 12 will become valid at about the same time 
STATUS goes low and a new conversion can be 
initiated at anytime after the output data has been 
read. 

8. The converter may be restarted during a conversion. 
When CONVERT COMMAND makes a "0" to "1" 
transition after the minimum set-up time, the SAR 
will be reset and a new conversion will start regardless 
of the state of the converter prior to the CONVERT 
COMMAND being received. 



Figures 3, 4, and 5 are photographs of the actual pulse 
shapes and relationships. 




FIGURE 3. Photo of (a) Convert Command, (b) Clock, 
and (c) Status (200ns/ div). 




FIGURE 4. Photo of (a) Convert Command, (b) Clock 
(50ns/ div). 




FIGURE 5. Photo of (a) Bit-12 Data (Parallel), 
(b) Clock, and (c) Status (20ns/ div). 
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DIGITAL CODES 
Parallel Data 

Two binary codes are available on the ADC803 parallel 
output; they are complementary straight binary (Logic 
"0" true) for unipolar input signal ranges and bipolar 
offset binary (Logic "1" true) for bipolar input signal 
ranges. Binary two's complement may be obtained for 
bipolar input ranges by inverting the MSB. It should be 
noted that for unipolar input railges -1 volts is full scale. 

Table I shows the LSB, transition values, and code 
definitions for each possible analog signal range. 

TABLE L Input Voltages, Transition Values, LSB 
Values, and Code Definitions. 



Differential Linearity errors for the ADC803 are shown 
in Figure 6. 



Analog Input 








Voltage Range 


±10V 


±5V 


to -10V 


Code 


BOBd) 


BOB 




Designation 


or BTC(2) 


orBTC 


CSB(3) 


One Least 








Significant 


4 88nnV 


2 44mV 


2 44mV 


Bit ( LSB 1 








Transition Values 








MSB LSB(4) 








000... 000-*^. 
000... 001-*^ 


-10V + 1/2LSB 


-5V + 1/2LSB 


-10V + 3/2LSB 


Oil. ..111-^ 
100... 000-^ 


-1/2LSB 


-1/2LSB 


-5V + 1/2LSB 








111...110'^ 
111. .111-*^ 


+10V - 3/2LSB 


+5V - 3/2LSB 


-1/2LSB 



NOTES 1 BOB = Bipolar Offset Binary 

2 BTC = Binary Two's Complement (obtained by inverting the 
most significant bit (pin 1 ) 

3 CSB = Complementary Straight Binary 

4 Voltagesgiven are the nominal value forthe transition from the 
next lower code 

Serial Data (NRZ) 

ADC803 serial data operation is not guaranteed. To 
operate in serial output mode a pin-for-pin replacement 
ADC806 is recommended. 

DISCUSSION OF 
SPECIFICATIONS 

The ADC803 is specified to meet critical performance 
criteria for a wide variety of applications. The most 
critical specifications for an A/ D converter are Linearity, 
Drift, Gain and Offset errors, and Conversion speed 
effects on accuracy. This ADC is factory-trimmed and 
tested for all critical key specifications. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory-trimmed to 
typically ±0.05% of FSR at 25°C. These errors may be 
trimmed to zero by connecting external trim potenti- 
ometers as shown in Figures 10, 11, and 12. 

ACCURACY VERSUS CONVERSION TIME 

In successive approximation A/ D converters, the con- 
version time affects Linearity and Differential Linearity 
errors. Conversion time and its effect on Linearity and 




FIGURE 6. Linearity and Differential Linearity Error 
versus Conversion Time. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supply voltages will affect 
accuracy. Normally, regulated power supplies with 1% or 
less ripple are recommended for use with this ADC. See 
Layout Precautions, Power Supply Decoupling, and 
Figure 7. 



-I-15VDC 



:imF 



ANALOG COMMON 



T-1mF 



-15VDC 



+5V0C 



21 — A— 



DIGITAL COMMON 



FIGURE 7. Recommended Power Supply Decoupling. 

LINEARITY ERROR 

Linearity error is not adjustable by the user. Linearity is 
the deviation of an actual bit transition from the best fit 
straight line value at any level over the range of the A/ D 
converter. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity describes the step size between 
transition values. A Differential Linearity error of 
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± 1 / 2LSB indicates that the size of any step may not vary 
from ILSB by more than ±1/2LSB. 

ENVIRONMENTAL SCREENING 

Q screening is now available for all models of the 
ADC803 family. The Q-screened versions have the same 
specifications as the unscreened versions listed in the 
Specifications table. 

Q Screening 

Burr-Brown Q-screened models are environmentally- 
screened versions of our standard industrial products, 
designed to provide enhanced reliability. The screening, 
tabulated below, is performed to selected methods of 
MIL-STD-883. Reference to these methods provides a 
convenient method of communicating the screening lev- 
els and basic procedures employed; it does not imply 
conformance to any other military standards or to any 
methods of MIL-STD-883 other than those listed below. 
Burr-Brown's detailed procedures may vary slightly from 
those of MIL-STD-883. 



SCREENING FLOW FOR ADC803Q 


Screen 


Method 
Burr-Brown or 
MIL-STD-883 


Condition 


Internal Visual 


Burr-Brown QC4118 




High Temperature Storage 
(Stabilization Bake) 


1008 


B 
(150°C, 24hr) 


Temperature 
Cycling 


1010 


B (lOcy. 
-55°C to +125°C) 


Constant Acceleration 


2001 


(2000G, Y1 axis) 


Burn-in 
ADC803BMQ, CMQ 
ADC803SMQ 


1015 


D 
(160 hrs, +85°C) 
(160 hrs, +125°C) 


Electrical Test 


Burr-Brown 
Test Specification 




Hermeticity 
Fine Leak 

Gross Leak 


1014 
1014 


A1 or A2 (Helium, 

5 X 10"'cc/s ) 

C 


Final Electrical 


Burr-Brown 
Test Specification 




External Visual 


Burr-Brown QC5150 





commons are not connected together internally in the 
ADC803, but should be connected together externally to 
a ground plane. 

Connecting all commons to a ground plane at the 
ADC803 is the best method to minimize noise and 
dissipate heat. Pm 8 (Digital Common) is internally 
connected to the case. 

The ADC803 also has an analog common Sense input 
(pin 27) for the analog input. This sense pin must be 
connected to analog common as close to the input signal 
source as possible or connected to the ground plane. Low 
impedance analog and digital common returns are essen- 
tial for low noise performance. Coupling between analog 
inputs and digital lines should be minimized by careful 
layout. Special attention should be taken to ensure that 
the clock noise on the +5V supply line does not couple 
into the analog inputs. 

The Comparator input (pin 26) is extremely sensitive to 
noise. Any connection to this point should be as short as 
possible and shielded by analog common or ± 15V DC 
supply patterns. The Clock Output (pin 17) is sensitive to 
stray capacitance; capacitance on this pin could alter the 
clock wave shape. 

POWER SUPPLY DECOUPLING 

Thepower supplies should be bypassed with I/uF tantalum 
capacitors as shown in Figure 8 to obtain noise-free 
operation. These capacitors should be located close to the 
ADC. 



±10V INPUT 

24 

±5V.0T0-10V 
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LX^OMPARATOR 

•^^ Tn SAD 



545n 



TOSAR 



Note Unused input nnust be grounded or connected 
to optional gam adjust pot 



FIGURE 8. Input Scaling Circuit. 



LAYOUT AND OPERATING 
INSTRUCTIONS 

LAYOUT PRECAUTIONS 

The ADC803 is a high speed analog-to-digital converter 
which requires more layout precautions than general 
purpose products. 

The ADC803 has two pins for analog common, two pins 
for digital common, and two pins for each power supply 
input. Each pair of these pins must be connected together 
externally. The connection between the digital supply 
pins and the connection between the digital common pins 
must be as short as possible. The analog and digital 



INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the A/D 
converter. Connect the input signals as shown in Table I L 
See Figure 8 for circuit details. 

OUTPUT DRIVE 

All ADC803 outputs except the clock will drive six TTL 
loads; the clock will drive three TTL loads. If long digital 
lines must be driven, external logic buffers are required 
particularly for the clock which is sensitive to capacitive 
loadmg. 
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TABLE II. ADC803 Input Scaling Connections. 


Input 
Signal 
Range 


Output 
Code 


Connect 

Pin 29 

To 


With 
Gam 
Adjust 


Connect 

Pin 24 

To 


Connect 

Pin 25 

To 


±10V 


BOB 

or 

BTC* 


26 


Yes 


40fi resistor in 
series with 
Input signal 


Gam Adjust 
Potentiometer 


No 


input Signal 


Analog 
Common 


±5V 


BOB 

or 

BTC* 


26 


Yes 


Gain Adjust 
Potentiometer 


10O resistor in 
series with 
input signal 


No 


Analog 
Common 


Input Signal 


Oto-10V 


CSB 


Analog 
Common 


Yes 


Gam Adjust 
Potentiometer 


10O resistor in 
series with 
input signal 








No 


Analog 
Common 


Input Signal 



'Obtained by inverting MSB (pin 1) externally 

INPUT IMPEDANCE 

The source impedance to the ADC803 should be low, 
such as the output of an op amp, to avoid any errors due 
to the relatively low input impedance of the ADC803. 
If this impedance is not low, a buffer amplifier should be 
added between the input signal and the ADC803 input as 
shown in Figure 9. 
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FIGURE 9. Source Impedance Buffering. 

A common problem with successive approximation A/ D 
converters is the transients in input current caused by the 
comparator input being switched back and forth. This 
requires a fast settling amplifier to drive the input. 



The ADC803 comparator is connected in a differential 
mode (see Figure 8), greatly reducing the size of the input 
transients. The user, therefore, may use a fast settling 
wideband operational amplifier to drive the ADC803. 
The small signal settling time of the amplifier should be 
less than 100ns. 

OPTIONAL EXTERNAL GAIN AND OFFSET 
ADJUSTMENTS 

Gain and Offset errors may be trimmed to zero using 
external trim potentiometers connected to the ADC as 
shown in Figures 10, 11, and 12. For proper gain adjust 
range a series resistor must be connected to the analog 
input pin as specified in Table II and shown in Figures 11 
and 12. Multiturn potentiometers with 100ppm/°C or 
better TCR's are recommended for minimum drift over 
temperature and time. All resistors should be ±1% metal 
film or better. If the Offset adjust is not used, pin 26 
should be left open except for bipolar operation when it 
is connected to pin 29. If the Gain adjust is not used, the 
unused input (pin 24 or 25) must be grounded to meet 
specified gain accuracy. 

Adjustment Procedure 

Refer to Table I for LSB voltages and transition values. 
Unipolar offset - connect the offset potentiometer and 
resistors as shown in Figure 1 1, sweep the input through 
the end point transition voltage, from 1 1 1 ... 1 10 to 
111... 111. Adjust the Offset potentiometer until the 
actual end point transition voltage occurs at -1/2LSB. 

Bipolar offset - connect the offset potentiometer and 
resistors as shown in Figure 10. Sweep the input through 
zero and adjust the offset potention^eter until the transi- 
tion from 0111 nil nil to 1000 0000 0000 occurs at 
-1/2LSB. 
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FIGURE 10. Optional Offset Adjust 
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FIGURE 11. Optional Gain Adjust for ± lOV Bipolar 
Operation. 
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FIGURE 12. Optional Gain Adjust for ±5V Bipolar 
or to -lOV Unipolar Operation. 

Gain - connect the Gain potentiometer as shown in 
Figure 11 or 12. Sweep the input through the end point 

transition voltage that should cause an output transition 
from 000. . .000 to 000. . .001 . Adjust the Gain potenti- 
ometer until this transition occurs at the correct end point 
trans .on voltage as given in Table 1. 

OPTIONAL CLOCK RATE CONTROL 

The clock is factory-set for a conversion time between 
1.3jus and 1.5/xs. By use of the optional Clock Rate 
Control as shown in Figure 13, the Conversion time can 
be adjusted down to O.S/xs for 12-bit resolution. If the 
optional Clock Rate Control is not used, pin 19 should be 
left open. Figure 14 shows Conversion Time versus Clock 
Rate Control voltage and Figure 6 shows Differential 
Linearity error versus Conversion time. 
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FIGURE 13. Optional Clock Rate Control. 

POWER DISSIPATION 

The ADC803 dissipates approximately 1.9W (typical) 
and the package has a case-to-ambient thermal resistance 
(0tA) of 25°C/W. For operation above +85°C, (9tA 
should be lowered by a heat sink or by forced air over 
the surface of the package. See Figure 15 for Ola 
requirements above +85°C. Improved thermal contact 
with the PC card copper ground plane under the case 
can be achieved using a silicone heat sink compound. On 
a 0.062" thick PC card with a 16-square-inch (minimum) 
area, this technique will allow operation to -f 100°C. 
Forced air plus heat sink is recommended for +125°C 
operation. 

EXTERNAL SHORT CYCLE 

If less than 12 bits of resolution is required, the cycle time 
of the ADC803 can be shortened with the addition of two 
external components as shown in Figure 16. This circuit 
will create a shortened status signal directly proportional 




FIGURE 14. Conversion Time versus Clock Rate Control 
Voltage. 
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FIGURE 15. Ola Requirement Above +85"C. 

to the reduction of resolution. For n bits of resolution, 
the n+1 bit is used to create the falling edge of the 
shortened status signal. It is possible to obtain the 
equivalent of a 10-bit converter with 670ns conversion 
time and an 8-bit converter with 500ns conversion time 
using this short cycle technique and the external clock 
rate control shown in Figure 13. To begin a new 
conversion, simply give the converter a new convert 
command pulse. The S AR will reset and a new conversion 
will begin. 
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FIGURE 16. External Short Cycle Circuit. 
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TESTING OF THE ADC803 

In order to validate the test results of the ADC803 
obtained during final test, the customer must take 
extreme care in the design and layout of his test fixtures. 
Proper grounding, correct routing of analog and digital 
signals and power supply bypassing are crucial in 
achieving successful results. 

ANALOG GROUND, DIGITAL GROUND, SENSE 

Figure 17 shows a simplified model of the ADC depicting 
proper analog and digital grounding. Several analog and 
digital ground pins have been provided to allow for 
optimizing the internal layout of the ADC. As will be 
explained in more detail later, analog and digital grounds 
should be connected together only at one point by an 
extremely low resistive and inductive connection (a 
ground plane is ideal). A special analog ground called 
"sense" has been provided to eliminate the voltage drop 
that would otherwise be in the ground return of the R-2R 
ladder. Measuring the input signal with respect to the 
sense terminal makes the measurement independent of 
the impedance that is developed in the connection 
between the sense terminal and the analog ground, pin 
28. 

ANALOG-TO-DIGITAL CONVERTER 
TEST TECHNIQUE 

A very effective way of determining the DC performance 
of an ADC is by using the "servo loop method." The 
block diagram of this technique is shown in Figure 18. 
This measurement system automatically locates the ana- 
log voltage that causes the digital output to alternate 
between the desired code and the adjacent code. The 
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FIGURE 17. Simplified Model of ADC803 Depicting 
Proper Analog and Digital Ground. 



FIGURE 18. Servo Loop Analog-to-Digital Tester. 

computer is programmed to place the desired code on the 
I/O bus which is one set of inputs to the digital 
comparator. The other set of inputs to this comparator is 
the digital output of the ADC. Depending upon the 
result of this comparison, the integrator is directed to 
change its output until an equilibrium state is achieved. 
Once in equilibrium, the DVM measures the analog input 
to the ADC and transmits the information to the 
computer via the IEEE-488 bus. The test program checks 
all the desired code combinations, verifying the perfor- 
mance of the ADC. Test time will range from 10 seconds 
to several minutes depending on the speed of the test 
program, settling time of the DVM, and number of codes 
to be checked. 

GROUND LOOPS 

Figure 19 illustrates the interaction that occurs between 
the analog and digital grounds when an ADC is connected 
into a test circuit. This interaction is created by ground 
loops. The circuit in Figure 19 shows how ground loops 

are created when the ADC tester combines digital and 
analog portions of the circuit together — in this case, the 
test signal generator (analog) and the digital circuitry that 
detects the ADC code which corresponds to the analog 
signal (digital). The ground loop exists when the digital 
ground connection between the ADC and the tester is 
in parallel with the analog grounds that connect the tester 
with the ADC. When the connection is made in this 
manner some of the digital current is diverted into the 
analog signal return, which creates a code-dependent 
error signal due to the resistance in the analog signal 
return. This error distorts the linearity measurement and 
induces hysterisis. The error can be substantially reduced 
if the analog and digital grounds are isolated from each 
other in the ADC tester. 
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FIGURE 19. Ground Loop Interaction Between Analog and Digital Grounds When ADC Is Connected 
Into Test Circuit. 



BEAT FREQUENCY TEST 

A "beat frequency test" applied to an ADC803 with a 
companion sample/ hold illustrates both an effective 
means of testing the high frequency performance of such 
a system and demonstrating that the ADC803 with its 
associated sample/ hold is capable of digitizing high 
frequency signals cleanly. A sample/ hold must be used 
when performing this test to hold the input of the 
A^C803 constant during the conversion time. Figure 20 
is a block diagram of the beat frequency test setup. 
The beat frequency test is useful for being able to rapidly 
determine whether there are any serious problems with 
the ADC. In this test the input frequency is set at slightly 
less than one-half the sampling rate. The slight difference 
is selected to allow the sample point to vary by 1 LSB, or 



less, on successive samples. The data is clocked into a low 
frequency reconstruction DAC at one-half the sampling 
rate to enable viewing on an oscilloscope. Figure 21 is a 
photograph of the response to a full-scale input sine 
wave centered around the MSB and Figure 22 is a 
photograph of the response of a small signal sine wave 
centered around the MSB. For comparison, a photo- 
graph (Figure 23) is included which shows the response 
of the ADC803 to a 125Hz input signal which is the 
same as the beat frequency. 

Figure 24 is the PC card layout that was used for the beat 

frequency test. This layout demonstrates some of the 
layout practices that must be followed when using a high 
speed ADC Hke the ADC803. 
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FIGURE 20. Block Diagram of Beat Frequency Test Circuit. 
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FIGURE 21. Beat Frequency Test 

Response of Full Scale 
Sine Wave Input. 



FIGURE 22. Beat Frequency Test 

Response of Small Signal 
Sine Wave Input. 



FIGURE 23. Response of Small Signal 
125Hz Sine Wave Input. 
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FIGURE 24. PC Board Layout for Beat Frequency Test Fixture. 
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BURR-BRO>VN® 




PCM75 

DESIGNED FOR AUDIO 



16-Bit Hybrid 
ANALOG-TO-DIGITAL CONVERTER 



FEATURES 

• 16-BIT RESOLUTION 

• 90dB DYNAMIC RANGE 

• 0.004% THDIFS Input. 16 Bits) 

• 0.02% MAX TH0(-15dB. 16 Bits) 

• 17//S MAX CONVERSION TIME (16 Bits) 

• 15//S MAX CONVERSION TIME (14 Bits) 

• 10//S CONVERSION TIME (Reduced Specs) 

• EIAJ STC-007-COMPATIBLE 



DESCRIPTION 

The PCM75 is a low cost, high quality, 16-bit suc- 
cessive approximation analog-to-<iigital converter. 
The PCM75 uses state-of-the-art IC and laser- 
trimmed thin-film components and is packaged in a 
bottom-brazed ceramic 32-pin dual-in-line package. 
The converter is complete with internal reference 
and clock. 

The PCM75 is designed for PCM audio applications 
and is compatible with EIAJ STC-007 specifica- 
tions. 

The conversion time can be reduced from 15/zs to 
lOfxs with some increase in distortion. Distortion is 
specified on the data sheet to assure performance in 
critical audio applications. 
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SPECIFICATIONS 

ELECTRICAL 

At 25°C and rated power supplies unless otherwise noted 
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NOTES. (1) The measurement of Total Harmonic Distortion + Noise (THD+N) and Dynamic Range is highly dependent on the characteristics of the 
sample/hold amplifier, the digital-to-analog converter, the deglitcher, and the low-pass filter. To accurately measure THD+N and Dynamic Range, the 
accuracy of each device should be better than 16-bit accuracy. A block diagram showing the measurement technique Burr-Brown uses is shown in Figure 
6 (2) DTL/TTL compatible, i e., Logic "0" = 8V max Logic "1" = 2 OV min for inputs. For digital outputs Logic "0" = +0 4V max. Logic "1" = 2 4V 
mm (3) Adjustable to zero (see "Optional External Gain and Offset Adjustment ") (4) FSR means Full Scale Range For example, unit connected for 
±10V range has 20V FSR (5) Conversion time may be shortened with "Short Cycle" set for lower resolution and with use of Clock Rate Control See 
"Additional Optional Connections" section The Clock Rate Control (pin 23) should be connected to Digital Common for specified max conversion time 
Short Cycle (pin 32) should be left open for 16-bit resolution or connected to the n + 1 digital output for n-bit resolution For example, connect Short Cycle 
to bit 1 5 (pin 1 5) for 1 4-bit resolution (6) See Table I CSB— Complementary Straight Binary, COB— Complementary Offset Binary, CTC— Complementary 
Two's Complement (7) CTC coding obtained by inverting MSB (pin 1) (8) Adjustable with Clock Rate Control from approximately 933kHz to 1 4MHz. 
See Figures 14 and 15 and Table III 
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THEORY OF OPERATION 

The accuracy of a successive-approximation A/ D con- 
verter is described by the transfer function shown in 
Figure 1. All successive-approximation A/ D converters 
have an inherent Quantization Error ±1/2LSB. The 
remaining errors in the A/ D converters are combinations 
of analog errors due to the linear circuitry, matching and 
tracking properties of the ladder and scaling networks, 
power supply rejection, and reference errors. In summary, 
these errors consist of initial errors including Gain, 



Offset, Linearity, Differential Linearity, and Power 
Supply Sensitivity. Initial Gain and Offset errors may be 
adjusted to zero. Gain drift over temperature rotates the 
line ( Figure 1 ) about the zero or minus full scale point (all 
bits OfO, and Offset drift shifts the line left or right over 
the operating temperature range. Total Harmonic 
Distortion (THD) is a measure of the magnitude and 
distribution of the Linearity Error, Differential Linearity 
Error, and Noise, as well as Quantization Error, that is 
useful in Audio Applications. To be useful, THD should 
be specified for both high level and low level input 



Burr-Brown IC Data Book 



9.2-138 



signals. This error is unadjustablc and is the most 
meaningful mdicator of A D converter accuracy for 
Audio Applications The resolution of an A I) converter 
can be expressed in terms of Dvnamic Range The 
Dvnamic Range is a measure of the ratio of the smallest 
signals the converter can resolve to the lull scale range 
and IS usuallv expressed in decibels (dB). The theoretical 
dvnamic range of a converter is approximately 6 x n. 
uhere n is the number of bits of resolution. or96dB lor a 
I6-bit converter. The actual or useful dynamic range is 
limited by noise and linearity errors and is therefore 
somewhat less than the theoretical limit 




-FSR 
e Table I for digital code definations. 



FIGURE 1. Input vs Output for an Ideal Bipolar A D 
Converter. 



TIMING CONSIDERATIONS 

The timing diagram in Figure 2 assumes an analog input 
such that the positive true digital word 1001 1000 1001 
0110 exists. The output will be complementary as shown 
in Figure 2 (0110 0111 0110 1001 is the digital output). 
Figures 3 and 4 are timing diagrams showing the rela- 
tionship of serial data to clock and valid data to status. 

DEFINITION OF DIGITAL CODES 
Parallel Data 

Two binary codes are available on the PCM75 parallel 
output, they are complementary (logic "0" is true) 
straight binary (CSB) lor unipolar input signal ranges 
and complementary olfset binary (COB) tor bipolar 
input signal ranges Complementary two's complement 
(CrC) may be obtained bv inverting MSB (pinl). 

Table I shows the LSB, transition values, and code defi- 
nitions for each possible analog input signal range for 
14-, 15- and 16-bit resolutions. Figure 5 shows the con- 
nections for 14-bit resolution, parallel data output, with 
±5V input. 

Serial Data 

Two straight binary (complementary) codes are available 
on the serial output line; they are CSB and COB. The 
serial data is available only during conversion and 
appears with MSB occurring first. The serial data is syn- 
chronous with the internal clock as shown in the timing 
diagram of Figure 2. The LSB and transition values 
shown in Table I also apply to the serial data output 
except for the CTC code. 



CONVERT 
COMMAND"' 
INTERNAL CLOCK 

STATUS (EOC) 
MSB 



-Ft 



MAXIMUM THROUGHPUT TIME'^ 
CONVERSION TIME 





"0" 
NOTES: 

1. The convert coinniand must be at least 50ns wide and must remain low during a 
conversion. The conversion is initiated by the "trailing edge" of the convert command. 

2. Ufis for 16 bits. 

3. Use trailing (high to low) edge of ciocic to strobe each serial output bit. 



(0 

oc 
ui 

I- 
oc 

UI 

> 
z 
o 
o 

< 
o 

0. 

w 
a 

w 

z 
o 

o 

z 



o 
o 

Q 



in 

S 

o 

Ql 



FIGURE 2. Timing Diagram. 
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SERIAL OUT 




40-1 25ns- 



-40-125ns 



v_r 




FIGURE 3. Timing Relationship of Serial Data to 
Clock. 



FIGURE 4. Timing Relationship of Valid Data to 
Status. 




SHORT CYCLE 

.32) i -# 

MlifEl^ CONVERT COMNIANO 
\ from CONTROL LOGIC 



lOkO 
lOOn 



a 



GAIN 

ADJUST 

' ' (optional) 



' Uf<.5w AUDIO 

^^ INPUT 

CLOCK RATE CONTROL 



< 



lOkQ to 
lOOkO 



OFFSET 
ADJUST 
(optional) 



< 



5VDC 



15VDC 



AUDIO COMMON 



I^Ff -^ 



< 



15VDC 



17) SERIAL OUT 



. STATUS OUTPUT to 
CONTROL LOGIC 



DIGITAL 
COMMON 



'Capacitor sliould be connected even if external gain adiust is not used. 



FIGURE 5. PCM75 Connections for: ±5V Audio Input, 14-Bit Resolution (Short-Cycled), Parallel Data Output. 
I ABl E 1. Input Voltages, Transition Values. LSB Values, and Code Definitions. 



Binary BIN 
Output 


INPUT VOLTAGE RANGE AND LSB VALUES 1 


Audio Input 
Voltage Range 


Defined As 


±10V 


+5V 


*2 5V 


Oto -10V 


to -5V 


to +20V 


Code 
Designation 




COBd) 
or CTC(2) 


COBd) 
or CTC(2) 


COBd) 
or CTC(2) 


CSB(3t 


CSB(3) 


CSB(3) 


One Least 
Significant 
Bit LSB 


FSR 
2" 

n = 16 
n - 15 
n = 14 


305mV 
610mV 
1 22mV 


10V 

153mV 
305mV 
610/L(V 


5V 

77mV 
153|uV 
305|uV 


10V 

153mV 
305mV 
6 0mV 


5V 

2" 
77mV 
153mV 
305mV 


305mV 
610/uV 
1 22 mV 


Transition Values 
MSB LSB 
000 000(4) 
011 111 
111 110 


+Full Scale 
Mid Scale 
-Full Scale 


MOV -3/2LSB 


-lOV +1/2LSB 


+5V -3/2LSB 


-5V +1/2LSB 


+2 5V -3/2LSB 


-2 5V+1/2LSB 


+ 10V -3/2LSB 

+5V 

-1/2LSB 


+5V -3/2LSB 

+ 2 5V 
0+1/2LSB , 


+20V -3/2LSB 

+10V 

+1/2LSB 


(1) COB -~ Complementary Offset Binary <3) CSB = Complementary Straight Binary 

(2) CTC - Complementary Two's Complement - obtained by '^' Voltages given are the nominal value 

inverting the most significant bit MSB pin 1 for transition to the code specified 
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DISCUSSION OF 
SPECIFICATIONS 

The PCM75 IS specified to prcnidc critical performance 
criteria tor a wide \ariet\ ol applications. I he most 
critical specilications lor an A I) converter in audio 
applications are tt)tal harmonic distortion, drift, gain and 
offset errors, and conversion time effects on accuracy. 
I he ADC IS factory-trimmed and tested for all critical key 
specifications. 

CONVERT COMMAND CONSIDERATIONS 

Convert command resets the converter whenever taken 
high. This insures a valid conversion on the first conver- 
sion after power-up. 

Convert command must stay low during a conversion 
unless it is desired to reset the converter during a conver- 
sion. 

GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory trimmed to 
typically ±O.Kf of FSR (typically ±0.05^r for unipolar 
offset) at 25''C These errors may be trimmed to zero by 
connecting external trim potentiometers as shown in 
Figures 12 and 13. 

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The PCM75 power supply sensitivity is specified for 
±0.0037f of FSR ('(W, for ±15VDC supplies and 
±0.0015^f of FSR q V, for +5VDC supplies. Normally, 
regulated power supplies with \% or less ripple are 
recommended for use with this ADC. See Layout Pre- 
cautions, Power Supply Decoupling, and Figure 9. 



TOTAL HARMONIC DISTORTION 

The Total Harmonic Distortion (THD) is defined as the 
ratio of the square root of the sum of the squares of the 
value of the rms harmonics to the value of the rms 
fundamental and is expressed in percent or dB. A block 
diagram of the test circuit used to measure the THD of 
the PCM75 is shown in Figure 6 along with a timing 
diagram for the control logic. If we assume that the error 
due to the test circuit is negligible, then the rms value of 
the PCM75 error referred to the input can be shown to be 



I N 
— \ 

N -. 



[E,(i)+ E(;(i)]- 



where N is the number of samples, Ei (i) is the linearit> 
error of the PCM75 at each sampling point, and E(;(i) is 
the quantization error at each sampling point I he 1 H D 
can then be expressed as 



THD = 



[E,(i)+ E(,(i)]- 



X 100^ 



This expression indicates that there is a correlation 
between the THD and the square root of the sum of the 
squares of the linearity errors at each digital uord of 
interest. However, this expression does not mean that the 
worst-case linearity error of the A D is directly correlated 
to the THD because the digital output words from the 
A D vary according to the amplitude and frequency of 
the sine wave input as well as the sampling frequency. 
For the PCM75 the test sampling period was chosen tq 
be 22.7ms, which is compatible with the EIAJ STC-007 
specification for PCM audio. The test frequency is 
400Hz and the amplitude of the input signal is OdB (full 
scale) and — I5dB. 
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OSCILLATOR 



BB 0PA602 ANALOG 
OR EQUIVALENT SWITCH 



BB 0PA602 
OR EQUIVALENT 



HP 339A 

OR 

EQUIVALENT 



"1 lOkQ 



f = 400Hz 






^i--E3i 



^DEGLITCHERa 
^ CONTROL ■ 



.^^^ 



5pF 



OUT 



DISTORTION 
METER 



SIMPLIFIED SCHEMATIC OF 0E6LITCHER 



SAMPLE/ 

HOLD 
AMPLIFIER 



I i. 



OUT 
(PCM75) 



^'CONVERT 
COMMAND 



S/H CONTROL 



SEE S/H SCHEMATIC 
(FIGURE 7) 
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74LS75 

x4 
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16-BIT 
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HP339A 
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TIMING 

CONTROL 

LOGIC 



SEE CONTROL LOGIC TIMING (FIGURE 8) 



FIGURE 6. Block Diagram of Distortion Test Circuit. 
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ACCURACY VS CONVERSION TIME 

Figures 16 and 17 show the relationship of THD vs input 
voltage level for the PCM75 with both 14-bit and 16-bit 
resolution. Notice that the distortion level is reduced by 
increasing the resolution from 14 to 16 bits due to the 
reduced quantization error. 



+15VDC 





2N4124 



-15VDC 



oju -15VgC 2N4126 

CONTROL o — V/v^- 

24l(fi '^524kQ 



-IbVDC 

'CAPACITORS WITH HIGH INSULATION RESISTANCE AND LOW OIELECTRIC 
ABSORPTION SUCH AS TEFLON. POLYSTYRENE. OR POLYPROPYLENE SHOULO 
BE USED. 



FIGURE 7. Schematic of Sample/ Hold Amplifier. 
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FIGURE 8. Control Logic Timing for PCM75 
Distortion Test Circuit. 



LAYOUT AND OPERATING 
INSTRUCTIONS 

LAYOUT PRECAUTIONS 

Analog and nigitaj Common are not connected internally 
m the PCM75 but should be connected together as close 
to the unit as possible, preferably to a large plane under 
the ADC. If these grounds must be run separately, use 
wide conductor pattern and a 0.0 1 /u F to 0. 1 /u F nonpolar- 
ized bypass capacitor between analog and digital com- 
mons at the unit, low impedance analog and digital 
common returns are essential for low noise performance. 
Coupling between analog inputs and digital lines should 
be minimized by careful layout. Ihe comparator input 
(pin 27) is extremely sensitive to noise. Any connection to 
this point should be as short as possible and shielded by 
Analog Common or ± 15V DC supply patterns. 



POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum or 
electrolytic capacitors as shown in Figure 9 to obtain 
noise free operation. These capacitors should be located 
close to the ADC. Bypass the l/uF electrolytic type 
capacitors with O.Ol/uF ceramic capacitors for improved 
high frequency performance. 
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DIGITAL COMMON 
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@- 



-i- — ► +1 



15VDC 



FIGURE 9. Recommended Power Supply Decoupling. 



INPUT SCALING 

The analog input should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the A D 
converter. Connect the input signal as shown in Table II. 
See Figure 10 for circuit details. 



TABLE II. 


PCM75 Input Scaling Connections. 










Connect 


input 




Connect 


Connect 


Input 


Signal 


Output 


Pin 26 


Pin 24 


Signal 


Range 


Code 


To Pin 


To 


To Pin 


±10V 


COBorCTC* 


27 


Input Sig 


24 


±5V 


COBorCTC* 


27 


Open 


25 


±2 5V 


COBorCTC* 


27 


Pin 27 


25 


to +5V 


CSB 


22 


Pin 27 


25 


Oto+lOV 


CSB 


22 


Open 


25 


to +20V 


CSB 


22 


Input Sig 


24 



'Obtained by inverting MSB pin 1 



'N ©- 



BIPOLAR 
OFFSET 



6.3kn 

? iv, 



REF 




FIGURE 10. PCM75 Input Scaling Circuit. 

INPUT IMPEDANCE 

The input signal to the PCM 75 should come from a low 

impedance source, such as the output of an op amp, to 

avoid any errors due to the relatively low input impedance 

ofthePCM75. 

If this impedance is not low, a buffer amplifier should be 

added between the input signal and the direct input to 

the PCM75 as shown in Figure 11. 
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AUDIO INPUT 
SIGNAL 



,4>^ 0PA633KP 
OR EQUIVALENT 




5kn 



PCM75 



FIGURE 11. Buffer Amplifier for PCM75 Input. 

OPTIONAL EXTERNAL GAIN AND OFFSET 
ADJUSTMENTS 

Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected 
to the ADC as shown in Figures 12 and 13. Multiturn 
potentiometers with 100ppm/°C or better TCRs are 
recommended for minimum drift over temperature and 
time. These pots may be any value from lOkO to lOOkfl. 
All resistors should be 20% carbon or better. Pin 29 
(Gain Adjust) and pin 27 (Offset Adjust) may be left 
open if no external adjustment is required; however, pin 
29 should always be bypassed with O.Ol/uF to Audio 
Common. 

ADJUSTMENT PROCEDURE 

OFFSET — Connect the Offset potentiometer (make sure 
Ri is as close to pin 27 as possible) as shown in Figure 12. 
Sweep the input through the end point transition voltage 
that should cause an output transition to all bits off 



Adjust the Offset potentiometer until the actual end point 
transition voltage occurs at E^^^. The ideal transition 
voltage values of the input are given in Table I. 



i.8Mn 



COMP. IN 



+15VDC 

lOkO to lOOkO 
OFFSET ADJUST 
-15VDC 



lb) 

IBOkO ISOkQ 

COMP IN ^ 22kQ 




+15VDC 

lOkQtolOOkQ 
OFFSET ADJUST 
-15VDC 



FIGURE 12. Two Methods of Connecting Optional 
Offset Adjust. 

GAIN — Connect the Gain adjust potentiometer as shown 
in Figure 13. Sweep the input through the end point 
transition voltage that should cause an output transition 

to all bits on (E^^). Adjust the Gain potentiometer until 
the actual end pomt transition voltage occurs at E\^^. 
Table I details the transition voltage levels required. 



GAIN ADJUST (g) — T- 



510kO 
0.01 mF 



AUDIO COMMON ( 



k^15VDC 

lOkn to lOOkn 

GAIN ADJUST 
-15VDC 



FIGURE 13. Connecting Optional Gain Adjust. 

OUTPUT DRIVE 

Normally all PCM75 logic outputs will drive two stan- 
dard TTI, loads; however, if long digital lines must be 
driven, external logic buffers are recommended. 

ADDITIONAL OPTIONAL CONNECTIONS 

The PCM75 may be operated with faster conversion 
times for resolutions less than 14 bits, if a higher TH I) is 
acceptable, by connecting Short Cycle (pin 32) as shown 
in Table III. Typical conversion times for the resolution 
and connections are indicated. 

TABLE III. Short Cycle Connections for 14- to 16-Bit 
Resolutions. 



Resolution (Bits) 


16 


15 


14 


Connect Pin 32 to 

Conversion Time (Typical) fjsec 


Open 
17 


Pin 16 
16 


Pin 15 
15 



The Clock Rate pin may be connected to an external 
multiturn trim potentiometer with a TCR of ±100ppm/°C 
or less as shown in Figure 14. The typical conversion 
time vs the Clock Rate Control voltage is shown in Fig- 
ure 15. The effect of varying the conversion time and the 
resolution on the total harmonic distortion is shown in 
Figures 16 and 17. 
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FIGURE 14. Clock Rate Control, Optional Fine Adjust. 








s 

i 15 
1 

10 








1 
















TYPICAL 








































V 


U 


-BIT QPfntTum 








s, 


^ 


/ 












^ 


N 


c 












^ 


^ 


^ 


^ 


— 1^ 


-BIT C 


PERAT 


ION- 








<L 


^^ 


■^ 






D 2 4 6 8 
CONTROL VOLTAGE ON PIN 23 





FIGURE 15. Conversion Time vs Clock Rate Control 
Voltage. 
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FIGURE 16. Total Harmonic Distortion vs Conversion 
Time. 



FIGURE 17. Total Harmonic Distortion vs Input 
Voltage Level. 
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PCM78P 



ADVANCE INFORMATION 
SUBJECT TO CHANGE 



16-Bit Audio 
ANALOG-TO-DIGITAL CONVERTER 



FEATURES 

• LOW COST/HIGH PERFORMANCE 16-BIT AUDIO A/D 
CONVERTER 

• FAST ^ MAX CONVERSION TIME (4^ typ| 

• VERY LOW THD+N (TYP -88dB at FS; MAX 
-82dB| 

• ±3V INPUT RANGE (INTERFACES EASILY TO 
SAMPLE/HOLD AMPLIFIERS) 

• TWO SERIAL OUTPUT MOOES SIMPLIFY 
INTERFACING REQUIREMENTS 

• COMPLETE WITH INTERNAL REFERENCE ANO 
CLOCK IN 28-PIN PLASTIC DIP 

• ±5V TO ±12V SUPPLY RANGE (OOOmW POWER 
DISSIPATION) 

APPLICATIONS 

• DSP DATA ACQUISITION 

• TEST INSTRUMENTATION 

• SAMPLING KEYBOARD SYNTHESIZERS 

• DIGITAL AUDIO TAPE 

• BROADCAST AUDIO RECORDING 

• TELECOMMUNICATIONS 



DESCRIPTION 

The PCM78P is a 16-bit A/D converter which is 
specifically designed and tested for dynamic applica- 
tions. It features very fast, low distortion perfor- 
mance (4/[is/-88dB THD+N typical) and comes 
complete with internal clock and reference circuitry. 
The PCM78P comes in a reliable, low cost 28-pin 
plastic package and data output is available in 
several user-selectable serial output formats. One of 
the major markets for the PCM78P is digital audio 
tape (DAT) recorders. Many other similar applica- 
tions such as digital signal processing and telecom 
applications are equally well served by the PCM78P. 
The PCM78P is a successive approximation type 
A/D that uses fast bipolar circuitry for the precision 
analog portion of the converter and very low-power 
CMOS for all other logic/ clock functions. The 
PCM78P h^ truly been optimized for maximum 
dynamic performance and very low cost. This gives 
it the best price /performance ratio of any A/D 
converter available to date for high-resolution signal 
acquisition applications. 
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SPECIFICATIONS 

ELECTRICAL 

All speciffcations at +25X, +Vdd = +5 OOV, and ±Vcc = ±12.0V unless otherwise noted 



PARAMETER 


CONDITIONS 


PCM78P 


UNITS 


MIN 


TYP 


MAX 


RESOLUTION 








16 


Bits 


INPUT/OUTPUT 1 


ANALOG INPUT 












Input Range 




-3 00 




+3 00 


V 


Input Impedance 






15 




kO 


DIGITAL INPUT/OUTPUT 












Logic Fannily 




TTL-Compatible CMOS 




Logic Level Vih 


liH == +40yuA 


+2 




+5 5 


V 


ViL 


. liL = -100//A 


00 




+0 8 


V 


VOH 


IbH = 2TTL Loads 


+2 4 






V 


Vol 


loL = 2TTL Loads 






+0.4 


V 


Data Format 




Serial BOB or BTC 




Convert Command 




Negative Edge"' 




Pulse Width 




50 




ns 


CONVERSION TIME 






4 5 


/iS 


DYNAMIC CHARACTERISTICS | 


SIGNAL-TO-NOISE RATIO'^' 


Fa^200kHz/TcoNv = W 










F = 1kHz(0dB) 


BW = 20kHz 




-90 




dB"" 


F = 10kHz (OdB) 


BW = 100kHz 




-80 




dB 


TOTAL HARMONIC DISTORTION" 


Fs = 200kHz/TcoNv = 4/us 










F = 1kHz (OdB) 


BW = 20kHz 




-91 




dB 


F = 19kHz (OdB) 


BW = 20kHz 




-90 




dB 


F = 10kHz (OdB) 


BW = 100kHz 




-90 




dB 


F = 90kHz (OdB) 


BW = 100kHz 




-89 




dB 


TOTAL HARMONIC DISTORTION + NOISE'^' 


Fs = 200kHz/TcoNv = 4/7S 










F = 1kHz (OdB) 


BW = 20kHz 




-88 


-82 


dB 


F = 1kHz(-20dB) 


BW = 20kHz 




-74 


-68 


dB 


F = 1kHz (-60dB) 


BW = 20kHz 




-34 




dB 


F = 19kHz (OdB) 


BW = 20kHz 




-87 




dB 


F = 10kHz (OdB) 


BW = 100kHz 




-82 




dB 


F = 90kHz (OdB) 


BW = 100kHz 




-81 




dB 


TRANSFER CHARACTERISTICS | 


ACCURACY 












Gam Error 






±2 




% 


Bipolar Zero Error 






±20 




mV 


Linearity Error 


Differential 




±0 002 




% of FSR*^' 


Linearity Error 


Integral 




±0 003 




% of FSR 


Missing Codes 






None 




14Bits'«' 


DRIFT 












Gam 


OX to +70°C 




±25 




ppm/°C 


Bipolar Zero 


0°C to +70°C 




±4 




ppm of FSR/°C 


POWER SUPPLY SENSITIVITY 












+Vcc 






±0 003 




%FSR/%Vcc 


-Vcc 






±0 003 




%FSR/%Vcc 


+Vdd 






±0.001 




%FSR/%Vdd 


WARM-UP TIME 








1 


Minute 


POWER SUPPLY REQUIREMENTS | 


Voltage Range +Vcc 




+4 75 




+15 6 


V 


-Vcc 




-4 75 




-15 6 


V 


+Vdd 




+4 75 




+5 25 


V 


Current +Vcc 


+Vcc = +12 OV 




+15 




mA 


-Vcc 


-Vcc = -12 OV 




-21 




mA 


+Vdd 


+Vdd = +5 00 




+7 




mA 


Power Dissipation 


±Vcc = ±12 OV 




575 




mW 


Temperature range | 


Specification 









+70 


°C 


Storage 




-50 




+100 


X 



NOTES. (1 ) When convert command is high, converter is in a halt/reset mode. Actual conversion begins on negative edge. (2) Ratio of Noise rms/Signal 
rms (3) F = input frequency; Fs = sample frequency (PCM78P and SHC702 in combination); BW = bandvi^idth of output (based on FFT or actual analog 
reconstruction using a 20kHz low-pass filter). (4) Referred to input signal level. (5) Ratio of Distortion rms/Signal rms (6) Ratio of Distortion rms + 
Noise rms/Signal rms. (7) FSR. Full-Scale Range = 6.0Vp-p. (8) Typically no missing codes at 14-bit resolution. 
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MECHANICAL 



■ ' 1 



) o 



o 



1 



NOTE Leads in true position 
within 0.010" (0.25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers are not marked 
on package 



^Pinl 



yyyykj'wvw 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1400 


1460 


35 56 


37 08 


B 


530 


575 


13 46 


14 61 


C 


0.169 


224 


4 29 


5 69 


D 


015 


023 


38 


58 


F 


043 


0065 


109 


165 


G 


0100 BASIC 


2 54 BASIC 1 


H 


030 


090 


76 


2 29 


J 


008 


015 


20 


38 


K 


0100 


0136 


2 54 


3 45 


L 


600 BASIC 


15 24 BASIC 1 


M 


O'C 


is-c 


o-c 


15^ 


N 


018 


022 


46 


56 



0) 
DC 
UJ 
h- 

tc 

UJ 

> 

z 
o 
o 

< 

Q 

0. 
(/) 
O 

(0 

z 
o 

F 
< 
o 

z 

3 



o 
o 

o 

Q 



ABSOLUTE MAXIMUM RATINGS 



INPUT/OUTPUT RELATIONSHIPS 



+Vcc to Analog Common to +16 5V 

— Vcc to Analog Common to —16 5V 

-Vdd to Digital Common to +7 OV 

Analog Common to Digital Common ±0 5V 

Logic Inputs to Digital Common -0 3V to Vdd +0 5V 

Analog In to Analog Common ; ±16 5V 

Lead Temperature, (soldering, 10s) +300°C 



ANALOG INPUT 


CONDITION 


DIGITAL OUTPUT | 


BTC 


BOB 


+2 999908V 

-3 OOOOOOV 

OOOOOOV 

-0 000092V 


+Full Scale 
-Full Scale 
Bipolar Zero 
Zero-1LSB 


7FFF Hex 
8000 Hex 
0000 Hex 
FFFF Hex 


FFFF Hex 
0000 Hex 
8000 Hex 
7FFF Hex 



PIN DESCRIPTIONS 



PIN 


NAME 


I/O 


1 


Analog In 


Input 


2 


-Vcc 




3 


MSB Adjust 


Input 


4 


+Vdo 




5 


No Connection 




6 


Comparator Common 




7 


MSB 


Output 


8 


BTC/BOB Select 


Input 


9 


Status 


Output 


10 


Clock Out 


Output 


11 


RiCi 




12 


R2C2 





DESCRIPTION 



1 3 S0UT2 



Output 



14 


+Vdd 




15 


S0UT1 


Output 


16 


External Clock 


Input 


17 


Int/Ext Clock Select 


Input 


18 


Short Cycle 


Input 


19 


Convert Command 


Input 


20 


S0UT2 Latch 


Input 


21 


S0UT2 Clock 


Input 


22 


Digital Common 




23 


+Vcc 




24 


VPOT 


Output 


25 


Reference Decouple . 




26 


Analog Common 




27 


Reference Out 


Output 


28 


Speed Up 





Analog Signal Input (1 5kfi input impedance) 

Analog power supply (-5V to -15V) 

Internal adjustment point to allow adjustment of MSB major carry. 

Power connection for comparator (+5V). 

No internal connection 

Comparator common connection 

Parallel output of bit 1 (MSB) for use m offset adjustments. 

Twos complemerrt (open) or straight binary (grounded) data output format selection. 

Output signal held high until conversion is complete 

Internal clock output generated from RC network on pins 11 and 12 (also present when external 

clock is used lagging external clock by « 24ns and same duty cycle). 

RC connection point used to generate the internal clock (tied to +5V with a 5kn resistor when 

external clock option is used) Sets clock pulse width. 

RC connection point used to generate the internal clock (tied to +5V with SkQ resistor when 

external clock option is used) Sets clock period. 

Internal shift register containing the previous conversion result (alternate latched data output 

mode) 

Power connection for +5V logic supply 

Primary real-time data output synchronized to clock out. 

External clock input point (internal clock must be disabled) 

Selects internal or external clock mode (low = internal; open = external). 

Terminates conversion at less than 16-bits (open for 16-bit mode). 

Starts conversion process (can optionally be generated internally). 

Latches previous conversion result for readout (must be issued with the Sout2 clock to Initiate 

latch and an internal convert command). 

Used to read out internally latched data from previous conversion. 

Digital grounding pin. 

Analog supply connection (+5V to +15V). 

Voltage, output for optional adjustment of the MSB transition. 

Reference decoupling point. 

Analog grounding pin. 

Should not be used except as shown in connection diagram. 

Connection point for a capacitor. 
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CONNECTION DIAGRAM 



Optional MSB 
Adjust Circuit 

I R^ T 



VRi 
lOOkfi 



R2 
'3 3kQ 



I 



R3 
200kOl 



+3V - 
-15V ■ 



L-^ 1 



T7-T 



10//F 



V 



I' 



C2 

O/uF 



^ 



R4 
2 7kO 



■VSAA- 

Rs 



-L C3 

-riOyuF 



C4 

■lOOpF 



. Cs 
• lOpF 



Analog In 

Vcc 
MSB Adj 

+Vdd 
NC 

Comp Com 

MSB 

BTC/BOB Sel 

Status 

Clock Out 

RCi 

RCz 

SoUTZ 

+Vdd 



Speed Up 

Ref Out 

Analog Com 

Ref DCPL 

VPOT 

+Vcc 
Digital Com 
SouTz Clock 
SouTz Latch 

Conv Cmd 
Short Cycle 

Int/Ext Clk Sel 

External Clk 



Ce 
*Open 3 3A/F 

~o o- 



C7 

llOjuF 



Ca 33yuF 



RelSQ 



^ 



I7 



J- C9 

-1 0/uF 



1; 



♦Necessary for first rev of part only 



TIMING REQUIREMENTS 

As shown in the Timing Diagram, the PCM78 requires 
17 clock cycles to complete a conversion. To calculate the 
clock frequency necessary for a given conversion time, 
the following equation may be used: 
17 



fcLOCK — 



Conversion Time 



Using Souti With Internal Clock 

The falling edge of the Convert Command gates the 
internal oscillator on after a slight delay, typically 75ns. 
The rising edge of this internal clock sets the Status line 
high and resets the SAR. Data is clocked out of Souti on 
the subsequent 16 rising edges of the clock. 

The internal clock is available on pin 10, Clock Out. The 
frequency and duty cycle of this clock is set by RiCi and 
R2C2. RiCi sets the duty cycle of the clock, which should 
be between 20% to 80%, and may be set to 50% for 
simplicity. The relationship between duty cycle and 
external part values is: 



Duty Cycle (in ns) = 32 4- 1.3193RiCi R in kO; C in pF. 
The period of the clock is set by R2C2 and may be 
calculated by: 

Clock Period (in ns) = 220 + I.3293R2C2 R in kO; C in 
pF. 

These equations are approximate; if highly accurate time 
bases are required, use of an external clock is recom- 
mended. 

Using Souti With External Clock 

The external clock is applied at pin 16, and the Int/Ext 
Clock Select (pin 17) should be left open. An internal 
pull-up resistor assures that the logical state of an open 
pin is "1." The Convert Command should be timed so the 
falling edge of the Convert Command occurs before a 
rising edge of the Exernal Clock, since the conversion 
begins when this happens (recommended delay is 50ns). 
If the Convert Command's falling edge occurs after or 
exactly at the same time as the External Clock's rising 
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edge, the conversion will not begin until the next rising 
edge of the External Clock. 

The Clock Out function is a gated form of the External 
Clock, i.e., the 17 clock cycles used in the conversion are 
present on this pin during conversion. This allows use of 
a continuous External Clock, with Clock Out being the 
clock that the converter is actually using for conversion. 
Note that this is simply a delayed ('^24ns) version of the 
external clock, and will have the same frequency and 
duty cycle. 

Using Sout2 Latch 

As shown in the Timing (Optional) Diagram, the Sout2 
Latch enables the user to latch data from the previous 
conversion and read it out at higher speed than the 
Convert Clock. This feature allows the converter to 
easily interface to digital filtering necessary for over- 
sampling. 

In this mode, the PCM78 generates its own internal 
Convert Command when the Sout2 Clock goes high 



within ±50ns of Sout2 Latch going low; the external 
Convert Command may not be used, and pin 19 must be 
grounded. The Timing Diagram shows the recommended 
timing for using this mode. After the Sout2 Latch control 
signal goes low, data from the SAR is loaded into the 
SouT2 Latch on the next rising edge of the Conversion 
Clock (internal or external), since the SAR will reset 
itself prior to the latching if the Convert Clock rises 
before the Sout2 Clock. This condition is avoided as long 
as the frequency of Sout2 Clock is at least 1.5 times that 
of the conversion clock. 

The internal Convert Command is generated upon Sout2 
Latch going low, and its falling edge occurs upon the 
first falling edge of Sout2 Clock after Sout2 Latch goes 
low. Sout2 Latch should remain low for at least two 
cycles of Sout2 Clock to ensure proper latching. 
The data read out on Sout2 is from the conversion 
previously performed, while the data that is present on 
SouTi is the real-time readout of the successive approx- 
imation as it occurs. 
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Convert Command 
Pin 19 



Jl 



Ext Clock Pin 16 - 



Clock Out Pin 10 - 



JLfULfLfUUL 



Ih 



lUUULfUUL 
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SouTi Pin 15- 



^il^iilR (fHIf) 



TIME 


DESCRIPTION 


Time (ns) | 


MIN 


TYP 


MAX 


Ti 

T2 

Ta 

T4 

Te 

T7 

Te 


Convert Command Pulse 
External Clock Delay 
Clock Output Delay 
Clock/Status Start Delay 
Clock Pulse Width 
Clock Out/Data Valid 
External Clock Cycle 
Clock/Status End Delay 


50 

50 
200 


100 
50 
24 
10 
125 
20 
300 
10 


70 
30 
50 
30 



NOTE (1) External clock (Pm 16) not required when internal 
clock IS selected using INT/EXT CLK SEL (Pin 17) Timing is 
provided here to show relationship between external clock input 
(Pin 16) and clock output (Pin 10) when an external clock is used 
If internal clock is used add T2 and T3 together to get the convert 
command to clock out time delay 
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TIMING (OPTIONAL) 



\M 



^KJiiiTLmmnjLm 



Clock I 



Status 
SouTz Latch 



SouTa Data 



irumiuuuuinnnjuirinjnjinRnjmniinnnjuiJi^^ 

T4 



1.4 M— LJata (n - I) ^ 

axxxDaaaaaaaaaai 



LSB 



- Data Sample n ■ 



HaaaaoDc: 



J |-^-Data(n + 1) 



^§)CZXZIZIZIZIZIZXZ]LJCDCDCDLDLJ( LSB ^^sbjcJC 



S0UT1 Data 



TIME 


DESCRIPTION 


Time (ns) | 


MIN 


TYP 


MAX 


T2 
T3 
T4 


SouT Low Pulse Width 
S0UT2 Clock Cycle 
Clock Out/Data Valid 
S0UT2 CLK/EXT Clock Delay 


200 
100 




5 


40 
100 



TYPICAL FFT SPECTRAL RESPONSE 





PCM78P SPECTRAL RESPONSE 
2048 FFT F,N ^ 10kHz Fs = 200kHz 






10 - 












20 - 




87 31dBTHD(0-100kHz) 
82 73dB SNR (0-IOOkHz) 
8143dBTHD^N(0-100kHz) 








-30 - 




90 01dBSNR(0-20kHz) 
85 44dBTHD-N(0-20kHz) 








-40 - 










CD 

1 

CO 

c 

D) 


-50 - 
-60 - 
-70 - 
-80 - 

-90 - 
-100 - 
-110 - 

120 — 


Hi 


LkiUiiMiiiii 


li 







25 50 75 


100 




Frequency (kHz) 
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Analog 
Input 



jr SOIkQ 3 01kO 



2tFT¥'2°> 



ri>0^ 



-15V +5V +15V 



lCi4 2 2//F 



Analog ^. , _ 
In Clock Out 



Serial 
Outi 




-!>>- 



Us Us Us Us 

{>o{>o{>o{>c> 

HCT14 



C21 
+5V 2 2//F 






A 



D Q 
Q 



^ 



Ue 
74HCT74 






^c,6^v +5yc,9 \^ 



Reconstructed 
Output 

J3 




2 2yuF 



.l^^^e 



2 2/yF 



SRCK 

SER 

RCK 

ABODE 



U7 
74HC594 



QH 
F G H 



8| V V 16 13 



SRCK 

SER 

RCK 

A BCD 



Ue 
74HC594 
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♦Connections required for 
first REV parts only 



FIGURE 1. Circuit Schematic for Demonstration Fixtu re (DE M1122). 
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VOLTAGE-TO-FREQUENCY 
CONVERTERS 



Voltage-to-frequency converters provide a simple, low-cost way of convert- 
ing analog signals into digital form. They provide an important alternative 
to other analog-to-digital conversion techniques. Their integrating input 
properties make them an appropriate choice when operating in noisy envi- 
ronments. The combination of high accuracy and linearity, low temperature 
drift, and monotonicity often provide performance characteristics unattain- 
able with other techniques. 

Since an analog quantity represented as a frequency is inherently serial data, 
it is easily handled in large multi-channel systems. Frequency information 
can be transmitted over long lines with excellent noise immunity using low 
cost digital line transmitters and receivers. Isolation can be accomplished 
with optical or transformer couplers without loss in accuracy. Outputs from 
multiple VFCs can be gated to common counter circuitry with simple digital 
logic. Low-cost isolation is obtained when a VFC is used together with a 
DC/DC converter and a single optical coupler. 

Burr-Brown monolithic voltage-to-frequency converters provide industry- 
standard performance and reliability in such applications as precision test' 
and measurement equipment, data acquisition systems, communications 
equipment, and process control. 
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VOLTAGE-TO-FREQUENCY 
CONVERTERS SELECTION GUIDE 

The Selection Guide shows parameters for the high grade. Refer to the 
Product Data Sheet for a full selection of grades. Models shown in boldface 
are new products introduced since publication of the previous Burr-Brown IC 
Data Book. 



VOLTAGE-TO-FREQUENCY CONVERTERS 



Boldface = NEW 



Description 



l\/iodel 



Frequency V,^ Linearity, 

Range Range max 

(kHz) (V) (% of FSR) 



Tempco, 
max(ppmof Temp 
FSR/°C) Range(^) Pkg 



Page 



Low-Cost 
Monolithic 


VFC32P 
VFC32M 


User- 
selected 
500kHz, max 


User- 
selected 


±0.01 at 10kHz 
±0.05 at 100kHz 


75typ 
±100 


Com 
Ind 


DIP 10-3 
TO-100 10-3 


Low-Cost 
Complete 


VFC42 
VFC52 


Oto10 
to 100 


Oto+10 
to -1-10 


±0.01 
±0.05 


±100 
±150 


Ind 
Ind 


DIP 10-12 
DIP 10-12 


Precision 
Monolithic 


VFC62 
VFC320 


User- 
selected, 
1 MHz max 


User- 
selected 


±0.002 at 10kHz 
±0.002 at 10kHz 


±20 
±20 


Ind 
Ind 


DIP, 10-18 
TO-100 10-54 
for Both 



Synochro- 
nized Monolithic 



VFC100G 



VFC101N 



Clock 

Programmed, 
2MHz max 

Clock 

Programmed, 
2MHz max 



Oto+10 



Oto+10, 
to +5, 
to +8, 
-5 to +5 



0.1 at 1MHz 



±50 



±0.02 at 100kHz ±40 



Ind 



ind 



DIP 



10-26 



PLCC 10-41 



High- 
Performance 



VFC110 



User- 
selected 
4MHz max 



Oto+10 



±0.05 at 1 MHz 



±50 



Ind 



DIP 



10-52 



NOTES: (1) Com = 0°C to +70°C, Ind = -25°C to +85°C. 
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VFC32 



MILITARY & DIE 
VERSIONS 
AVAILABLE 



Voltage-to-Frequency 

and Frequency-to-Voltage 

CONVERTER 



FEATURES 

• RELIABLE MONOLITHIC CONSTRUCTION 

• HIGH LINEARITY: 

±0.01% max at 10kHz FS 
+0.05% max at lOOkHz FS 

• V/F or F/V CONVERSION 

• 6-DECADE DYNAMIC RANGE 

• VOLTAGE OR CURRENT INPUT 

• OUTPUT TTL/CMOS COMPATIBLE 



DESCRIPTION 

The VFC32 monolithic voltage-to-frequency and 
frequency-to-voltage converter provides a simple 
low cost method of converting analog signals into 
digital pulses. The digital output is an open collector 
and the digital pulse train repetition rate is pro- 
portional to the amplitude of the analog input 
voltage. Output pulses are compatible with TTL and 
CMOS logic families. 

The converter requires two external resistors and 
two external capacitors to operate. Full scale 
frequency and input voltage are determined by one 



APPLICATIONS 

• INEXPENSIVE A/D AND D/A CONVERTER 

• DIGITAL PANEL METERS 

• TWO-WIRE DIGITAL TRANSMISSION WITH NOISE 
IMMUNITY 

• FM MOO/DEMOO OF TRANSDUCER SIGNALS 

• PRECISION LONG TERM INTEGRATOR 

• HIGH RESOLUTION OPTICAL LINK 

• AC LINE FREQUENCY MONITOR 

• MOTOR SPEED MONITOR 



resistor (in series with — IN) and two capacitors 
(one-shot timing and input amplifier integration). 
High linearity is achieved with relatively few external 
components, e.g., ±0.01% at lOkHz. The other 
resistor is a non-critical open collector pull-up (fouT 
to +Vcc). 

The VFC32 is available in three models and two 
package configurations. The TO- 100 versions are 
hermetically sealed, and specified for the -25° C to 
+85° C and -55° C to +125°C ranges. The plastic 
DIP and SOIC are specified from 0°C to +70° C. 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25°C and ±15VDC power supply unless otherwise noted 



CHARACTERISTICS 


CONDITIONS 


VFC32KP, KU 


VFC32BM 


VFC32SM 


UNITS 


MIN 


TYP 


MAX 


MIN 1 TYP 1 MAX 


MIN I TYP 1 MAX 


INPUT (V/F CONVERTER) FouT = Vin / 7 5 RiCi, Figure 6 | 


Voltage Range(i) 
























Positive Input 




>0 




+0 25mA 
X Ri 














V 


Negative Input 




>0 




-10 














V 


Current Range(i) 




>0 




+0 25 














mA 


Bias Current 
























Inverting Input 






20 


100 














nA 


Noninverting Input 






100 


250 














nA 


Offset Voltage(2) 






1 


4 














mV 


Differential Impedance 




300 11 10 


650 1110 




* 












k(l II pF 


Common-mode 
























Impedance 




300 II 3 


500 II 3 




* 












Mil II pF 


INPUT (F/V CONVERTER) VouT = 75 RiCi Fin, Figure 9 | 


Impedance 




50 11 10 


150 11 10 
















kll II pF 


Logic "1" 






+ 1 
















V 


Logic "0" 






-0 05 
















V 


Pulse-width Range 




01 




150k/FMAX 














MSec 


ACCURACY 1 


Linearity Error'^' 


0.01Hz<oper 
freq< 10kHz 
1Hz<oper 
freq< 100kHz 
5Hz<oper 
freq < 500kHz 




±0 005 
±0 025 
±0 05 


±0 010(4) 
+0 05 














% of FSR(5) 
% of FSR 
% of FSR 


Offset Error Input 
























Offset Voltage(2) 






1 


4 














mV 


Offset Drift(6) 






±3 
















ppmofFSR/°C 


Gam Error(2) 






5 
















% of FSR 


Gam Drift(6) 


f = 10kHz 




±75 






±50 


±100 




±70 


±150 


ppm/°C 


Full Scale Drift 


f = 10kHz 




±75 






±50 


±100 




±70 


±150 


ppmof FSR/°C 


1 offset drift & 
























gam drift i(6)(7) 
























Power Supply 


f = DC,±Vcc = 12VDC 






















Sensitivity 


to 18VDC 






±0 015 












* 


% of FSR/% 


OUTPUT (V/F CONVERTER) (open collector output) | 


Voltage, Logic "0" 


lsiNK = 8mA 





02 


04 














V 


Leakage Current, 
























Logic "1" 


Vo=15V 




01 


10 












* 


mA 


Voltage, Logic "1" 


External pull-up resistor 
required (see Figure 4 1 






Vpu 












♦ 


V 


Pulse Width 


For Best Linearity 




25/Fmax 
















sec 


Fall Time 


loUT = 5mA, Cload = 500pF 






400 














nsec 


OUTPUT (F/V CONVERTER) VoUT | 


Voltage 


lo < 7mA 


Oto+10 






* 












V 


Current 


Vo < 7VDC 


+10 


















mA 


Impedance 


Closed loop 






1 






* 








a 


Capacitive Load 


Without oscillation 






100 














pF 


DYNAMIC RESPONSE | 


Full Scale Frequency 








500(8) 














kHz 


Dynamic Range 




6 


















decades 


Settling Time 


(V/F) to specified linearity 
for a full scale input step 




(9) 


















Overload Recovery 


< 50% overload 




(9) 


















POWER SUPPLY 1 


Rated Voltage 






±15 
















V 


Voltage Range 




±11 




±20 














V 


Quiescent Current 






±5 5 


±6 














mA 


TEMPERATURE RANGE | 


Specification 









+70 


-25 




+85 


-55 




+125 


°C 


Operating 




-25 




+85 


-55 




+125 


-55 




+125 


°C 


Storage 




-25 




+85 


-65 




+150 


-65 




+150 


°C 



"Specification the same as VFC32KP 
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NOTES 

1 A 25% duty cycle (0 25mA input current! is recommended where possible to achieve best linearity 

2 Adjustable to zero See Offset and Gam Adjustment section 

3 Linearity error is specified at any operating frequency from the straight line intersecting 90% of full 
scale frequency and 1% of full scale frequency See Discussion of Specifications section 
Above 200kHz, it is recommended all grades be operated below +85°C 

4. ±0 015% of FSR for negative inputs shown in Figure 7 Positive inputs are shown in Figure 6 

5 FSR = Full Scale Range (corresponds to full scale frequency and full scale input voltage 

6 Exclusive of external components' drift 

7 Positive drift is defined to be increasing frequency with increasing temperature 

8 For operation above 200kHz up to 500kHz, see Discussion of Specifications and Installation and Operation sections 

9 One pulse of new frequency plus Vsec 



ABSOLUTE MAXIMUM RATINGS 



Supply Voltages ±22 

Output Sink Current (Fout) 50mA 

Output Current (Vout) +20mA 

Input Voltage, -Input ±Supply 

Input Voltage. +lnput ±Supply 

Comparator Input ±Supply 

Storage Temperature Range. 

VFC32BM, SM -65°C to +150°C 

VFC32KP. KU -25°C to +8S°C 



MECHANICAL 
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VFCBM, VFC32SM-TO-100 MMal 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


C 


165 


185 


419 


4 70 


D 


016 


021 


41 


53 


E 


010 


040 


25 


102 


F 


010 


040 


25 


102 


G 


230 BASIC 


5 84 BASIC 1 


H 


028 


034 


71 


86 


J 


029 


045 


74 


1 14 


K 


500 


_ 


12 70 


_ 


L 


120 


160 


3 05 


4 06 


M 


36° BASIC 


36° BASIC 


N 


110 1 120 


2 79 1 3 05 




NOTE Leads in true position 
within 01" (0 25mm) R at MMC 
at seating plane 

Pin numbers shown for reference 
only Numbers may not be marked 
on package 



VFC32KU - Plastic SOIC 



rw — ^^ 



/ 



Pin 1 Identifier 



Jl 



hH 



I"U"U u u u u 

-.11 7 

J G L Jd^ Ln 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


332 


348 


8 44 


8 84 


Ai 


325 


348 


8 26 


8 84 


B 


146 


162 


3 71 


411 


Bi 


128 


146 


3 25 


3 71 


C 


052 


068 


132 


173 


D 


014 


019 


36 


48 


G 


050 BASIC 


1 27 BASIC 


H 


016 


024 


41 


61 


J 


008 


012 


20 


30 


L 


226 


246 


5 74 


6 25 


M 


5°TYP 


5°TYP 


N 


000 1 012 


00 1 30 



J 



L- 



H 



NOTE Leads in true position 
within 01" (0 25mm) R at MMC at 
seating plane 



VFC32KP-Piastic DIP 



NOTE Leads in true position 
within 01" (0 25mm) R at MMC at 
seating plane 



DIM 


INCHES 


MILLIMETERS I 


MIN 


MAX 


MIN 


MAX 


A 


700 


800 


17 78 


20 32 


Ai 


685 


785 


17 40 


19 94 


B 


230 


290 


5.85 


7 38 


Bi 


200 


250 


509 


6 36 


C 


120 


200 


3 05 


5 09 


D 


015 


023 


38 


59 


F 


030 


070 


76 


178 


G 


100 BASIC 


2 54 BASIC 1 


H 


050 


100 


127 


2 54 


J 


008 


015 


20 


38 


K 


070 


150 


178 


3 82 


L 


300 BASIC 


7 63 BASIC 1 


M 


0° 


15° 


0° 


15° 


N 


010 


030 


026 


76 


P 


025 


050 


064 


127 



r^ r^ r^ r^ r^ r^ r^ 




\?\s^\j^K?\?\? 



Denotes Pin 1 



TT 

Bi B 




CM 
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Xj 



Seating Plane 
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PIN CONFIGURATIONS 



VFC32BM, VFC32SM-TO-100 Metal 

^VOUT 




+Vcc 



\ COMPARATOR 



NCV^A — —JC/ fOUT 
(TOP VIEW) 



NO = NO INTERNAL CONNECTION 
EXTERNAL CONNECTION PERMITTED 



VFC32KP, KU-PiastIc DIP and SOIC 



ONE-SHOT I 
CAPACITOR I 




■^ COMPARATOR 



DISCUSSION OF 
SPECIFICATIONS 

LINEARITY 

Linearity is the maximum deviation of the actual transfer 
function from a straight line drawn between the end 
points (90% of full scale input or frequency and 0.1% of 
full scale called zero). Linearity is the true measure of 
voltage-to-frequency converter's performance, and is a 
function of the full scale frequency. Refer to Figure 1 to 
determine typical linearity error for your application. 
For a given full scale frequency, the linearity error 
decreases with decreasing operating frequency as shown 
in Figure 2. Also, best linearity is achieved at lower gains 
(AFout/ AVin) with operation as close to the chosen full 
scale frequency as possible. 

The high linearity of the VFC32 makes the device an 
excellent choice for use as the front end of A/D 
converters with 8- to 12-bit resolution, and for highly 
accurate transfer of analog data over long lines in noisy 
environments (2-wire serial data transmission). 
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FREQUENCY STABILITY vs TEMPERATURE 

The full scale frequency drift of the VFC32 versus 
temperature is expressed as parts per million of full scale 
range per ''C. As shown in Figure 3, the drift increases 
above lOOkHz, and this should be taken into account for 



+1.0 

1 
1 

! 

■0.5 
-1.0 




1 




'Fl 


JLL SCALE = 10l'Mz 

Typical 1 

T^ = +25«C 






























y 






^ 


— 








^ 


^ 




























1 


k 2k 3k 4k 5k 6k 7k 8k 9k 10k 
Operating Frequency (Hz) 



FIGURE 2. Linearity Error vs Operating Frequency. 
(25% Duty Cycle) 
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FIGURE 1. Linearity Error vs Full Scale Frequency. 
(25% Duty Cycle) 



FIGURE 3. Full Scale Drift vs Full Scale Frequency. 
(25% Duty Cycle) 
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INPUT RESISTOR 
V|nO— A/v- 



INTEGRATING CAPACITOR Vgyj 



1 



^ JT 




+VpULL-UP 
(5V TO 15V TYPICALLY) 

PULL-UP J 
RESISTOR 5 



ONE-SHOT 
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FIGURE 4. Functional Block Diagram of the VFC32. 

specific applications. To determine the total accuracy 
drift over temperature, the drift coefficients of external 
components (especially Ri and Ci) must be added to the 
drift of the VFC32. Above 200kHz, it is recommended all 
grades be operated below +85"C. Higher duty cycle (up to 
50%) and higher output transistor collector current (up to 
15mA) will be required. Linearity will, however, be 
degraded. 

RESPONSE 

Response of the VFC32 to changes in input signal level is 
specified for a full scale step, and is 1 microsecond plus I 
pulse of the new frequency. For a 10 volt input signal step 
with the VFC32 operating at lOOkHz full scale, the 
settling time to within ±0.01% of full scale is II 
microseconds. 

THEORY OF OPERATION 

The VFC32 monolithic voltage-to-frequency converter 
provides a digital pulse train output whose repetition rate 
is directly proportional to the analog input voltage in 
Figure 4. 

Essentially, the input amplifier acts as an integrator that 
produces a 2-part ramp. The first part is a function of the 
input voltage, and the second part dependent on the 
current sink. When a positive input voltage is applied at 
ViN, a constant current will flow through the input 
resistor, causing the voltage at fiN to ramp down toward 
zero, according to dV/dt = Vin/ RiCi. During this time, 
the constant current sink is disabled by the switch. Note, 
this period is only dependent on Vin and integrating 
components. When the ramp reaches a voltage close to 
zero, the comparator will cause the one-shot to fire. The 
one-shot period is determined by an internal 7,5V 
reference and Ci. The fom signal will then change logic 
states, going from a "0" to a " 1 ", and the switch will close. 



enabling the constant current sink. The ramp voltage will 
then change direction and begin to ramp up. Since 
Vin/ Ri is always set up to be less than 1mA, the current in 
the integrating capacitor will flow toward the summing 
junction, and the ramp voltage rate of change will be; 



Vin 
Ri 



-1mA 



dV 

dt Cz. 

Before the ramp voltage can saturate the input amplifier, 
the one-shot will reset, disabling the current sink, 
changing the output state back to logic "0", and restarting 
the cycle. Since the integrating capacitor C2 affects both 
the rising and falling segments of the ramp voltage, its 
tolerance and temperature coefficient do not affect the 
output frequency. It should, however, have a leakage 
current that is small compared to Vin/Ri, since this 
parameter will add directly to the gain error of the VFC. 
Ci, which controls the one-shot period, should be very 
precise since its tolerance and temperature coefficient 
add directly to the errors in the transfer function. 
To operate the VFC32 as a highly linear frequency-to- 
voltage converter, open the connection between Vout and 
fiN, and connect Vin to Vout. The input frequency should 
be coupled through a capacitor to fiN, and a positive 
output voltage proportional to fiN will be generated at the 
Vout connection. For details see Installation and Opera- 
ting Instructions. 

The total VFC period is determined by the following 
equations, which is shown graphically in Figure 5. 



to ^ 



t = ti 4- 12 and i = c dv/dt 
C2 



ca 

CO 

O 

> 



t = AVouTti 



Vin/(Ri) 



+ AVoUTt2" 



V,N/(Ri)-lmA 
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INTEGRATOR 
VFC OUTPUT OUTPUT 
^OUT ^OUT 












\.^ 


/ 


X 


' > 


I 




«z 






1 



FIGURE 5. Integrator and VFC Output Timing, 
and: 

-AVoUTtl = +AVoUTt2 

t2 - Ci-r — r- 
1mA 

The equations reduce to: 

V,N 



fo=- 



7.5(R,) C, 



DUTY CYCLE 

The duty cycle (D) of the VFC is the ratio of the one-shot 
period (t2) or pulse width, PW, to the total VFC period (ti 
+ t2). It is measured at the full scale input voltage, which 
gives the full scale output frequency, Ffs. 

t2 



D = 



PW = 



tl+t2 
P 

Ffs 



PW X Ffs 



Duty cycle is related to the maximum input current and 
the 1mA (nominal) current sink. By reducing the equa- 
tions for t2 and fo: 



D = 



ViN max/(Ri) Iin max 



1mA 



1mA 



A 25% duty cycle or less is recommended to achieve the 
best linearity. This corresponds to a maximum input 
current of 0.25mA. However, for frequencies above 
200kHz a higher duty cycle (up to 50%) will provide more 
stable high temperature operation at a sacrifice in 
linearity. 

In general, designs with the VFC32 include: ( I ) Choosing 
Fmax, (2) Choosing the duty cycle ( D = 0.25 typically), (3) 
Determining the one-shot PW, and (4) Calculating Ci, 
C2, Ri, R2, and R3. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

The VFC32 can be connected to operate as a V/F 
converter that will accept either positive or negative input 
voltages, or an input current. Refer to Figures 6 and 7. 



GAIN ADJ. 



INTEGRATOR CAP. 



C>■iAH^A^/v♦-i-^^ 



R3 RI 
♦15VO 



NC[T 
T NC[T 



-I5V< 
OFFSET ADJ. 



ONE SHOT 



R2- ^ 

o— y/v— p^ — 17 



LOAD 



V* I, 

'BYPASS 
WITH0.01axF 



IT 

mi 




ONE 
SHOT 



PIN NUMBERS IN SQUARES REFER TO DIP 



FIGURE 6. Connection Diagram for V/F Conversion, 
Positive Input Voltages. 



GAIN ADJ. 



INTEGRATOR CAP 



± R3 RI • 



j)+15V 

i R4 
R54— VWJ 

6-I5V 
OFFSET ADJ. 



NcfT 
NC[T 

c'Cl 



"CC 



ONE SHOT 
CAP[J~ 



HZ 
T"' »c[T 

V+ R2 " , 



'loaoT6«out 

•BYPASS 
WITH 0.01/uF 




PIN NUMBERS IN SQUARES REFER TO DIP 



FIGURE 7. Connection Diagram for V/F Conversion, 
Negative Input Voltages. 

Differential inputs are also possible (in Figure 7 lift 
ground on R3 and drive R3 and pin 14 differentially). 
Note, no CMR will be present. 

The full scale frequency and full scale input voltage 
(current) are established by the selection of values for R 1 , 
C2, and CI. Most applications will require a gain 
adjustment pot (R3), but the offset adjust network (R4, 
R5) can be omitted if input offset voltages of 1 m V to 4m V 
can be tolerated. R2 is an output pull up resistor and its 
value depends on the pull up voltage and output drive 
requirements. 

EXTERNAL COMPONENT SELECTION CRITERIA 

One-shot Capacitor, CI. This capacitor determines the 
duration of the output pulse, and is a function of the full 
scale frequency, according to this equation: 
Cl(pF) = 33xlOVfMAx-30 
Above 425kHz use 47pF 
Select the closest standard value to the capacitance given 
by the equation. The initial tolerance of this capacitor is 
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0.0001 0.001 0.01 0.1 

Capacitance CI (mF) 



FIGURE 8. Output Pulse Width (D = 0.25) and Full 
Scale Frequency vs External One-shot 
Capacitance. 

not critical since R3 will be adjusted to remove initial gain 
errors. The temperature drift is critical, since it will add 
directly to the errors in the transfer function. An NPO 
ceramic type is recommended. Every effort should be 
made to minimize the parasitic capacitance at this 
connection to the VFC32 and CI should be mounted as 
close as possible. Figure 8 shows pulse width and FS 
frequency for various values of CI. 

Input Resistor Rl and R3. Rl and R3 determine the 
magnitude of the current which charges the integrator 
capacitor. It is a function of the full scale input voltage, 
according to this equation for 25% duty cycle. 

Rl (ka) [90% - % tolerance CI] x Vin max/0.25mA 
Rl is scaled down by [1 -(initial CI tolerance + 0.1)] to 
allow the addition of a series gain adjusting pot, R3. 

R3 (kH) = Vin max/0.25mA - Ri 

Rl should have a very low temperature coefficient since 
this drift adds directly to the errors in the transfer 
function. If the input signal is a current rather than a 
voltage, Rl and R3 should be replaced with a short 
circuit, and the full scale input current should be 0.25mA 
(25% duty cycle). Removal of gain error then requires 
adjustment of CI. 

Integrating Capacitor C2. C2 is a function of the full scale 
frequency, according to this equation: 

C2(mF) = lO'/fMAx below lOOkHz 

O.OOl/uF min above lOOkHz 

Select the closest standard value to the capacitance given 
by the equation. The initial tolerance and temperature 
stability are not critical since these errors do no affect the 
transfer function. Since the leakage current of the 
capacitor introduces a gain error, select a capacitor with 
leakage that is small compared to the full scale input 
current e.g., 0.25mA. A mylar type is recommended. 

Output Pull Up Resistor R2. The open collector output 



can sink up to 8mA and still be TTL-compatible. Select 
R2 according to this equation: 

R2 min (H) = VpuLLUp/(8mA - iLOAo) 
A 10% carbon composition resistor is suitable for use as 
R2. 

Operation above 200kHz up to 500kHz requires higher 
duty cycles up to 50% (Im = 0.5mA) and a pull-up resistor 
that permits 15mA to flow in the output transistor. At 
this speed, capacitive loading should be minimized to 
lOOpF or less to allow the output voltage time to rise to 
logic one. Due to the large collector current, the logic 
zero may rise above +0.4V. This may require an interface 
circuit such as diode clamp or voltage comparator for 
coupling to TTL inputs. Note, that linearity will degrade. 
Also, it is recommended to stay below +85"C at high 
frequencies. 

FREQUENCY-TO-VOLTAGE CONVERSION 

To operate the VFC32 as a frequency-to-voltage con- 
verter, connect the unit as shown in Figure 9. To interface 
with TTL-logic, the input should be coupled through a 
capacitor, and the input to pin 1 biased near +2.5 V. The 
converter will detect the falling edges of the input pulse 
train as the voltage at pin 10 crosses -0.6V. Choose C3 for 
appropriate value of t (see Figure 9). For input signals 
with amplitudes less than 5V, pin 10 should be b-'^^ed 
closer to zero, to insure that the input signal at pin 10 
crosses the -0.6V threshold. Errors are nulled following 
the procedure given on this page, using 0.00 IX full scale 
frequency to null offset, and full scale frequency to null 
the gain error. Use equations from V/ F calculations to 
find Rl, R3, R4, Rs, Ci and C2. 

POWER SUPPLY CONSIDERATIONS 

The power supply rejection ratioof the VFC32 is 0.0 15% 
of FSR/% max. To maintain ±0.015% conversion. 



PIN NUMBERS IN SQUARES REFER TO DIP 



*BYPASS WITH 0.01 mF 
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FIGURE 9. Connection Diagram for F/V Conversion. 
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power supplies which are stable to within ±l9r are 
recommended. These supplies should be bypassed as 
close as possible to the converter with 0.01 /xF capacitors. 

Current in the foui pin (logic sink current) flows in the 
common connection (pin 11 of DIP package). It is 
advisable to separate this common lead ground from the 
analog ground associated with the integrator input to 
avoid errors produced by logic current flowing through 
any ground return impedance. 

Trimming Components R3, R4, R5. 
R5 nulls the offset voltage of the input amplifier. It 
should have a series resistance between lOkH and lOOkO 
; and a temperature coefficient less than 100ppm/"C. R4 
can be a 20% carbon composition resistor with a value of 
lOMH. 

R3 nulls the gain errors ofthe converter and compensates 
for initial tolerances of Rl and CI. Its total resistance 
should be at least 20% of Rl, if Rl is selected 10% low (see 
Rl equation). Its temperature coefficient should be no 
greater than five times that of R 1 , to maintain a low drift 
ofthe R3 - Rl series combination. 

OFFSET AND GAIN ADJUSTMENT PROCEDURES 

To null errors to zero, follow this procedure: 

1 . Apply an input voltage that should produce an output 
frequency of 0.001 X full scale. 

2. Adjust R5 for proper output. 

3. Apply the full scale input voltage. 

4. Adjust R3 for proper output. 

5. Repeat steps 1 through 4. 

If nulling is unnecessary for the application, delete R4 and 
R5, and replace R3 with a short circuit. 

DESIGN EXAMPLE 

Given a full scale input of + 10V, select the values of Ri, 
R2, R^, Ci, and C2 for a 25% duty cycle at lOOkHz 
maximum operation into one TTL load. See Figure 6. 



Selecting Ci 

C, = 33 X 10' / fMAx - 30 

= 33x 10' / lOOkHz-30 

= 300pF 
Choose a 300pF NPO ceramic capacitor with ±1% 
tolerance. 
Selecting Ri and R3 (for D^ 0.25; for D = 0.5 use 0.5mA) 
Rl = [90% - % tolerance of Ci] x Vin max / 0.25mA 

= [0.9-0.1] X 10V/0.25mA 

= 32kn 

Choose a 32.4kn metal film resistor with ±1% 

tolerance. 

R.= 10V/0.25mA- R, 

= 8kn 
Choose a 10k(l cermet potentiometer 
Selecting C2 
C2 = 10"/ Fmax 

= lO'/lOOkHz 

= 0.001mF 

Choose a O.OO 1 /x F mylar capacitor with ±5% tolerance. 
Selecting R2 

R2 = VpLLLUp/(8mA - iLOAo) 

= 5V/(8mA - 1.6mA), one TTL-load = 1.6mA 

= 78in 

Choose a 750n 1/4-watt carbon composition 
resistor with ±5% tolerance. 



TYPICAL APPLICATIONS 

Excellent linearity, wide dynamic range, and compatible 
TTL, DTL, and CMOS digital output make the VFC32 
ideal for a variety of VFC applications. High accuracy 
allows the VFC32 to be used where absolute or exact 
readings must be made. It is also suitable for systems 
requiring high resolution up to 12-bits. 
Figures 10 - 14 show typical applications ofthe VFC32. 
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FIGURE 10. Inexpensive A/D with Serial Transmission of Digital Data. 
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FIGURE 11. Inexpensive Digital Panel Meter. 
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FIGURE 12. Remote Transducer Readout via Fiber Optic Link (analog and digital output). 
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FIGURE 13. Bipolar input is accomplished by offsetting 
the mput to the VFC with a reference 
voltage. Accurately matched resistors in 
the REFlOl provide a stable half-scale 
output frequency at zero volts input. 



FIGURE 14. Absolute value circuit with the VFC32. Op 
amp, Di and Qi (its base-emitter junction 
functioning as a diode) provide full-wave 
rectification of bipolar input voltages. VFC 
output frequency is proportional to |ei|. 
The sign bit output provides indication of 
the input polarity. 
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BURR>BROWN » ^|gjpi""| 'Pi VFC42 

^^^ YFC52 





VOLTAGE-TO-FREQUENCY AND 
FREQUENCY-TO-VOLTAGE CONVERTER 



FEATURES 

• V/F OR F/V CONVERSION 

• TWO FREQUENCY RANGES 

10kHz (VFC42) 
100l(Hz(VFC521 

• LOW NONLINEARITY 

±0.01% max (VFC42I 
±0.05% max (VFC52) 

• MINIMAL EXTERNAL COMPONENTS REQUIRED 

Add only one external resistor for V/F operation 

• 6 DECADE DYNAMIC RAN6E 

• OUTPUT DTL/TTL/CMOS COMPATIBLE 



DESCRIPTION 

VFC42 and VFC52 are hybrid microcircuits which 
can be connected as voltage-to-frequency or 
frequency-to-voltage converters. They provide a 
simple, low cost method of converting analog signals 
into an equivalent digital form. The digital output is 
an open collector which can be made compatible 
with DTL, TTL, or CMOS logic. The output is a 
train of constant-amplitude, constant-width pulses 
whose repetition rate is proportional to the amplitude 
of the analog input voltage. In the frequency-to- 
voltage mode the pulses become the input and the 
proportional DC voltage, the output. 

Both models are offered in epoxy (-25® C to +85° C) 
and hermetic metal (-25° C to +85° C and -55° C to 
+125°C) 14-pin DIP packages. 
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THEORY OF OPERATION 



VFC42 and VFC52 hybrid voltage-to-frequcncy conver- 
ters provide a digital pulse train output whose repetition 
rate is directly proportional to the analog input voltage. 
To understand the circuit*s operation see Figure 1. 
The input amplifier is connected in an integrator config- 
uration. When a positive input voltage is applied at Vm, 
a constant current flows through the input resistor 
causing voltage at fm to ramp down toward zero, 
according to dV/dt = V1N/R1C2. During this time the 
constant current sink is disabled by the switch. When the 
ramp reaches zero volts, the comparator causes the one- 
shot to fire. The fout signal then changes states, going 
from logic to logic 1 and the switch closes, enabling the 
constant current sink. Ramp voltage then changes direc- 
tion and begins to ramp up. Since Vin/ Ri is always set to 
be less than 1mA, current in the integrating capacitor 
flows toward the summing junction and ramp voltage 



range of change will be 

dV 
dt 



l^KlmA 



Before the ramp voltage can saturate the input amplifier, 
the one-shot resets, disabling the current sink, changing 
the output state back to logic and restarting the cycle. 
To operate VFC42 and VFC52 as highly linear frequency- 
to-voltage converters, open the connection between Vout 
and Fin and connect Vw to Vout. The input frequency 
should be coupled through a capacitor to fm. A positive 
output voltage proportional to fm will be generated at 
the Vout connection. An external capacitor connected 
between pins 13 and 14 (paralleling C2) should be added 
ti> reduce output ripple. Refer to Operating Instructions 
for detailed information on F/ V operation. 
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FIGURE I. Functional Block Diagram. 



DISCUSSION OF SPECIFICATIONS 

LINEARITY 

Linearity, the maximum deviation of the actual transfer 
function from a straight line drawn between the end 
points (full scale input and zero input), is the true 
measure of a FVC's performance and is a function of full 
scale frequency. The high linearity of VFC42 and VFC52 
makes these devices an excellent choice for use in A/D 
converters with 10 (0.05%) and 12 bit (0.012%) accuracy 
and for highly accurate analog data transfer over long 
lines in noisy environments. 



FREQUENCY STABILITY VS TEMPERATURE 

Frequency stability vs temperature is expressed as parts 
per million of full scale range per ^C. Since frequency 



drift is a function of the specified temperature range, the 
**SM** models will meet the lower driift specifications of 
the "BM" models over the narrower -25® C to +85° C 
temperature range. Error sources do not drift linearly 
over temperature, consequently the units drift much less 
at higher temperatures. 

RESPONSE TIME 

Response time of VFC42 and VFC52 to input signal 
level changes is specified for a full scale step and is l/usec 
plus 1 period of the new frequency. Typical settling time 
to within rated linearity for a positive input voltage step 
of -HlOV is lOlMsec for VFC42 and llfisec for VFC52. 
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SPECIFICATIONS 



ELECTRICAL 

Specifications at Ta = 



+25** C, and ±15VDC power supplies unless otherwise noted. 



MODEL 


VFC42 


VFC52 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Full Scale Frequency 




10 






100 




kHz 


INPUT 1 


Analog Input (V/F) 
















Voltage Range 







10 







+10 


V 


Current Range 







+0.25 







+0.25 


mA 


Input Bias Current (pin 14) Inverting Input 




6 


8 




6 


8 


nA 


Input Offset Voltage (trimmable to zero) 




100 


200 




100 


200 


/iV 


Input Impedance (pin 1) 


32 


40 


48 


32 


40 


48 


kQ 


Frequency Input (F/V) (pin 10) 
















Logic LSvels: Logic "0" 


-Vcc 




-0.6 


-Vcc 




-0.6 


V 


Logic "1" 


+1.0 




+Vcc 


+1.0 




+Vcc 


V 


Pulse Width Range (ta, Fig. 6) 


0.1 




15 


0.1 




1.5 


/isec 


Impedance 


111 10 


1.2 11.10 




11110 


1.2 II 10 




MQ II pF 


TRANSFER CHARACTERISTICS | 


Transfer Functions 


foi 


,T = V,N (1.00X10') 


fou 


T = V,N (1.00 X 10*) 


Hz 




VouT = fiN (10 X 10-) 


VoUT = flN(10X10"») 


VDC 


Accuracy 
















Full Scale Gain (adjustable to zero) 




01 


0.2 




0.1 


0.2 


% 


Linearity Error: 0.01 Hz < F < 10kHz 




0.005 


0.01 








% of FSR"' 


0.1Hz < F < 100kHz 










0.025 


0.05 


% of FSR 


Offset Error (pin 1) 




001 


0.002 




0.001 


0.002 


% of FSR 


Power Supply Sensitivity'*' 






0.015 






0.015 


% Of FSR/% 


Temperature Stability 
















Analog Input 
















Full Scale Drift (gain and offset) 
















Grade: BP (hot/cold)'"' 




±15/±50 


±30/±100 




±20/±50 


±30/±150 


ppm/"»C 


BM 




±15/±50 


±30/±100 




±20/±50 


±30/±150 


ppm/'C 


SM 




±30/±60 


±50/±100 




±30/±60 


±50/±150 


ppm/'C 


Offset Drift 
















Grade: BP 




±1 


±3 




±1 


±3 


ppmofFSR/«C 


BM 




±1 


±3 




±1 


±3 


ppmof FSR/**C 


SM 




±1 


±3 . 




±1 


±3 


ppmofFSR/'C 


Frequency Input 
















Full Scale Drift (gam and offset) 
















Grade. BP (hot/cold)'" 




±15/±50 


±30/±100 




±20/±50 


±30/±150 


ppm/'C 


BM 




±15/±50 


±30/±100 




±20/±50 


±30/±150 


ppm/*C 


SM 




±30/±60 


±50/±100 




±30/±60 


±50/±150 


ppm/'C 


Dynamic Response 
















Settling Time to within linearity 
















specification for full scale input step 


1 period 


of new frequency + l^/sec 


1 period ( 


)f new frequency + 1/isec 




Overload Recovery Time 


1 period 


of new frequency + 1/isec 


1 period < 


>f new frequency + l/Loec 




OUTPUT 1 


Voltage Output 
















Voltage Range (lo < 5mA) 


Oto+10 






Oto+10 






V 


Output Current (Vo<7V) 


+10 






+10 






mA 


Output Impedance (closed loop) 






1 






1 





Capacitive Load 






100 






100 


pF 


Frequency Output (open collector) 
















Pulse Characteristics: Logic "1" 






+VPULL-UP 






+VPULL-UP 


V 


Logic "0" (at lo < -8mA) 







+0.4 







+0.4 


V 


Pulse Width 


20 


25 




2.0 


2.5 




/isec 


Output Sink Current (Logic "0". < 4V> 






8 






8 


mA 


Output Leakage Current (Logic "1") 






1 






1 


M 


Fall Time (lour = -5mA, Cload = 500pF) 






400 






400 


nsec 


POWER SUPPLY REQUIREMENTS | 


Rated Supplies 




±15 






±15 




V 


Supply Range 


±9 




±20 


±9 




±20 


V 


Supply Dram (independent of operating frequency) 




±6.5 


±7.5 




±6.5 


±7.5 


mA 


TEMPERATURE RANGE | 


Specification: BP, BM 


-25 




+85 


-25 




+85 


"C 


SM 


-55 




+125 


-55 




+125 


»C 


Operating BM, SM 


-55 




+125 


-55 




+125 


»c 


BP 


-55 




+100 


-65 




+100 


OC 


Storage. BM, SM 


-55 




+125 


--55 




+125 


»C 


BP 


-25 




+85 


-25 




+85 . 


»C 



NOTES: (1 ) % Of FSR = % of Full Scale Range, 
lowest rated temperature to +20° C. 
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ABSOLUTE MAXIMUM RATINGS 



CONNECTION DIAGRAMS 



^upply Voltages 


±22V 


Output Sink Current (F«utput) 


50mA 


Oatput Current (VMrtpm) 


+20mA 


Input Voltage. Pin 14 


±Supply 


Input Voltage, Pin 1 


±Supply 


Storage Temperature Range 




Grade: BM.SM 


-55X to +125*C 


BP 


-25Xto+85»C 



MECHANICAL 




VFC42BM, VFC42SM 
VFC52BM, VFC62SM 



Hermetic Metal Package 
14-Pln DIP 



u 



T1.S- 



1~^ 


« 


L„ 


t::;;;::t 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


860 


880 


2184- 


22 35 


B 


490 


510 


12 46 


12 95 


c 


170 


250 


4 32 


6 35 


o 


016 


021 


41 


53 


G 


100 BASIC 


2.54 BAS,IC 1 


H 


,115 


155 


2 92 


3 94 


K 


150 


300 


3 81 


7 62 


L 


300 BASIC 


7 62 BASIC 


R 


060 1 120 


2 03 1 3 05 



Pin numb«ri (hown for r*f«r«nc« only 
Numb«r$ ara not markad on package 



Tolerance (inches): .xxx ±0.005; .xx ±0.02 

Connector: 14-pin DIP (145MC) 

Case Material: Base - gold plated kovar. Cap - nickel-plated kovar or steel 

Pin material and plating compositions: Conforms to MIL-STD-683, Method 

2003 (solderability) except paragraph 3.2 (aging). 
Hermeticity: Conforms to MIL-STD-683. Method 1014. Condition C. Step 1. 

Fluorocarbon (gross leak). 



\3 



VFC42BP, VFC52BP 

Epoxy Package 
14-Pln DIP 

Pin material and plating composition: 
Conform to Method 2003 (solderability) 
o.not.s Pin 1 of MIL-STD-883 (except paragraph 3.2). 



felt 



r""* 




«— H 






^ 1 


t 











Pin number! ihown for rcfarcnca only. 
Numbart art not markad on packaga. 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


.790 


.810 


20.07 


20.67 


8 


.490 


.510 


12.45 


12.95 


c 


.190 


.260 


4.83 


6.60 


D 


.018 


.021 


0.46 


0.53 


G 


.100 BASIC 


2.54 BASIC 1 


H 


.080 


.115 


2.03 


2.92 


K 


.130 


.300 


3.30 


7.62 


L 


.300 BASIC 


7.62 BASIC 


R 


.080 1 .115 


2.03 1 2.92 



Tolerance (inches): .xxx ±0.005 

.XX ±0.02 
Connector: 14-pin DIP (145MC) 
Case Material: Epoxy 



V/F 



6AIN ADJUST (OPTIONAL) 







F/y 



I ADJUST lOPnOMLI 




V) 

cc 

UJ 

H 

tc 
m 

> 
z 
o 
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>- 
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z 

UJ 
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UJ 
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OPERATING INSTRUCTIONS 

VFC42 and VFC52 can be connected for either V/F or 
F/V operation. Only one external component, the output 
pull-up resistor, is required for V/F operation. F/V 
operation requires the pull-up resistor and input biasing 
components. Gain error is the most significant error in 
either configuration apd may be nulled out with the 
optional/ trim circuit (Rx and Ry). The offset error is 
laser trimmed at the factory and no external adjustment 
is required. 

Power Supply Consideration : Power supplies stable to 
within ±1% are recommended to maintain conversion 
accuracy. Each supply should be bypassed with O.Ol/xF 
capacitors located as close to the VFC as possible. 

VOLTAGE-TO-FREQUENCY OPERATION 

Calculatin g the Value of PuU-Up Resistor , Rp: The open 
collector output can be used to drive DTL, TTL, CMOS 
or discrete circuits. The maximum collector current 
allowed for TTL circuits in logic is 8mA. Rp may be 
calculated by this equation: 

Rp min = V pull-up/ (8mA ~ Iload). 
A 10% carbon composition resistor is suitable for this 
purpose. The collector current may be as great as 30mA 
if a logic voltage of l.OV is tolerable. 

Gain Ad j ustment Procedure: Connect Rx and Ry as 
shown in Connection Diagram. Apply positive full scale 
voltage to the input and adjust Rx until lOkHz ±lHz 
(VFC42) or lOOkHz ±10Hz (VFC52) is obtained at four. 
Rx and Ry should have temperature coefficients of 
<500ppm. These external components will add less than 
5ppm/°C to temperature drift. 

FREQUENCY-TO-VOLTAGE OPERATION 

In put Characteristics: VFC42 and VFC52 can be connec- 
ted as frequency-to-voltage converters asi shown in 
Connection Diagram, fm should be a positive pulse train 
with minimum pulse width of l.O/isec and rise and fall 
times of < 300nsec. The input train (fm) is differential 
and applied to the input of the comparator (pin 10) (see 
Figure 2). Threshold voltage of the comparator lies 
between --0.6 and +1.0 V. When comparator input is less 
than —0.6V it triggers the one-shot. 

Selectin g Ra, Rb» and Ca Input components Ra, Rb and 
Ca are selected so that the trigger voltage (Vt) is more 
negative than H).6V and transition time (t2) is between 

TABLE I. F/V Input Component Selection 



Input 
Type 


V,NiniT(V) 


Vmas 
(V) 


VFC42 


VFC52 1 


Low 


High 


Ra 
(kQ) 


Rb 
(kO) 


Ca 
(PF) 


Ra 
(kO) 


R. 
(0) 


Ca 
(PF) 


TTL 


<+0A 


>+2.8 


+1.1 


12 


1.0 


1000 


8.2 


680 


680 


5V 
CMOS 


<-H).5 


>+4.5 


+1.2 


18 


1.6 


2200 


9.1 


820 


680 


10V 
CMOS 


<+1.0 


>+9.0 


+1.1 


12 


1.0 


2200 


6.2 


510 


680 


15V 
CMOS 


<+1.5 


>+13.5 


+1.1 


12 


1.0 


2200 


6.2 


510 


680 



O.Bfisec and IS^sec for VFC42 and between O.B/usec and 
l.S/Ksec for VFC52. Table I give values for input compo- 
nents for several common signal sources. Values for Ra, 
Rb and Ca may be selected by the user when input signal 
characteristics differ from those listed. Conditions de- 
scribed above for trigger voltage and transition time 
must be observed. 

Equations to calculate trigger voltage and transition 
time are: 



VT=VB + Vi„(e-*i/r-l) 

t.= -nn[,-t:=^ 



:] 



•Vi„(e-Vr-l)^ 
Vb = Bias voltage on pin 10 
Vin = Input pulse amplitude 

ti = Input pulse width 

r = Time constant of Ra, Rb Ca as connected 



If input pulse amplitude is greater than +Vcc — IV, a 
voltage larger than + Vcc will be applied to pin 10. Since 
this may damage the iinit, a diode Connected across Ra 
with the cathode tied to +Vcc is required. 
Output Characteristics: Selecting Cb: Output ripple 
voltage amplitude is inversely proportional to the input 
frequency and to the value of the integrating capacitance, 
C2 + Cb. Conversely, time required for the output to 
settle is directly proportional to the value of C2 + Cb and 
is least with small values of C2 + Cb. There is, therefore, 
a trade-off between output ripple amplitude and output 
settling time. 

Because ripple amplitude is greatest at lowest input 
frequency it is at this point where the trade-off will 
usually be made. Ripple voltage and integrating capaci- 
tance value are related in this manner: 



^ -(25 X 10-^)t.ec , ^ 
Cb = -^^ rr farads 

I _ VRipple-, 



ln[l- 



30V 



-] 



where t is equal to 25/«sec in the VFC42 and 2.5/isec in 
the VFC52 and C is the integrating capacitance. 
Calculating output response time versus integrating 
capacitance is an iterative process and is plotted in 
Figure 3. These curves are for zero to full scale input 
frequency transitions. If faster response time with lower 
ripple voltage is desired, a low-pass filter can be 
connected in series with the output. 
Gain Ad j ustment Procedure : Connect Rx and Ry as 
shown in Connection Diagram. Apply full scale fre- 
quency to the input and adjust Rx until the full scale 
voltage is +10V ±lmV (discounting ripple). Rx and Ry 
should have temperature coefficients of < SOOppm. 
These external components Will add less than 5ppm/®C 
to temperature drift. 
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FIGURE 2. F/ V Input Waveforms. 



APPLICATION 

VFC42 and VFCS2 can be used to convert analog data 
into a digital pulse train for transmission over long lines 
through high EMI environments. Illustrated in Figure 4 
is a V/F, F/V combination that can be used to transmit 



FIGURE 3. F/V Mode Output Settling Time vs. Ripple 
Voltage Amplitude for Full Scale Frequency 
Change. 

analog data of to +10V over a lOOfl shielded, twisted- 
pair. The voltage ripple amplitude at the output will be 
lOmV for a lOV output and the settling time for a full 
scale to +10V change is 60 milliseconds. 
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FIGURE 4. V/F, F/V Data Transmission Circuit. 
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VFC62 



m^ 



^><!' 






^l 



Voltage-to-Frequency 

and Frequency-to-Voltage 

CONVERTER 



FEATURES 

• HIGH LINEARITY. 12 to 14 bits 

±0i)05% max at 10kHz FS 
±0.03% max at 100kHz FS 
±0.1%typat1MHzFS 

• 6-OECADE DYNAMIC RANGE 

• 20ppm/<»C max GAIN DRIFT 

• OUTPUT DTL/TTL/CMOS COMPATIBLE 

• ACTIVE PULL-UP OUTPUT 

DESCRIPTION 

The VFC62 monolithic voltage-to-frequency and 
frequency-to voltage converter provides a simple low 
cost method of converting analog signals into digital 
pulses. The digital pulse train repetition rate is 
proportional to the amplitude of the analog input 
voltage. In the noise-immune digital form the analog 
signal may be transmitted long distances without 
degradation. It may be converted to a binary number 
with a counter or microprocessor or may be returned 



APPLICATIONS 

• INEXPENSIVE A/D AND D/A CONVERTER 

• DIGITAL PANEL METERS 

• 2WIRE DIGITAL TRANSMISSION WITH NOISE 

IMMUNITY 

• FM MOD/DEMOD OF TRANSDUCER SIGNALS 

• PRECISION LONG TERM INTEGRATOR 

• HIGH RESOLUTION OPTICAL LINK FOR ISOLATION 

• AC LINE FREQUENCY MONITOR 

• MOTOR SPEED MONITOR AND CONTROL 

to analog form using a frequency-to-voltage con- 
verter. 

The digital output is an active pull-up type which 
provides better load driving capability than the usual 
open collector outputs. Output pulses are DTL, TTL 
and CMOS compatible. High accuracy (±0.005% 
max nonlinearity at lOkHz) is achieved with relatively 
few external components. Only one resistor and two 
capacitors are required. 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25*>C and ±15VDC power supply unless otherwise noted 



CHARACTERISTICS 


CONDITIONS 


VFC62BG/BM/SM 


VFC62CG/CM 




MIN 


TYP 


MAX 


MIN 1 TYP 1 MAX 


UNITS 


V/F CONVERTER fouT = 


Vin/7 5 RiCi, Figure 4 






1 


INPUT TO OP AMP 


















Voltage Ranged) 


Fig 4withe2 = 
Fig 4 with ei = 


>0 
<0 




Note 2 
-10 


. 




. 


V 
V 


Current Range(i) 


liN = Vin/Rin 


+0.25 




+750 


* 






mA 


Bias Current 


















Inverting Input 






4 


8 




• 


* 


nA 


Noninverting Input 






10 


30 








nA 


Offset VoltageO) 








±015 






* 


mV 


Offset Voltage Drift 






±5 










mV/°C 


Differential Impedance 




300 II 5 


650 II 5 




* 






kft II pF 


Common-mode 


















Impedance 




300 II 3 


500 II 3 




* 






kn II pF 


ACCURACY 


















Linearity Error(i)(4)(5) 


Fig 4 with e2 + = 0(6) 


















01 Hz < four < 10kHz 




±0 004 


±0 005 




±0.0015 


±0 002 


% of FSR 




1Hz < four < 100kHz 




±0 008 


±0.03 




* 


* 


% of FSR 




1 Hz < four < 1MHz 




±01 






* 




% of FSR 


Offset Error 


Input Offset VoltageO) 






±15 






* 


ppm of FSR 


Offset Drift(7) 






±0 5 










ppm of FSR/«C 


Gam Error(3) 






±5 


±10 








% of FSR 


Gam Drift(7) 


f = 10kHz 






50 






20 


ppm of FSR/°C 


Full Scale Drift 


f = 10kHz 






50 






20 


ppm of FSR/oC 


(offset drift & 


















galndrift{7)(8)(9) 


















Power Supply Sensitivity 


±Vcc = 14VDC to 18VDC 






±0.015 








% of FSR/% 


DYNAMIC RESPONSE 


















Full Scale Frequency 


Cload < 50pF 




' 


1 








MHz 


Dynamic Range 




6 






* 






decades 


Settling Time 


(V/F) to specified linearity 
for a full scale input step 




Note 10 






. 






Overload Recovery 


< 50% overload 




Note 10 






* 






ACTIVE PULL-UP OUTPI 


JT 
















Voltage, Logic "0" 


IsiNK = 8mA, max 






04 






* 


V 


Voltage, Logic "1" 




Vpu-2 6 




VPU 






•* 


V 


Duty Cycle at FS 


For Best Lineanty 




25 






* 




% 


Fall Time 


louT = 5mA, Cload = 500pF 




100 










nsec 


F/V CONVERTER VouT = 


7.5RiCi Fin, Figures 






1 


INPUT TO COMPARATO 


R 
















Impedance 




50 II 10 


150 11 10 




* 


* 




kn II pF 


Logic "1" 




+1.0 




+Vcc 


* 






V 


Logic "0" 




-Vcc 




-0.05 


* 




* 


V 


Pulse-width Range 




25 






* 






/isec 


OUTPUT FROM OP AMP 


















Voltage 


lo = 6mA 


Oto+10 






* 


• 




V 


Current 


Vo = 7VDC 


+10 






* 






mA 


Impedance 


Closed-loop 






01 






* 


n 


Capacitive Load 


Without oscillation 






100 






* 


pF 


POWER SUPPLY 1 


Rated Voltage 






±15 






* 




V 


Voltage Range, Vcc 




±13 




±20 








V 


Pull-up Voltage 




+3 5 




+Vcc 


* 




* 


V 


Quiescent Current 


not including load current 




±6 


±7 5 




* 




mA 


TEMPERATURE RANGE | 


Specification 








1 








B and C Grades 








-25 to +85 






°C 


S Grade 








-55 to +125 






°C 


Operating 








1 








B and C Grades 








-25 to +85 






«C 


S Grade 








-55 to +125 






OC 


Storage 




-65 




+150 1 -65 




+150 


°C 
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'Specification the same as for VFC62BG/BM/SM 
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NOTES 

1 A 25% duty cycle at full scale (0.25mA input current) is recommended where possible to achieve best linearity. 

2 Determined by Rin and full scale current range constraints. 
3. Adjustable to zero. See Offset and Gam Adjustment section 

4 Lineanty error at any operating frequency is defined as the deviation from a straight line drawn between the full scale frequency and 

1% of full scale frequency See Discussion of Specifications section 
5. When offset and gam errors are nulled, at an operating temperature, the linearity error determines the final accuracy. 

6 For ei = typical linearity errors are 0.01% at 10kHz, 2% at 100kHz 

7 Exclusive of external components dnft 

8 FSR = Full Scale Range (corresponds to full scale frequency and full scale input voltage). 

9 Positive drift is defined to be increasing frequency with increasing temperature. 
10 One pulse of new frequency plus 50nsec typical 



ABSOLUTE MAXIMUM RATINGS 




Supply Voltages 




±20V 


Output Sink Current at four 




50mA 


Output Current at Vout 




+20mA 


Input Voltage, -Input 




±Vcc 


Input Voltage, +lnput 




±Vcc 


Storage Temperature Range 




-650C to +150°C 


Lead Temperature (soldering. 


10 seconds) 


+3000 



MECHANICAL 



VFC62BM, CM/SM 
TO-1 00 PACKAGE 



NOTE' Leads in true position __ 
within 010" (0.25mm) R at MMC t 
at seating plane. '— 

Pin numbers shown fpr reference 
only Numbers may not be 
marked on package. 



DIM 


INCHES 


IWIILLIMETERS I 


MIN 


MAX 


MIN 


MAX 


A 


.335 


370 


8 51 


9 40 


B 


305 


335 


7 75 


8 51 


C 


165 


185 


419 


4 70 


D 


.016 


.021 


0.41 


53 


E 


010 


040 


0.25 


102 


F 


.010 


.040 


25 


102 


G 


230 BASIC 


5.84 BASIC 1 


H 


.028 


.034 


0.71 


0.86 


J 


029 


.045 


,0 74 


1.14 


K 


.500 


— 


12.70 


— 


L 


120 


160 


3.05 


4.06 


M 


36» BASIC 


36° BASIC 


N 


.110 1 .120 


2.79 1 3.05 




VFC62BG/CG 
CERAMIC DUAL-IN-LINE 



NOTE: Leads in true position 
within 010" (0.26mm) R at MMC 
at seating plane. 

Pin numbers shown for reference 
only. Numbers may not be 
marked on package. 




W 



B.-' 



WW^ 



\^-i;*^^JJ[J:.Seam Plane 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


670 


710 


17.02 


18.03 


C 


.065 


170 


1.65 


4 32 


D 


.015 


.021 


038 


0.53 


F 


045 


.060 


1 14 


152 


G 


100 BASIC 


2 54 BASIC 1 


H 


.025 


.070 


0.64 


1.78 


J 


.008 


012 


0.20 


0.30 


K 


.120 


.240 


3.05 


6.10 


L 


.300 BASIC 


7.62 BASIC 1 


M 


- 


10° 


- 


10" 


N 


.009 


.060 


0.23 


1.52 



PIN CONFIGURATIONS 




ONE-SHOT 
CAPACITOR 



V COMPARATOR 
' INPUT 



NO = NO INTERNAL CONNECTION. 
EXTERNAL CONNECTION PERMITTED. 



G PACKAGE 
(DUAL-IN-LINE) 



(TOP VIEW) 



ONE-SHOT rr\ 
CAPACITOR «-^ \ 
VpujT 
fOUT|T 





Jrri COMPARATOR 
22J I 
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DISCUSSION OF 
SPECIFICATIONS 

LINEARITY 

Linearity is the maximum deviation of the actual transfer 
function from a straight line drawn between the end 
points ( 1 00% full scale input or frequency and 0. 1 % of full 
scale called zero). Linearity is the most demanding 
measure of voltage-to-frequency converter performance, 
and is a function of the full scale frequency. Refer to 
Figure 1 to determine typical linearity error for your 
application. Once the full scale frequency is chosen, the 
linearity is a function of operating frequency as it varies 
between zero and full scale. Examples for lOkHz full 
scale are shown in Figure 2. Best linearity is achieved at 
lower gains (Afoux/ AVin) with operation as close to the 
chosen full scale frequency as possible. 
The high linearity of the VFC62 makes the device an 
excellent choice for use as the front end of A/D 
converters with 12- to 14-bit resolution, and for highly 
accurate transfer of analog data over long lines in noisy 
environments (2-wire digital transmission). 



(especially Ri and Ci) must be added to the drift of the 
VFC62 . 
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FIGURE 1. Linearity Error 


vs Full Scale Frequency. 
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FIGURE 2. Linearity Error vs Operating Frequency. 

FREQUENCY STABILITY VS TEMPERATURE 

The full scale frequency drift of the VFC62 versus 
temperature is expressed as parts per million of full scale 
range per °C. As shown in Figure 3, the drift increases 
above lOkHz. To determine the total accuracy drift over 
temperature, the drift coefficients of external components 
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FIGURE 3. Full Scale Drift vs Full Scale Frequency. 

RESPONSE 

Response of the VFC62 to changes in input signal level is 
specified for a full scale step, and is SOnsec plus 1 pulse of 
the new frequency. For a lOV input signal step with the 
VFC62 operating at lOOkHz full scale, the settling time to 
within ±0.01% of full scale is 10/xsec. 

THEORY OF OPERATION 

The VFC62 monolithic voltage-to-frequency converter 
provides a digital pulse train output whose repetition rate 
is directly proportional to the analog input voltage. The 
circuit shown in Figure 4 is composed of an input 
amplifier, two comparators and a flip-flop (forming a 
one-shot), two switched current sinks, and an active pull- 
up output transistor stage. Essentially the input amplifier 
acts as an integrator that produces a two-part ramp. The 
first part is a function of the input voltage, and the second 
part is dependent on the input voltage and current sink. 
When a positive input voltage is applied at Vin, a current 
will flow through the input resistor, causing the voltage at 
VouT to ramp down toward zero, according to dV/dt = 
Vin/RiCi. During this time the constant current sink is 
disabled by the switch. Note, this period is only dependent 
on Vin and the integrating components. 

When the ramp reaches a voltage close to zero, 
comparator A sets the flip-flop. This closes the current 
sink switches as well as changing foui from logic to logic 
1. The ramp now begins to ramp up, and 1mA charges 
through Ci until Vci = -7.5V. Note this ramp period is 
dependent on the 1mA current sink, connected to the 
negative input of the op amp, as well as the input voltage. 
At this -7.5 V threshold comparator B resets the flip-flop, 
and the ramp voltage begins to ramp down again before 
the input amplifier has a chance to saturate. In effect the 
comparators and flip-flop form a one-shot whose period 
is determined by the internal reference and a 1 mA current 
sink plus the external capacitor, Ci. After the one-shot 
resets, four changes back to logic and the cycle begins 
again. 

The transfer function for the VFC62 is derived as follows 
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s/VX/ 




INTE6RATIN8 CAPACITOR 



FOR POSITIVE INPUT VOLTAOES 

USE If. SHORT 92- 
FOR NEGATIVE INPUT VOLTAGES 

USE 62, SHORT i|. 
FOR DIFFERENTIAL INPUT VOLTAGES 
USEi| and 12. 




'^_J1JL_ 



'OUT = 



JlN_ 
7.SR|C] 



PIN NUMBERS SHOWN FOR "M" PACKAGE (T0-100) 



FIGURE 4. Functional Block Diagram of the VFC62. 

for the circuit shown in Figure 4. Detailed waveforms are 
shown in Figure 5. 

I 



foi 



(1) 



tl -t t2 

I n the time ti + 12, the integrator capacitor C2 charges and 
discharges but the net voltage change is zero. 

Thus AQ = = IiN tl + (IiN - Ia) t2 

So that IiN (tl + t2) = Ia t2 

But since ti -f t2 = -——and I 



fou 



" Ri 



fo 



lARlt2 



(2) 
(3) 
(4), (5) 
(6) 



VFC OUTPUT INTEGRATOR ONESHOT 


-7.5V 


\ 


f ' 


\ 
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1 

k 


/ 


^\ 
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♦ >f 














'2 

















FIGURE 5. Integrator and VFC Output Timing. 

In the time t2, Ib charges the one-shot capacitor Ci until 

its voltage reaches -7.5V and trips comparator B. 

Tu . Ci7.5 
Thus t2 = — z 

Using (7) in (6) yields fouT= ^ ^^i"" ^ x ' 



Since Ia = Ib the result is 

f ViN 

^°"^-7.5RiCi 



7.5 RiC, Ia 



(7) 
(8) 



Since the integrating capacitor, C2, affects both the rising 
and falling segments of the ramp voltage, its tolerance 
and temperature coefficient do not affect the output 
frequency. It should, however, have a leakage current 
that is small compared to Im, since this parameter will 
add directly to the gain error of the VFC. Ci, which 
controls the one-shot period, should be very precise since 
its tolerance and temperature coefficient add directly to 
the errors in the transfer function. 

The operation of the VFC62 as a highly linear frequency- 
to-voltage converter, follows the same theory of opera- 
tion as the voltage-to-frequency converter, ei and e2 are 
shorted and Fin is disconnected from Vout. Fin is then 
driven with a signal which is sufficient to trigger 
comparator A. The one-shot period will then be 
determined by Ci as before, but the cycle repetition 
frequency will be dictated by the digital input at Fin. 



DUTY CYCLE 

The duty cycle (D) of the VFC is the ratio of the one-shot 
period (t2) or pulse width, PW, to the total VFC period (ti 
+ t2). For the VFC62, t2 is fixed and ti + t2 varies as the 
input voltage. Thus the duty cycle is a function of the 
input voltage. Of particular interest is the duty cycle at 
full scale frequency, Dfs, which occurs at full scale input. 
Dfs is a user-determined parameter which affects linearity. 

^' -=PWxfFs 



Dfs = 



tl-f t2 



Best linearity is achieved when Dfs is 25%. By reducing 
equations (7) and (9) it can be shown that 



_ ViN max / Ri 

Ufs ; — T 

ImA 



IiN max 
1mA 



Thus Dfs = 0.25 corresponds to Im max = 0.25mA. 



(9) 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 

VOLTAGE-TO-FREQUENCY CONVERSION 

The VFC62 can be connected to operate as a V/F 
converter that will accept either positive or negative input 
voltages, or an input current. Refer to Figures 6 and 7. 



GAIN ADJ. 






+15VP HI 



Hf 



C2 INTEGRATOR CAP. 



l'' 'Pu|Z 




*BYPASS WITH 0.01 mF 



PIN NUMBERS IN SQUARES REFER TO DIP PACKAGE 



FIGURE 6. Connection Diagram for V/F Conversion, 
Positive Input Voltages. 



GAIN ADJ. 



C2 INTEGRATOR CAP. 







i 



,^ INPUT 
/JVJIMP. 




ONE- , K 
SHOT p K 



]2]*Vcc* 

"r|Nc 

T]nc 



*BYPASS WITH 0.01 mF 



PIN NUMBERS IN SQUARES REFER TO DIP PACKAGE 



FIGURE 7. Connection Diagram for V/F Conversion, 
Negative Input Voltages. 



EXTERNAL COMPONENT SELECTION 

In general the design sequence consists of: (1) choosing 
fMAx, (2) choosing the duty cycle at full scale (Dfs = 0.25 
typically), (3) determining the input resistor, Ri (Figure 
4), (4) calculating the one-shot capacitor, Ci, and (5) 
selecting the integrator capacitor C2. 



In put Resistors R 1 and R 3 

The input resistance (Ri and R3 in Figures 6 and 7) is 
calculated to set the desired input current at full scale 
input voltage. This is normally 0.25mA to provide a 25% 
duty cycle at full scale input and output. Values other 
than Dfs = 0.25 may be used but linearity will be affected. 
The nominal value of Ri is 

If gain trimming is to be done, the nominal value is 
reduced by the tolerance of Ci and the desired trim range. 
Ri should have a very-low temperature coefficient since 
its drift adds directly to the errors in the transfer function. 

One-Shot Capacitor, Ci 

This capacitor determines the duration of the one-shot 

pulse. From equation (9) the nominal value is 

^'""""tTrTw ^''^ 

For the usual 25% duty at fMAx = Vin/ Ri = 0.25mA there 
is approximately 1 5pF of residual capacitance so that the 
design value is 



Ci (pF) = 



33 X 10' 
fps 



15 



(12) 



where fps is the full scale output frequency in Hz. The 
temperature drift of Ci is critical since it will add directly 
to the errors of the transfer function. An NPO ceramic 
type is recommended. Every effort should be made to 
minimize stray capacitance associated with Ci. It should 
be mounted as close to the VFC62 as possible. Figure 8 
shows pulse width and full scale frequency for various 
values of Ci at Dps = 25%. 
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FIGURE 8. Output Pulse Width (Dps = 0.25) and Full 
Scale Frequency vs External One-shot 
Capacitance. 
Inte g ratin g Capacitor, C2 

Since d does not occur in the V/F transfer function 
equation (9), its tolerance and temperature stability are 
not important; however, leakage current in d causes a 
gain error. A ceramic type is sufficient for most 
applications. The value of C2 determines the amplitude of 
VouT. Input amplifier saturation, noise levels for the 
comparators and slew rate limiting of the integrator 
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determine a range of acceptable values. 



C2(/xF) = 



^;iffFs^lOOkHz 



(13) 



0.001; if lOOkHz < fps ^ 500kHz 
.0.0005; if fFs> 500kHz 
Trimming Components R3, R4, R5 
R5 nulls the offset voltage of the input amplifier. It should 
have a series resistance between lOkH and lOOkO and a 
temperature coefficient less than 100ppm/°C. R4 can be a 
10% carbon film resistor with a value of lOMH. 
R3 nulls the gain errors of the converter and compensates 
for intitial tolerances of Ri and Ci. Its total resistance 
should be at least 20% of Ri, if Ri is selected 10% low. Its 
temperature coefficient should be no greater than five 
times that of Ri, to maintain a low drift of the R3 - Ri 
series combination. 

OFFSET AND GAIN ADJUSTMENT PROCEDURES 
To null errors to zero, follow this procedure: 

1 . Apply an input voltage that should produce an output 

frequency of 0.001 x full scale. 

2. Adjust R5 for proper output. 

3. Apply the full scale input voltage. 

4. Adjust R3 for proper output. 

5. Repeat steps 1 through 4. 

If nulling is unnecessary for the application, delete R4 and 
R5, and replace R3 with a short circuit. 

POWER SUPPLY CONSIDERATIONS 

The power supply rejection ratio of the VFC62 is 0.0 1 5% 
of FSR/% maximum. To maintain ±0.0 15% conversion, 
power supplies which are stable to within ±1% are 
recommended. These supplies should be bypassed as 
close as possible to the converter with 0.01 mF capacitors. 
Internal circuitry causes some current to flow in the 
common connection (pin 11 on DIP package). Current 
flowing into the four pin (logic sink current) will also 
contribute to this current. It is advisable to separate this 
common lead ground from the analog ground associated 
with the integrator input to avoid errors produced by 
these currents flowing through any ground return impe- 
dance. 

DESIGN EXAMPLE 

Given a full scale input of + 10V, select the values of Ri, 
R2, R3, Ci, and C2 for a 25% duty cycle at lOOkHz 
maximum operation into one TTL load. See Figure 6. 
Selectin g Cj (Dfs = 0.25) 

C, =[(33 X 10')/fMAx] -15 [(66 x 10')/fMAx] -15 

if Dfs = 0.5 

= [(33xlO')/100kHz]-15 

= 3I5pF 
Choose a 300pF NPO ceramic capacitor with 1% to 10% 
tolerance. 

Selectin g Ri and R3 (Dps = 0.25) 
Ri + R3 = ViN max/ 0.25mA Vm max/0.5mA 

if Dfs = 0.5 

= 10V/0.25mA 

= 40kn 



Choose 32.4kn metal film resistor with 1% tolerance and 
R3 = lOkn cermet potentiometer. 

Selecting C2 

C2=I0VF„ax 

= lOVlOOkHz 
= 0.001/iF 
Choose a 0.00 1 a* F capacitor with ±5% tolerance. 

FREQUENCY-TO-VOLTAGE CONVERSION 

To operate the VFC62 as a frequency-to-voltage con- 
verter, connect the unit as shown in Figure 9. To interface 
with TTL-logic, the input should be coupled through a 
capacitor, and the input to pin 10 biased near +2.5V. The 
converter will detect the falling edges of the input pulse 
train as the voltage at pin 10 crosses zero. Choose C3 to 
make t = O.IT (see Figure 9). For input signals with 
amplitudes less than 5V, pin 10 should be biased closer to 
zero to insure that the input signal at pin 10 crosses the 
zero threshold. Errors are nulled following the procedure 
given on this page, using 0.001 x full scale frequency to 
null offset, and full scale frequency to null the gain error. 
Use equations from V/ F calculations to find Ri, R3, R4, 
R5, Ci and C2. 



PIN NUMBERS IN SQUARES REFER TO DIP PACKAGE 




FIGURE 9. Connection Diagram for F/V Conversion. 



TYPICAL APPLICATIONS 

Excellent linearity, wide dynamic range, and compatible 
TTL, DTL, and CMOS digital output make the VFC62 
ideal for a variety of VFC applications. High accuracy 
allows the VFC62 to be used where absolute or exact 
readings must be made. It is also suitable for systems 
requiring high resolution up to 14 bits. 
Figures 10 - 14 show typical applications of the VFC62. 
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FIGURE 10. Inexpensive A/ D with Two- Wire Digital Transmission Over Twisted Pair. 
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FIGURE 1 1. Inexpensive Digital Panel Meter. 



0) 

tc 

UJ 

I- 

lU 

> 
z 
o 
o 

>- 
o 

z 

o 

Ul 

u. 



I 

Ul 

o 

< 



o 

> 



TRANSDUCER 



PRECISION 

DC LEVELS 

DOWNTOIOmV 

FULL SCALE 




'OUT 



VFC82 II n 

V/F -* FOT J 




DIGITAL 
OUTPUT 



FOR 



VFC62 
F/V 



P® 



ANALOG 
OUTPUT 



0.005% LINEARITY 



^ 



I CLOCK I 



BCD 

COUNTER 

' lll l l l llll 

I DRIVER I 

1 1 1 1 1 1 1 1 1 I 

I DISPLAY I 



FIGURE 12. Remote Transducer Readout via Fiber Optic Link (analog and digital output). 
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FIGURE 13. Bipolar input is accomplished by offsetting 
the input to the VFC with a reference 
voltage. Accurately matched resistors in 
the REFlOl provide a stable half-scale 
output frequency at zero volts input. 
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FIGURE 14. Absolute value circuit with the VFC62. Op 
amp, Di and Qi (its base-emitter junction 
functioning as a diode) provide full-wave 
rectification of bipolar input voltages. VFC 
output frequency is proportional to |ei|. 
The sign bit output provides indication of 
the input polarity. 
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VFC100 



AVAILABLE IN 
DIE FORM 



Synchronized 
VOLTAGE-TO-FREQUENCY CONVERTER 



FEATURES 

• FULL-SCALE FREQUENCY SET BY SYSTEM CLOCK. 
NO CRITICAL EXTERNAL COMPONENTS REQUIRED 

• PRECISION 10V FULL-SCALE INPUT. 0.5% MAX GAIN 
ERROR 

• ACCURATE 5V REFERENCE VOLTAGE 

• EXCELLENT LINEARITY. 0.02% MAX AT lOOkHz FS 

0.1% MAX AT IMHz FS 

• VERY-LOW GAIN DRIFT. 50ppm/°C 

APPLICATIONS 

• A/0 CONVERSION 

• PROCESS CONTROL 

• DATA ACQUISITION 

• VOLTAGE ISOLATION 



DESCRIPTION 

The VFCIOO voltage-to-frequency converter is an 
important advance in VFCs. The well-proven charge 
balance technique is used, however, the critical reset 
integration period is derived from an external clock 
frequency. The external clock accurately sets an 
output full-scale frequency, eliminating error and 
drift from the external timing components required 
for other VFCs. A precision input resistor is pro- 
vided which accurately sets a lOV full-scale input 
voltage. In many applications the required accuracy 
can be achieved without external adjustment. 
The open collector active-low output provides fast 
fall time on the important leading edge of output 
pulses, and interfaces easily with TTL and CMOS 
circuitry. An output one-shot circuit is particularly 
useful to provide optimum output pulse widths for 
optical couplers and transformers to achieve voltage 
isolation. An accurate 5V reference is also provided 
which is useful for applications such as offsetting for 
bipolar input voltages, exciting bridges and sensors, 
and autocalibration schemes. 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25"'C and ±15VDC supplies unless otherwise noted 



PARAMETER 


CONDITIONS 


VFC100AG/SG 


VFC100BG 


UNITS 


MIN 


TYP 


MAX 


MIN 1 TYP 


MAX 1 


TRANSFER FUNCTION 


1 




four = fcLOCK X (V,n/20V) 
















Gam Error"' 


FSR = 100kHz 




±0 5 


±1 




±0 2 


±0 5 


% of FSR 


Linearity Error 


FSR = 100kHz. 

over temp 

FSR = 500kHz. Cos = 60pF 

FSR = 1MH7. Cos = 60pF 




±0 01 

±0 015 
±0 025 


±0,025 






±0 02 

±0 05 
±01 


% of FSR 

% of FSR 
% of FSR 


Gam Drift'*' 


FSR = 100kHz 




±70 


±100 




±30 


±50 


ppmof 
FSR/X 


Referred to Internal Vref 






10 


±25 




10 


±15 


ppmof 
FSR/X 


Offset Referred to Input 






±1 


±3 




±1 


±2 ' 


mV 


Offset Drift 






±12 


±100 




±6 5 


±25 


nMrc 


Power Supply Rejection 


Full supply range 






01 








%/y 


Response Time 


to Step Input Change 


One period of new output frequency plus one clock period 






Current-to-Frwiu«ncy Mode 


four = fcLocK X (U/1mA) 
















Gam Error 






±0 5 


±1 




±0 2 


±0 5 


% of FSR 


Gam Drift'*' 






±120 


±200 




±80 


±140 


ppmof 
FSR/'C 




VouT = 20V X (fm/fcLOCK) 
















Gam Accuracy'^' 


FSR = 100kHz 




±0 5 


±1 




±0 2 


±0 5 


% 


Linearity 


FSR = 100kHz 




±0 01 


±0 025 






±0 02 


% 




















Resistance 




198 


20 


20 2 








kO 


Temperature Coefficient (Tc)'*' 






±50 


±100 








ppm/°C 


INTEGRATOR OP AMP | 


Vos"' 






±150 


±1000 








^y 


Vos Drift 






±5 










/iV/X 


Ib 






±50 


±100 




±25 


±50 


nA 


los 






100 


200 




50 


100 


nA 


AoL 


Zload = 5KO/10000pF 


100 


120 










dB 


CMRR 




80 


105 




* 






dBV 


CM Range 




-7 5 




+0 1 






* 


V 


VouT Range 


Zload = 5kO/10000pF 


-0 2 




+12 








V 


Bandwidth 






14 










MHz 


COMPARATOR INPUTS | 


Input Current (operating) |-11V < Vcomparator < +Vcc - 


2V 




s 1 1 


• 


.A 


CLOCK INPUT (referenced to digital common) | 


Frequency (maximum operating) 






40 










MHz 


Threshold Voltage 


Over temperature 


08 


14 


20 


. 






V 
V 


Voltage Range (operating) 




-Vcc + 2V 




+Vcc 








V 


Input Current 


-Vcc < VCLOCK < +Voc 




05 


5 








//A 


Rise Time 








2 








A/sec 


OPEN COLLECTOR OUTPUT (referenced to digital common) 


1 


Vol 


louT = 10mA 






04 








V 


loL 








15 








mA 


loH (off leakage) 


VoH = 30V 




01 


10 






* 


//A 


Delay Time, positive clock edge to 


















output pulse 






300 






* 




nsec 


Fall Time 






100 










nsec 


Output Capacitance 






5 










pF 


OUTPUT ONE-SHOT 


1 


Nominal PWout = (5nsec/pF) X Cos 


- 90nsec 














Pulse Width Out ( Cos = 300pF 


1 


1 4 


2 








/isec 


REFERENCE VOLTAGE | 


Accuracy 


No load 


4 90 


50 


5 10 


4 95 




5 05 


V 


Drift'*' 






±60 


±150 




±40 


±100 


ppm/^C 


Current Output 


(Sourcing capability) 


10 












mA 


Power Supply Rejection 








015 






015 


%/V 


Output Impedance 






05 


2 






* 


n 


POWER SUPPLY 1 


Rated Voltage 






±15 










V 


Operating Voltage Range 


















(see Figure 9) 


+Vcc 
-Vcc 


+7 5 
-7 5 




+28 5 
-28 5 








V 
V 


Total Supply 


+Vcc - (-Vcc) 


15 




36 








V 


Digital Common 




-Vcc + 2 




+Vcc - 4 








1 V ' 


Quiescent Current +lcc 


Over temperature 




106 


15 








mA 


-Ice 






96 


15 








mA 
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ELECTRICAL (CONT) 

At Ta = +25°C and ±15VDC supplies unless otherwise noted 



PARAMETER 


CONDITIONS 


VFC100AG/SG 


VFC100BG 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


TEMPERATURE RANGE 


















Specification 

Storage 

5 Junction— ambient 

5 Junction— case 


AG/BG 

SG 

AG/BG/SG 


-25 
-55 
-65 


150 
100 


+85 

+125 
+150 


• 


* 




°c 

°c 

°c/w 
°c/w 



'Specification same as AG grade 

NOTES (1) Offset and gam error can be trimmed to zero See text. (2) Specified 

diagram in Figure 16 for frequency input signal timing requirements 

MECHANICAL 



r 



I 



U U tvi U U U' IJ ' 



#^ 



NOTE Leads m true posi- 
tion Within .010" ( 25mm) R 
at MMC at seating plane 



Tf-NT • 



^ 



►UD 


■ Seating Plan 


p M 


* ^ 


DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


760 


885 


19 30 


22 48 


B 


220 


280 


5 59 


7 1 1 


C 




200 




08 


D 


015 


023 


38 


58 


f 


030 


070 


;6 


1 78 


G 


100 BASIC 


2 54 BASIC 1 


H 


030 


090 


/6 


2 41 


J 


008 


015 


20 


J8 


^ 


100 




2 54 




L 


300 BASIC 


7 62 BASIC ] 


M 




15° 






N 


020 


050 


51 


1 2; 



ABSOLUTE MAXIMUM RATINGS 



Power Supply Voltage (+Vcc to -Vcc) . . 

+Vcc to Analog Common 

-Vcc to Analog Common 

Integrator Out Short-Circuit-to-Ground 

Integrator Differential Input 

Integrator Common-Mode Input 

V,N (pin 7) 

Clock Input 

Vref Out Short-Circuit-to-Ground 

Pin 9 (Cos) 

fouT (referred to digital common) 

Digital Common 

Storage Temperature Range 

Lead Temperature (soldering lOsec) 



36V 

28V 

28V 

Indefinite 

±10V 

-Vcc +5V to +2V 

±Vcc 

±Vcc 

Indefinite 

to +Vcc 

.... -0 5V to 36V 
±Vcc 

-65°C to +150°C 
300X 



ORDERING INFORMATION 



VFC100 (X) G 



Basic Model Number - 
Performance Code — 



A, B = -26°C to +85°C 
S = -55°C to +125X 
Ceramic Package 



by the box method. (Max. - Min.) - (Avg X AT) (3) Refer to detailed timing 

PIN CONFIGURATION 











+Vcc 


1 


16 


V,o. 


NC 


2 


15 


+ COMPARATOR IN 


NC 


3 


14 


-COMPARATOR IN 


INTEGRATOR OUT 


4 


13 


ANALOG COMMON 


Cn, 


5 


12 


DIGITAL COMMON 


N0NINVERTIN6 IN 


6 


11 


lout 


V,„ 


7 


10 


CLOCK INPUT 


-Vcc 


8 


9 


Cos 











TYPICAL PERFORMANCE 
CURVES 

At +25°C, ±Vcc = 15VDC, and in circuit of Figure 1 unless otherwise specified 
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THEORY OF OPERATION 

The VFCIOO monolithic voltage-to-frequency converter 
provides a digital pulse train output with an average 
frequency proportional to the analog input voltage. The 
output is an active low pulse of constant duration, with a 
repetition rate determined by the input voltage. Fulling 
edges of the output pulses are synchronized with risng 
edges of the clock input. 

Operation is similar to a conventional charge balance 
VFC. An input operational amplifier (Figure 1) is con- 
figured as an integrator so that a positive input voltage 
causes an input current to flow in Ris. This forces the 
integrator output to ramp negatively. When the output 
of the integrator crosses the reference voltage (5V), the 
comparator trips, activating the clocked logic circuit. 
Once activated, the clocked logic awaits a falling edge of 
the clock input, followed by a rising edge (see Figure 2). 
On the rising edge, switch SI is closed for one complete 
clock cycle, causing the reset current, Ii to switch to the 
integrator input. Since Ii is larger than the input current. 



IiN, the output of the integrator ramps positively during 
the one clock cycle reset period. The clocked logic 
circuitry also generates a VFC output pulse during the 
reset period. 

Unlike conventional VFC circuits, the VFCIOO accu- 
rately derives its reset period from an external clock fre- 
quency. This eliminates the critical timing capacitor 
required by other VFC circuits. One period (from rising 
edge to rising edge) of the clock input determines the 
integrator reset period. 

When the negative-going integration of the input signal 
crosses the comparator threshold, integration of the 
input signal will continue until the reset period can start 
(awaiting the necessary transitions of the clock). Output 
pulses are thus made to align with rising edges of the 
external clock. This causes the instantaneous output fre- 
quency to be a subharmonic of the clock frequency. The 
average frequency, however, will be an accurate analog 
of the input voltage. 

A full scale input of lOV (or an input current of 0.5mA) 
causes a nominal output frequency equal to one half the 
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FIGURE 1. Circuit Diagram for Voltage-to-Frequency Mode. 



CLOCK 



JT^L^J^^J^J^Jxrl^LJ^^lnJ^^ 



INTEGRATOR 




o 
o 

O 
u. 

> 



FIGURE 2. Timing Diagram for Voltage-to-Frequency Mode. 
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clock frequency. The transfer function is 

foU.=(V,N/20V)fcLOCK 

Figure 3 shows the transfer function graphically. Note 
that inputs above lOV (or 0.5mA) do not cause an 
increase in the output frequency. This is an easily detec- 
table indication of an overrange input. In the overrange 
condition, the integrator amplifier will ramp to its nega- 
tive output swing limit. When the input signal returns to 
within the linear range, the integrator amplifier will re- 
cover and begin ramping upward during the reset period. 



be integrated without output saturation and loss of accu- 
racy. For instance, with a 50kHz full-scale output and 
CiM = O.I/uF, the circuit in Figure 1 can accurately 
average an input through the full to lOV input range 
with IV p-p superimposed 60Hz noise. 




FIGURE 3. Transfer Function for Voltage-to- 
Frequency Mode. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

The integrator capacitor Cim (see Figure I) affects the 
magnitude of the integrator voltage waveform. Its abso- 
lute accuracy is not critical since it does not affect the 
transfer function. This allows a wide range of capaci- 
tance to produce excellent results. Figure 4 facilitates 
choosing an appropriate standard value to assure that 
the integrator waveform voltage is within acceptable lim- 
its. Good dielectric absorption properties are required to 
achieve best linearity. Mylar®, polycarbonate, mica, 
polystyrene. Teflon® and glass types are appropriate 
choices. The choice in a given application will depend on 
the particular value and size considerations. Ceramic 
capacitors vary considerably from type to type and some 
produce significant nonlinearities. Polarized capacitors 
should not be used. 

Deviation from the nominal recommended +1V to 
—0.75V integrator voltage (as controlled by the integra- 
tor capacitor value) is permissible and will have a negli- 
gible effect on VFC operation. Certain situations may 
make deviations from the suggested integrator swing 
highly desirable. Smaller integrator voltages, for instance, 
allow more "headroom" for averaging noisy input sig- 
nals. The VFC is a fully integrating input converter, able 
to reject large levels of interfering noise. This ability is 
limited only by the output voltage swing range of the 
integrator amplifier. By setting a small integrator voltage 
swing using a large Cmi value, larger levels of noise can 
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FIGURE 4. Integrator Capacitor Selection Graph. 

The integrator output voltage should not be allowed to 
exceed +12V or -0.2V, otherwise saturation of the 
operational amplifier could cause inaccuracies. Opera- 
tion with positive power supplies less than +15V will 
limit the output swing of the integrator operational 
amplifier. Smaller integrator vqltage waveforms may be 
required to avoid output saturation of the integrator 
amplifier. See "Power Supply Considerations" for infor- 
mation on low voltage operation. 

The maximum integrator voltage swing requirement is 
nearly symmetrical about the comparator threshold volt- 
age (see Figure 12). One-third greater swing is required 
above the threshold than below it. Maximum demand 
on positive integrator swing occurs at low scale, while 
the negative swing is greatest just below full scale. 

CLOCK INPUT 

The clock input is TTL- and CMOS-compatible. Its 
input threshold is approximately 1.4V (two diode voltage 
drops) referenced to digital ground (pin 12). The clock 
"high" input may be standard TLL or may be as high as 
+Vcc — 2V. A CMOS clock should be powered from a 
voltage source at least 2V below the VFC 100 's +Vcc to 
prevent overdriving the clock input. Alternatively, a 
resistive vohage divider may be used to limit the clock 
voltage swing to +Vcc - 2V maximum. The clock input 
has a high input impedance, so no special drivers are 
required. Rise time in the transition region from 0.5V to 
2V must be less than 2)usec for proper operation. 

OUTPUT 

The frequency output is an open collector current-sink 
transistor. Output pulses are active low such that the 
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output transistor is on only during the reset integration 
period (see Shortened Output Pulses). This minimizes 
power dissipation over the full frequency range and pro- 
vides the fastest logic edge at the beginning of the output 
pulse where it is most desirable. 

Interface to a logic circuit would normally be made using 
a pull-up resistor to the logic power supply. Selection of 
the pull-up resistor should be made such that no more 
than 15mA flows in the output transistor. The actual 
choice of the pull-up resistor may depend on the full- 
scale frequency and the stray capacitance on the output 
line. The rising edge of an output pulse is determined by 
the RC time constant of the pull-up resistor and the stray 
capacitance. Excessive capacitance will produce a rounding 
of the output pulse rising edge, which may create problems 
driving some logic circuits. If long lines must be driven, a 
buffer or digital line transmitter circuit should be used. 

The synchronized nature of the VFCIOO makes viewing 
its output on an oscilloscope somewhat tricky. Since all 
output pulses align with the clock, it is best to trigger and 
view the clock on one of the input channels and the 
output can then be viewed on another oscilloscope 
channel. Depending on the VFC input voltage, the out- 
put waveform may appear as if the oscilloscope is not 
properly triggered. The output might best be visualized 
by imagining a constant output frequency which is 
locked to a submultiple of the clock frequency with 
occasional extra pulses or missing pulses to create the 
necessary average frequency. It is these extra or missing 
pulses that make the output waveform appear as if the 
oscilloscope is not properly triggered. This is normal. 



Experimentation with the input voltage and oscilloscope 
triggering will generally allow a stable view of the output 
and provides an understanding of its nature. 

SHORTENED OUTPUT PULSES 

In normal operation, the negative output pulse duration 
is equal to one period of the clock input. Shorter output 
pulses may be useful in driving optical couplers or trans- 
formers for voltage isolation or noise rejection. This can 
be accomplished by connecting capacitor Cos as shown in 
Figure 5. Pin 9 may be connected to +Vcc, deactivating the 
output one-shot circuit. The value of Cos is chosen accord- 
ing to the curve in Figure 6. Output pulses cannot be made 
to exceed one clock period in duration. Thus, a Cos value 
which would create an output pulse which is longer than 
one period of the clock will have the same effect as dis- 
abling the one-shot, causing the output pulse to last one 
clock period. The minimum practical pulse width of the 
one-shot circuit is approximately lOOnsec. Using Cos to 
generate shorter output pulses does not affect the output 
frequency or the gain equation. 

REFERENCE VOLTAGE 

Excellent gain drift is achieved by use of a precision 
internal 5V reference. This reference is brought to an 
external pin and can be used for a variety of purposes. It 
is used to offset the noninverting comparator input in 
voltage-to-frequency mode (although a precise voltage is 
not requried for this function). It is very useful in many 
other applications such as offsetting the input to handle 
bipolar input signals. It can source up to 10mA and sink 
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FIGURE 5. Circuit and Timing Diagram for Shortened Output Pulses. 
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FIGURE 6. Output One-Shot Capacitor Selection 
Graph. 



lOO^iA. Heavy loading of the reference will change the 
gain of the VFC as well as affecting the external refer- 
ence voltage. For instance, a 10mA load interacting with 
a O.Sfl typical output impedance will change the VFC 
gain equation and reference voltage by 0.1%. 

Figure 7 shows the reference used to offset the VFC 
transfer function to convert a — 5V to +5V input to zero 
to 500kHz output. The circuit in Figure 8 uses the refer- 
ence to excite a 300n bridge transducer. Ri provides the 
majority of the current to the bridge while the Vrlf out- 
put supplies the balance and accurately controls the 
bridge voltage. The VFC gain is inversely proportional 
to the reference voltage, Vrlf. Since the bridge gain is 
directly proportional to its excitation voltage, the two 
equal and opposite effects cancel the effect of reference 
voltage drift on gain. 

The reference output amplifier is specifically designed 
for excellent transient response to provide precision in a 
noisy environment. Although not required for normal 
operation, a O.OS^iF bypasss capacitor from the reference 
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FIGURE 7. Circuit Diagram for Bipolar Input Voltages. 
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FIGURE 8. Circuit Diagram for Bridge Excitation Using Vref. 
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output to analog ground (pin 13) may improve the rejec- 
tion of digital noise from external circuitry. 

OTHER INPUT VOLTAGE RANGES 

The internal input resistor, Rm = 20kn, sets a full-scale 
input of 10 V. Other input ranges can be created by using 
an external gain set resistor connected to pin 5. Since the 
excellent temperature drifts of the VFCIOO are achieved 
by careful matching of internal temperature coefficients, 
use of an external gain set resistor will generally degrade 
this drift. Using an external resistor to set the gain, the 
resulting gain drift would be equal to the sum of the 
external resistor drift and the specified current gain drift 
of the VFCIOO. Different voltage input ranges are best 
implemented by using the internal input resistor, Rm, in 
series or parallel with a high quality external resistor, 
thus maintaining as much of the precision temperature 
tracking as possible. 

For best drift performance, the adjustment range of a 
fine gain trim should be made as narrow as practical. Ri 
and R2 in Figure 9 allow gain adjustment over a ±1% 
range (adequate to trim the lOOkHz FS gain error to 
zero) and will not significantly affect the drift perfor- 
mance of the VFCIOO. R3,R4,and R5 allow trimming of 
the integrator amplifier input offset voltage. The adjust- 
ment range is determined by the ratio of R4 to R5. Accu- 
rate end-point calibration would be performed by first 
adjusting the offset trim so that zero volts input just 
causes all output pulses to cease. The gain trim is then 
adjusted for the proper full-scale output frequency with 
an accurate full-scale output frequency with an accurate 
full scale input voltage. 



by using the internal input resistor and a clock frequency 
of 10 times the desired full-scale output frequency. 

LINEARITY PERFORMANCE 

The linearity of the VFCIOO is specified as the worst-case 
deviation from a straight line defined by low scale and 
high scale endpoint measurements. This worst-case devi- 
ation is expressed as a percentage of the lOV full-scale 
input. All units are tested and guaranteed for the speci- 
fied level of performance. 

Linearity performance and gain error change with full- 
scale operating fequency as shown in Figure 10. Figure 11 
shows the typical shape of the nonlinearity at lOOkHz 
full scale. Integrator voltage swing (determined by Cint) 
has a minor effect on linearity. Small integrator voltage 
swing typically leads to best linearity performance. 
Best linearity performance at high full-scale frequencies 
(above 500kHz) is obtained by using short output pulses 
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FIGURE 10. NonUnearity and Gain Error vs Full Scale 
Frequency. 
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TYPICAL NONLINEARITY vs V,n, fps = 100kHz 
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FIGURE 11. Typical Nonlinearity vs Vin. 

with a one-shot capacitor of 60pF. As with any high- 
frequency circuit, careful attention to good power supply 
bypassing techniques (see "Power Supplies and Ground- 
ing") is also required. 

TEMPERATURE DRIFT 

Conventional VFC circuits are affected significantly by 
external component temperature drift. Drift of the exter- 
nal input resistor and timing capacitor required with 
these devices may easily exceed the specified drift of the 
VFC itself. 

When used with its internal input resistor, the gain drift 
of the complete VFCIOO circuit is totally determined by 
the performance of the VFCIOO. Gain drift is specified at 
a full scale output frequency of lOOkHz. Conventional 
VFC circuits usually specify drift at lOkHz and degrade 
significantly at higher operating frequency. The VFC- 



lOO's gain drift remains excellent at higher operating 
frequency, typically remaining within specification at fps 
= IMHz. 

Drift of the external clock frequency directly affects the 
output frequency, but by using a common clock for the 
VFC and counting circuitry this drift can be cancelled 
(see Counting the Output). 

POWER SUPPLIES AND GROUNDING 

Separate analog and digital grounds are provided on the 
VFCIOO and it is important to separate these grounds to 
attain greatest accuracy. Logic sink current flowing in 
the fouT pin is returned to the digital ground. If this 
"noisy" current were allowed to flow in analog ground, 
errors could be created. Although analog and digital 
grounds may eventually be connected together at a 
common point in the circuitry, separate circuit connec- 
tions to this common point can reduce the error voltages 
created by varying currents flowing through the ground 
return impedance. The +5V Vref pin is referenced to 
analog ground. 

The power supplies should be well bypassed using capaci- 
tors with low impedance at high frequency. A value of 
O.l^iF is adequate for most circuit layouts. 

The VFCIOO is specified for a nominal supply voltage of 
±15V. Supply voltages ranging from +7.5V to ±18V 
may be used. Either supply can be up to 28V as long as 
the total of both does not exceed 36V. Steps must be 
taken, however, to assure that the integrator output does 
not exceed its linear range. Although the integrator out- 
put is capable of 12V output swing with 15V power sup- 
plies, with 7.5V supplies, output swing will be limited to 
approximately 4.5V. In this case, the comparator input 





INTEGRATOR VOLTAGE WAVEFORM (PIN 4) 

(Vth + lOOmV) - 



HIGH SCALE |V,n»83V) 
FAST OSCILLOSCOPE SWEEP 



LOW SCALE (V,N«120mV) 
SLOW OSCILLOSCOPE SWEEP 



' ::\A^„^vvyy.^\^. 



FIGURE 12. Circuit Diagram and Integrator Voltage Waveform for Low Power Supply Voltage Operation. 
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FIGURE 13. Relationships of Allowable Voltages. 

cannot be offset by directly connecting to the 5V refer- 
ence output pin. The comparator input must be connec- 
ted to a lower voltage point (approximately 2V). This 
allows the integrator output to operate around a lower 
voltage point, assuring linear operation. This threshold 
voltage does not affect the accuracy or drift of the VFC 
as long as it is not noisy. It should not be made too 
small, however, or the negative output limitation of the 
integrator (—0.2V) may cause saturation. Additionally, a 
large integrator capacitor may be used to limit the 
required integrator waveform swing to approximately 
lOOmV (see Integrator Capacitor). 

Figure 12 shows a circuit for operating from the mm- 
imum power supplies, avoiding saturation of the integra- 
tor amplifier and loss of accuracy. Cint is chosen for a 
-hlOOmV to — 75mV integrator voltage swing (referred to 
the noninverting comparator input). The offset voltage 
applied to the comparator's noninverting input is derived 
from a resistive voltage divider from Vref. 

The relationships of the allowable operating voltage 
ranges on important pins is shown in Figure 13. Note 
that the integrator amplifier output cannot swing more 
than 0.2V below ground. Although this is not "normal" 
for an operational amplifier, a special internal design of 
this type optimizes high frequency performance. It is this 
charactersitic which necessitates the offsetting of the 
noninverting comparator input in voltage-to-frequency 
mode to avoid negative output swing. 

COUNTING THE OUTPUT 

In evaluation and use of the VFCIOO, you may want to 
measure the output frequency with a frequency counter. 
Since synchronization of the VFCIOO causes it to await a 



clock edge tor any given output pulse, the output fre- 
quency is essentially quantized. The quantized steps are 
equal to one clock period of the counting gate period. 
The quantizing error can be made arbitrarily small by 
counting with long gate times. For instance, a one 
second counter gate period and a 100k Hz full-scale fre- 
quency has a one part in 100,000 resolution. Many of the 
more sophisticated laboratory frequency counters, how- 
ever, use period measurement schemes to count the input 
frequency quickly. These instruments work equally well, 
but the gate period must be set appropriately to achieve 
the desired count resolution. Short gate periods will 
produce many digits of "accuracy" in the display, but the 
results may be very inaccurate. 

Figure 14 is a typical system application showing a basic 
counting technique. A to 10 V input is converted to a 
to lOOkHz frequency output. The VFC's clock is divided 
by M = 4000 to produce a gate period for the counter 
circuit. The resulting VFC count, N, is insensitive to 
variations in the actual clock frequency. The input volt- 
age represented by the resulting count is 
V,N = (N/M)20V 

Resolution is related to the number of counts at full 
scale, or one-half the number of clock pulses in the gate 
period. 

The integrating nature of the VFC is important in 
achieving accurate conversions. The integrating period is 
equal to the counting period. This can be used to great 
advantage to reject unwanted signals of a known fre- 
quency. Figure 15 shows that response nulls occur at the 
inverse of the integration period and its multiples. If 
60Hz is to be rejected, for instance, the counting period 
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FIGURE 14. Diagram of a Voltage-to-Frequency Converter and Counter System. 
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FIGURE 15. Frequency Response of an Integrating 
Analog-to-Digital Converter. 

should be made equal to, or a multiple of 1/60 of a 
second. 

FREQUENCY-TO-VOLTAGE MODE 

The VFCIOO can also function as a frequency-to-voltage 
converter by applying an input frequency to the compar- 
ator input as shown in Figure 16. The input resistor, Rm, 
is connected as a feedback resistor. The voltage at the 
integrator amp output is proportional to the ratio of the 
input frequency to the clock frequency. The transfer 
function is 

VoUT = (fiN/fcLOCK) 20V 

This transfer function is complementary to the voltage- 
to-frequency mode transfer function, making voltage-to- 
frequency-to-voltage conversions simple and accurate. 
Direct coupling of the input frequency to the compara- 
tor is easily accomplished by driving both comparators 
with complementary frequency input signals. Alterna- 



tively, one of the comparator inputs can be biased at half 
the logic voltage (using Vref and a voltage divider) and 
the other input driven directly. 

The proper timing of the input frequency waveform is 
shown in Figure 16. The input pulse should go low for 
one clock cycle, centered around a falling edge of the 
clock. The minimum acceptable input pulse width must 
fall no later than 200nsec before a negative clock edge 
and rise no sooner than 200nsec after the falling clock 
edge. An input pulse which remains low for more than 
one falling edge of the clock will produce incorrect out- 
put voltages. Positive (active high) input pulses can be 
accepted by reversing the connections to pins 14 and 15. 
Figure 17 shows a digital conditioning circuit which will 
accept any input duty cycle and provide the proper pulse 
width to the comparator. Each rising edge at this cir- 
cuit's input generates the required negative pulse at the 
inverting comparator input. The noninverting compara- 
tor is driven by a complementary signal. 
The integrator amplifier output is designed to drive up to 
10,000pF and 5kn loads in frequency-to-voltage mode. 
This allows driving long lines in a large system. 
Ripple voltage in the voltage output is unavoidable and 
is inversely proportional to the value of the integrator 
capacitor. Figure 18 shows the output ripple and settling 
time as a function of the Cint value. 

The ripple frequency is equal to the input frequency. Its 
magnitude can be reduced by using a large integrator 
capacitor value, but at the sacrifice of slow settling time 
at the voltage output in response to an input frequency 
change. The settling time constant is equal to Rm X Cint. 
A better compromise between output ripple and settling 
time can be achieved by using a moderately low integra- 
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FIGURE 18. Frequency-to-Voltage Mode Output 

Ripple and Settling Time vs Integrator 
Capacitance. 

tor capacitor value and adding a low-pass filter on the 
analog output. The cutoff frequency of the filter should 
be made below the lowest expected input frequency to 
the frequency-to-voltage converter. 
The system in Figure 20 makes use of both voltage-to- 
frequency and frequency-to-voltage mode to send a sig- 
nal across an optically-isolated barrier. This technique is 
useful not only for providing safety in the presence of 
high voltages, but for creating high noise rejection in 
electrically noisy environments. The use of a common 
clock frequency causes the two devices to have comple- 
mentary transfer functions, which minimizes errors. 

Optical coupling is facilitated by use of the output one- 
shot feature. The output pulse is shortened (see Short- 
ened Output Pulses) to allow for the relatively slow turn- 
off time of the LED. The timing diagram in Figure 19 
shows how the accumulated delay of both optical 
couplers could produce too long an input pulse for the 
frequency-to-voltage converter, VFC2 of Figure 20. 

An output filter is used to reduce the ripple in the output 
of VFC2. In order to most effectively filter the output, 
both input and output VFCs are offset. By connecting Ri 
to Vref, an accurate offset is created in the voltage-to- 
frequency function. Zero volts input now creates a 
lOkHz output. This offset is subtracted in the frequency- 
to-voltage conversion on the output side, by Vref and 
R5. 

MORE PULSE POSirrON RESOLUTION 

Since output pulses must always align with clock edges, 
the instantaneous output frequency is quantized and 




FIGURE 19. Timing Diagram and Oscilloscope Photo 
of Isolated Voltage-to-Frequency/ 
Frequency-to-Voltage System. 

appears to have phase jitter. This effect can be greatly 
reduced by using a high speed clock so that available 
clock edges come more frequently. This would also 
create a high full-scale frequency, but the technique 
shown in Figure 21 offers an alternative. A high speed 
clock is used to produce high resolution of the output 
pulse position, but a low full-scale frequency can be pro- 
grammed. 

When an output pulse is generated, the next rising edge 
of the high frequency clock is delayed for a program- 
mable number of clock counts. Since the integrator reset 
period (which sets the full-scale range) is determined by 
the time from rising edge to rising edge at the VFCs 
clock input once the comparator is tripped, the effective 
clock frequency is fcLocK/ 16. The circuit shown can be 
programmed for any N from 2 to 16. Since an output 
pulse must propagate through the VFC before the next 
rising edge of the clock arrives, maximum clock fre- 
quency is limited by the delay time shown in the timing 
diagram. 

With output pulses now able to align with greater resolu- 
tion, the output has lower phase jitter. Using this tech- 
nique, the output is suitable for ratiometric (period 
measurement) type counting. This counting technique 
achieves the maximum possible resolution for short gate 
periods (see Burr-Brown Application Note AN-130). 
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FEATURES 

• FULL-SCALE FREQUENCY SET BY SYSTEM CLOCK 

• MULTIPLE INPUT RANGES: 5V, 8V. 10V FULL SCALE 

• ACCURATE 5V REFERENCE VOLTAGE 

• LOW NONLINEARITY: 0.02% AT 100kHz FS 

• LOW GAIN DRIFT: 40ppm/»C 

APPLICATIONS 

• INTEGRATING A/0 CONVERTER 

• MULTICHANNEL OATA ACQUISITION 

• FREQUENCY-TO-VOLTAGE CONVERSION 

• VOLTAGE ISOLATION 



DESCRIPTION 

The VFClOl voltage-to-frequency converter provides 
features and performance unique in integrated circuit 



VFCs. It uses the proven charge-balance technique 
with internal digital logic to control the critical 
reference integration period. Reference timing is 
derived from an external clock signal which accu- 
rately sets the full-scale frequency. This technique 
eliminates the errors and drift from external timing 
components which are required with other VFCs. 
Internal resistors provide accurate full-scale input 
ranges of 5V, 8V or lOV inputs without external 
resistors or trimming. 

An accurate 5V reference voltage output is useful for 
bridge or sensor excitation. With simple pin inter- 
connections, it can provide half-scale offset to allow 
bipolar input voltages. 

The open-collector frequency output interfaces easily 
to CMOS or TTL circuitry. Output one-shot circuitry 
may be used to optimize the output pulse width for 
optical couplers or transformers. 
The VFClOl is packaged in a surface-mount 20-pin 
PLCC (plastic leaded chip carrier) package. 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25''C and ±15VDC supplies unless otherwise noted. 
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VFC101JN 


VFC101KN 
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MIN 


TYP 


MAX 


MIN 1 TYP 


MAX 


TRANSFER FUNCTION | 


Voltage-to-Frequency Mode 


four = fcLOCK (V,n/2Vfs) 
















Gain Error'" 


FSR = 100kHz 




±0 3 


±0 5 




* 


* 


% Of FSrt 


Linearity Error 


FSR = 100kHz, over temp 




±0.01 


±0.025 




* 


±0.02 


% of FSR 




FSR = 500kHz, Cos = 60pF 




±0.02 


±0.05 




* 


* 


% of FSR 




FSR = 1MHz, Cos = 60pF 




±0.05 


±0.1 




* 


* 


% of FSR 


Gam Drift'"' 


FSR = 100kHz 




±50 


±80 




±30 


±40 


' ppm of 
iFSR/X 


Referred to Internal Vref 






10 
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* 


±15 


Offset Referred to Input 






±1 


±3 
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±2 


mV 


Offset Drift 






±12 


±100 




±6.5 


±25 


//V/X 


Power Supply Rejection 


Full supply range 






0.02 






0.015 


%/V 


Response Time 


To Step Input Change 


One period of new output frequency plus one clock period 




Frequency-to-Voltage Mode 


VoUT = 2VfS fiN/fcLOCK 
















Gain Accuracy'" 


FSR = 100kHz 
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Linearity 
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Input Resistors 
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Temperature Coefficient (Tc)'"' 
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//v 


Vos Drift 
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//V/X 


Ib 






±50 


±100 




±25 


±50 


nA 
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nA 


AoL 


Zload = 5kO/10,000pF 


100 


120 
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« 




dB 


CMRR 
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105 




* 
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dB 


CM Range 




-7.5 




+01 
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V 


VouT Range 


Zload = 5kO/10,000pF 


-0.2 




+12 


* 




* 


V 


Bandwidth 






14 






* 




MHz 


COMPARATOR INPUTS | 


Input Bias Current (Ib) 


-Vcc + 4V < V,N < +Vcc 






= 


* 


M 


CLOCK INPUT (referenced to digital common) | 


Frequency (maximum operating) 






4.0 






* 




MHz 


Threshold Voltage 






14 






* 




V 




Over temperature 


0.8 




2.0 
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* 
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Voltage Range 
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+Vcc 
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Input Current 
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OPEN COLLECTOR OUTPUT (referenced to digital common) | 


Vol 


louT = 10mA 
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V 


lot 
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* 


mA 


loH (off leakage) 


VoH = 30V 
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« 




ns 


Fall Time 
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* 




ns 


Output Capacitance 






5 






* 




PF 


OUTPUT ONE-SHOT | 


Pulse Width Out 


Nominal PWouT = 

(5ns/pF) X Cos - 90ns 
Cos = 300pF 


1 


1.4 


2 


* 


* 


* 


//s 


REFERENCE VOLTAGE | 


Accuracy 


No load 


4.90 


5.0 


5.10 


4 95 


* 


5.05 


V 


Drift"^' 






±60 


±105 




±40 


±55 


ppm/'C 


Current Output (sourcing) 




10 






* 






mA 


Power Supply Rejection 








0.015 






* 


%/V 


Output impedance 






05 


2 




• 


* 


Q 
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ELECTRICAL (CONT) 

At Ta = +25°C and ±15VDC supplies unless otherwise noted 



PARAMETER 


CONDITIONS 


VFC101JN 


VFC101KN 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


POWER SUPPLY 1 


Rated Voltage 






±15 






* 




V 


Operating Voltage Range 


+Vcc 


+7.5 




+28.5 


* 






V 




-Vcc 


-7.5 




-28 5 


* 






V 


Total Supply 


+Vcc - (-Vcc) 


15 




36 


* 






V 


Digital Common 




-Vcc + 2 




+Vcc - 4 


* 






V 


Quiescent Current +lcc 


Over temperature 




10 6 


15 




* 




mA 


-Ice 






96 


15 




* 




mA 


TEMPERATURE RANGE | 


Specification 









+70 


* 




* 


X 


Storage 




-65 




+150 


* 




* 


°C 


^Junction-Ambient 






90 






* 




°C/W 


e Junction-Case 






35 






* 




X/W 



♦Specification same as JN grade 

NOTES (1) Offset and gam error can be trimmed to zero 



MECHANICAL 



(2) Specified by the box method: (Max - Mm) 4- (Avg X AT) 



PIN CONFIGURATION 



-M- 
- A- 
-Ai- 



A 



Pinl 
Identifier 
I r-i n/r-i n — 



^ 



U U U U U- 



2 Bi B N 



U-^ 



-Hk-D 



T7 



- Seating 
Plane 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


350 


356 


8 89 


904 


Ai 


338 


344 


8 59 


8 74 


B 


350 


356 


8 89 


904 


Bi 


290 


330 


7 37 


8 38 


C 


165 


180 


419 


4 57 


D 


013 


021 


33 


53 


E 


290 


330 


7 37 


8 38 


F 


026 


032 


066 


81 


G 


050 BASIC 


1 27 BASIC 


K 


020 


_ 


51 


_ 


M 


385 


395 


9 78 


10 03 


N 


385 


395 


9 78 


10 03 


P 


090 


120 


2 29 


3 05 





3 2 1 20 19 


4 


m n ri n n 




/ o 


]18 




=c 




> 


«: 


20-Pin 
PLCC 


]16 


^: 


Package 


315 


"C 




]14 






9 10 11 12 13 Grade 






Designation 




1 


NO 






2 


+Vcc Power Supply 






3 


NO 






4 


VouT Integrator Amp Output 






5 


CiNT, Integrator Inverting Input 






6 


+ViN, Integrator Noninverting Input 






7 


V,N. 5V FS 






8 


V,N. 10V FS 






9 


V,N, 8V FS 






10 


V,N. 10V FS 






11 


-Vcc Power Supply 






12 


Cos, Output One-Shot Capacitor 






13 


f CLOCK Input 






14 


four Frequency Output 






15 


Digital Ground 






16 


Analog Ground 






17 


- Comparator Input 






18 


+ Comparator Input 






19 


NO 






20 


Vref +5V Reference Output 
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ABSOLUTE MAXIMUM RATINGS 



ORDERING INFORMATION 



Power Supply Voltage (+Vcc to -Vcc) 36V 

+Vcc to Analog Common 28V 

-Vcc to Analog Common 28V 

Integrator Out Short-Clrcuit-to-Ground Indefinite 

Integrator Differential Input ±10V 

Integrator Common-Mode Input —Vcc +5V to +2V 

ViN (pins 7, 8, 9. 10) ±Vcc 

Clock Input ±Vcc 

Vref Out Short-Circuit-to-Ground Indefinite 

Cos (pin 12) to +Vcc 

fouT (referred to digital common) -0.5V to 36V 

Digital Common ±Vcc 

Storage Temperature Range — 65°C to +150''C 

Lead Temperature (soldering 10s) 300°C 



VFC101 

-HU — 



Basic Model Number 

Performance Code 

J, K: 0°C to +70°C 

(no grade designation indicates J grade) 
Plastic Leaded Chip Carrier Package 

(no package designation indicates N package) 



n 



TYPICAL PERFORMANCE CURVES 

At +25°C, ±Vcc = 15VDC, and in circuit of Figure 1 unless otherwise specified 




-75 



QUIESCENT CURRENT vs TEMPERATURE 




-50 -25 +25 • +50 +75 +100 +125 

Ambient Temperature (°C) 



5 010 
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THEORY OF OPERATION 

The VFClOl monolithic voltage-to-frequency converter 
provides a digital pulse train output with an average 
frequency proportional to the analog input voltage. The 
output is an active low pulse of constant duration, with a 
repetition rate determined by the input voltage. Falling 
edges of the output pulses are synchronized with rising 
edges of the clock input. 

Operation is similar to a conventional charge-balance 
VFC. An input operational amplifier (Figure 1) is con- 
figured as an integrator so that a positive input voltage 
causes an input current to flow in Cint. This forces the 
integrator output to ramp negatively. When the output 
of the integrator crosses the reference voltage (5V), the 
comparator trips, activating the clocked logic circuit. 
Once activated, the clocked logic awaits a falling edge of 
the clock input, followed by a rising edge (see Figure 2). 
On the rising edge, switch SWi is closed for one complete 
clock cycle, causing the reset current, Ii, to switch to the 
integrator input. Since Ii is larger than the input current. 



IiN, the output of the integrator ramps positively during 
the one clock cycle reset period. The clocked logic 
circuitry also generates a VFC output pulse during the 
reset period. 

Unlike conventional VFC circuits, the VFClOl accurately 
derives its reset period from an external clock frequency. 
This eliminates the critical timing capacitor required by 
other VFC circuits. One period (from rising edge to 
rising edge) of the clock input determines the integrator 
reset period. 

When the negative-going integration of the input signal 
crosses the comparator threshold, integration of the 
input signal will continue until the reset period can start 
(awaiting the necessary transitions of the clock). Output 
pulses are thus made to align with rising edges of the 
external clock. This causes the instantaneous output 
frequency to be a subharmonic of the clock frequency. 
The average frequency, however, will be an accurate 
analog of the input voltage. 
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FIGURE 1. Basic Voltage-to-Frequency Operations. 



xinjTJirLnjTjTJTfUTnJT|Tr^^ 



Integrator 




FIGURE 2. Timing Diagram for Voltage-to-Frequency Mode. 



A full-scale input causes a nominal output frequency 
equal to one-half the clock frequency. The transfer 
function is fouT = (Vin/2Vfs) fcLocK. 
Input voltages greater than Vfs cause the output fre- 
quency to Umit at half the clock frequency. Negative 
inputs cause all output pulses to cease. The full-scale 
input voltage, Vfs, is determined by the input pin used: 



Pln# 


Vfs 


8 


10V 


10 


10V 


9 


8V 


7 


5V 


7* 


2 5V 



One of the useful functions made possible by the VFClOl's 
multiple input resistors is shown in Figure 3. By connec- 
ting one lOV input to the 5V Vref output, the other lOV 
input pin functions as a bipolar input. A — 5V to +5V 
input range causes a zero to fcLocK/2 output frequency 
range. Accurate ratio matching and temperature tracking 
of the input resistors provides improved stability of the 
half-scale offset. 



2 

> 



* Pin 8 connected to pin 5 
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+Vlh 01/.F 
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to 
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Ground 



FIGURE 3. Offset for Bipolar Input Voltages. 



INSTALLATION AND 
OPERATING INSTRUCTIONS 

The integrator capacitor Cint (see Figure 1) affects the 
magnitude of the integrator voltage waveform. Its abso- 
lute accuracy is not critical since it does not affect the 
transfer function. This allows a wide range of capaci- 
tance to produce excellent results. Figure 4 facilitates 
choosing an appropriate standard value to assure that 
the integrator waveform voltage is within acceptable 
limits. Good dielectric absorption properties are required 
to achieve best linearity. Mylar™, polycarbonate, mica, 
polystyrene, Teflon™ and glass types are appropriate 



10/wF 



1//F 



01//F 



01//F 



lOOOpF 



lOOpF 



= 




W 




= 1 






Ei: 




w 


-^p 


= 


:!;! 


^ 




- '■ 




- - 




— 


































>k, 
























^ 


N 


J , 




s 








Integr 


ator Swing* 'jjll 






m 




= : 








+100rnv m 

-75mV ffl 
y. •• • • • iiTTn 


— 




^1 






■^ 










i 




s 
















= 




;: 




s 










== 


p ^ 


= ::: 


=: 




::: 




= - 








^ 


= : 


= ::; = 
























N, 


















i 


s 








[ 


IN 


= 




::: 




= : 




fl|pi- 


IV >i|ll 
75V^ 


— 




... 








— ; 


I^ 
















vN 


::: ^ 


It 














+2 5V 
1 QV 






> 1 




1 








= = 


ii 






^i 


life 


EElii 


— 




:: : 




H ^ r, rm 


— 








— 








-■ 




— - 




























Till ^ 


























i\ 


\ 



Ik 10k 100k 1M 

Full-Scale Frequency (Hz) 



*This IS the maximum swing of the integrator output voltage 
referred to the comparator noninverting input voltage 



FIGURE 4. Integrator Capacitor Selection Graph. 



choices. The choice in a given application will depend on 
the particular value and size considerations. Ceramic 
capacitors vary considerably from type to type and some 
produce significant nonlinearities. Polarized capacitors 
should not be used. 

Deviation from the nominal recommended H-IV to 
—0.75 V integrator voltage (as controlled by the integrator 
capacitor value) is permissible and will have a negligible 
effect on VFC operation. Certain situations may make 
deviations, from the suggested integrator swing highly 
desirable. Smaller integrator voltages, for instance, allow 
more "headroom" for averaging noisy input signals. The 
VFC is a fully integrating input converter, able to reject 
large levels of interfering noise. This ability is limited 
only by the output voltage swing range of the integrator 
amplifier. By setting a small integrator voltage swing 
using a large Cint value, larger levels of noise can be 
integrated without output saturation and loss of accuracy. 
For instance, with a 50kHz full-scale output and Cint = 
0.1 juF, the circuit in Figure 1 can accurately average an 
input through the full to lOV input range with IVp-p 
superimposed 60Hz noise. 

The integrator output voltage should not be allowed to 
exceed +12V or —0.2V, otherwise saturation of the 
operational amplifier could cause inaccuracies. Operation 
with positive power supplies less than +15V will Hmit the 
output swing of the integrator operational amplifier. 
Smaller integrator voltage waveforms may be required 
to avoid output saturation of the integrator amplifier. 
See "Power Supplies and Grounding" for information 
on low-voltage operation. 

The maximum integrator voltage swing requirement is 
nearly symmetrical about the comparator threshold volt- 
age (see Figure 9). One-third greater swing is required 
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above the threshold than below it. Maximum demand 
on positive integrator swing occurs at low scale, while 
the negative swing is greatest just below full scale. 

CLOCK INPUT 

The clock input is TTL- and CMOS-compatible. Its 
input threshold is approximately 1.4V (two diode voltage 
drops) referenced to digital ground (pin 15). The clock 
"high" input pay be standard TTL or may be as high as 
+Vcc. The clock input has a high input impedance, so no 
special drivers are required. Rise time in the transistion 
region from 0.5V to 2V must be less than 2/lis for proper 
operation. 

OUTPUT 

The frequency output is an open collector current-sink 
transistor. Output pulses are active low such that the 
output transistor is on only during the reset integration 
period (see Shortened Output Pulses). This minimizes 
power dissipation over the full frequency range and 
provides the fastest logic edge at the beginning of the 
output pulse where it is most desirable. 

Interface to a logic circuit would normally be made using 
a pull-up resistor to the logic power supply. Selection of 
the pull-up resistor should be made such that no more 
than 15mA flows in the output transistor. The actual 
choice of the pull-up resistor may depend on the full- 
scale frequency and the stray capacitance on the output 
line. The rising edge of an output pulse is determined by 
the RC time constant of the pull-up resistor and the stray 
capacitance. Excessive capacitance will produce a round- 
ing of the output pulse rising edge, which may create 
problems driving some logic circuits. If long Unes must 
be driven, a buffer or digital Hne transmitter circuit 
should be used. 

The synchronized nature of the VFClOl makes viewing 
its output on an oscilloscope somewhat tricky. Since all 
output pulses align with the clock, it is best to trigger and 
view the clock on one of the input channels and the 
output can then be viewed on another oscilloscope 
channel. Depending on the VFC input voltage, the 
output waveform may appear as if the oscilloscope is not 
properly triggered. The output might best be visualized 
by imagining a constant output frequency which is 
locked to a submultiple of the clock frequency with 
occasional extra pulses or missing pulses to create the 
necessary average frequency. It is these extra or missing 
pulses that make the output waveform appear as if the 
oscilloscope is not properly triggered. This behavior 
amounts to a frequency or phase jitter in the output, 
making frequency detection with most phase-locked 
loop circuitry impractical. For the same reason, fast 
period measurement (ratiometric counting) will not pro- 
vide a stable reading. The output frequency must be 
measured (averaged) for N counts of fcLocK to achieve a 
stable N counts of resolution. 



SHORTENED OUTPUT PULSES 

In normal operation, the negative output pulse duration 
is equal to one period of the clock input. Shorter output 
pulses may be useful in driving optical couplers or 
transformers for voltage isolation or noise rejection. 
This can be accomplished by connecting capacitor Cos as 
shown in Figure 5. Pin 12 may be connected to H-Vcc, 
deactivating the output one-shot circuit. The value of 
Cos is chosen according to the curve in Figure 6. Output 
pulses cannot be made to exceed one clock period in 
duration. Thus, a Cos value which would create an 
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FIGURE 5. Circuit and Timing Diagram for 
Shortened Output Pulses. 
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FIGURE 6. Output One-Shot Capacitor Selection 
Graph. 
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output pulse which is longer than one period of the clock 
will have the same effect as disabling the one-shot, 
causing the output pulse to last one clock period. The 
minimum practical pulse width of the one-shot circuit is 
approximately 100ns. Using Cos to generate shorter 
output pulses does not affect the output frequency or the 
gain equation. 

REFERENCE VOLTAGE 

Low gain drift is achieved by use of a precision internal 
5V reference. This reference is brought to an external pin 
and can be used for a variety of purposes. It is used to 
offset the noninverting comparator input in voltage-to- 
frequency mode (although a precise voltage is not 
required for this function). It is very useful in many other 
applications such as offsetting the input to handle bipolar 
input signals. It can source up to 10mA and sink 100/xA. 
Heavy loading of the reference will change the gain of 
the VFC as well as affecting the external reference 
voltage. For instance, a 10mA load interacting with a 
0.50 typical output impedance will change the VFC gain 
equation and reference voltage by 0.1%. 

LrNEARITY PERFORMANCE 

The linearity of the VFClOl is specified as the worst-case 
deviation from a straight line defined by low scale and 
high-scale endpoint measurements. This worst-case devi- 
ation is expressed as a percentage of the lOV full-scale 
input. All units are tested and guaranteed for the specified 
level of performance. 

Linearity performance and gain error change with full- 
scale operating frequency as shown in Figure 7. Figure 8 
shows the typical shape of the nonlinearity at 100k Hz 
full scale. Integrator voltage swing (determined by Cint) 
has a minor effect on linearity. Small integrator voltage 
swing typically leads to best linearity performance. 

Best linearity performance at high full-scale frequencies 
(above 500kHz) is obtained by using short output pulses 
with a one-shot capacitor of 60pF. As with any high- 
frequency circuit, careful attention to good power supply 
bypassing techniques (see "Power Supplies and Ground- 
ing") is also required. 





TYPICAL NONLINEARITY AND GAIN ERROR 
vs FULL-SCALE FREQUENCY 




^0 03 

§ 02 

01 
























3 

3 

2 m 

1 






r 


^onl 


near 


ity 




, r^ 


^ 


^ 










\ 


/ 


-- 






y 


/ 


f 







. 






J 




^ 


V 


Gair 


1 Error 





500k 1M 
fps -Full Scale Frequency (Hz) 







TYPICAL NONLINEARITY vs V,n, fps = 100kHz 




015 
J 010 

1 0.005 

2 


—0 005 


























































































































































































_ 






































^ 


^ 


> 


^ 






1 




^ 


s 


k 
























/ 


/ 


























s 
















^ 


/ 


































v 










4 


/ 








































\ 






J 


f 








































r 




\ 


/ 


















































2 4 6 8 10 1 
V.n (V) 1 



FIGURE 7. Nonlinearity and Gain Error vs Full-Scale 
Frequency. 



FIGURE 8. Typical Nonlinearity vs Vm. 

TEMPERATURE DRIFT 

Conventional VFC circuits are affected significantly by 
external component termperature drift. Drift of the 
external input resistor and timing capacitor required 
with these devices may easily exceed the specified drift of 
the VFC itself. 

When used with its internal input resistors, the gain drift 
of the complete VFClOl circuit is totally determined by 
the performance of the VFClOl. Gain drift is specified at 
a full-scale output frequency of lOOkHz. Conventional 
VFC circuits usually specify drift at lOkHz and degrade 
significantly at higher operating frequency. The VFClOl's 
gain drift remains excellent at higher operating frequency, 
typically remaining within specification at frs = IMHz. 
Drift of the external clock frequency directly affects the 
output frequency, but by using a common clock for the 
VFC and counting circuitry, this drift can be cancelled. 

POWER SUPPLIES AND GROUNDING 

Separate analog and digital grounds are provided on the 
VFClOl and it is important to separate these grounds to 
attain greatest accuracy. Logic sink current flowing in 
the fouT pin is returned to the digital ground. If this 
"noisy" current were allowed to flow in analog ground, 
errors could be created. Although arialog and digital 
grounds may eventually be connected together at a 
common point in the circuitry, separate circuit connec- 
tions to this common point can reduce the error voltages 
created by varying currents flowing through the ground 
return impedance. The H-5V Vref pin is referenced to 
analog ground. 

The power supplies should be well bypassed using 
capacitors with low impedance at high frequency. A 
value of O.l/iF is adequate for most circuit layouts. 

The VFClOl is specified for a nominal supply voltage of 
±15V. Supply voltages ranging from ±7.5V to ±18V 
may be used. Either supply can be up to 28V as long as 
the total of both does not exceed 36V. Steps must be 
taken, however, to assure that the integrator output does 
not exceed its linear range. Although the integrator 
output is capable of 12V output swing with 15V power 
supplies, with 7.5V supplies, output swing will be limited 
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to approximately 4.5V. In this case, the comparator 
input cannot be offset by directly connecting to the 5V 
reference output pin. The compatator input must be 
connected to a lower voltage point (approximately 2V). 
This allows the integrator output to operate around a 
lower voltage point, assuring linear operation. This 
threshbld voltage does not affect the accuracy or drift of 
the VFC as long as it is not noisy. It should not be made 



too small, however, or the negative ouptut limitation of 
the integrator (—0.2V) may cause saturation. Addition- 
ally, a large integrator capacitor may be used to limit the 
required integrator waveform swing to approxmiately 
lOOmV (see Figure 4). 

Figure 9 shows a circuit for operating from the minimum 
power supplies, avoiding saturation of the integrator 
amplifier and loss of accuracy. Cint is chosen for a 
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FIGURE 9. Circuit Diagram and Integrator Vohage Waveform for Low Power Supply Voltage Operation. 
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-hlOOmV to — 75mV integrator voltage swing (referred to 
the nohinverting comparator input). The offset voltage 
applied to the comparator's noninverting input is derived 
from a resistive voltage divider from Vref. 
The relationships of the allowable operating voltage 
ranges on important pins is shown in Figure 10. Note 
that the integrator amplifier output cannot swing more 
than 0.2V below ground. Although this is not "normal" 
for an operational amplifier, a special internal design of 
this type optimizes high-frequency performance. It is this 
characteristic which necessitates the offsetting of the 
noninverting comparator input in voltage-to-frequency 
mode to avoid negative output swing. 

FREQUENCY-TO-VOLTAGE MODE 

The VFCIOI can also function as a frequency-to-voltage 
converter by applying an input frequency to the compar- 
ator input as shown in Figure 11. The input resistor, Rm, 
is connected as a feedback resistor. The voltage at the 
integrator amp output is proportional to the ratio of the 
input frequency to the clock frequency. The transfer 
function is 

VoUT = (flN/fcLOCK)20V 

This transfer function is complementary to the voltage- 
to-frequency mode transfer function, making voltage-to- 
frequency-to-voltage conversions simple and accurate. 

Direct coupling of the input frequency to the comparator 
is easily accomplished by driving both comparators with 
complementary frequency input signals. Alternatively, 



one of the comparator inputs can be biased at half the 
logic voltage (using Vref and a voltage divider) and the 
other input driven direclty. 

The proper timing of the input frequency waveform is 
shown in Figure 11. The input pulse should go low for 
one clock cycle, centered around a falling edge of the 
clock. The minimum acceptable input pulse width must 
fall no later than 200ns before a negative clock edge and 
rise no sonner than 200ns after the falling clock edge. An 
input pulse which remains low for more than one falling 
edge of the clock will produce incorrect output voltages. 
Positive (active high) input pulses can be accepted by 
reversing the connections to pins 14 and 15. Figure 12 
shows a digital conditioning circuit which will accept any 
input duty cycle and provide the proper pulse width to 
the comparator. Each rising edge at this circuit's input 
generates the required negative pulse at the inverting 
comparator input. The noninverting comparator is driven 
by a complementary signal. 

The integrator amplifier output is designed to drive up to 
10,000pF and 5k ft loads in frequency-to-voltage mode. 
This allows driving long lines in a large system. 
Ripple voltage in the voltage output is unavoidable and 
is inversely proportional to the value of the integrator 
capacitor. Figure 13 shows the output ripple and settling 
time as a function of the Cint value. 

The ripple frequency is equal to the input frequency. Its 
magnitude can be reduced by using a large integrator 
capacitor value, but at the sacrifice of slow settling time 
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FIGURE 11. Circuit and Timing Diagram of a Frequency-to- Voltage Converter. 
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FIGURE 12. Digital Timing Input Conditioning Circuit for Frequency-to-Voltage Operation. 
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FIGURE 13. Frequency-to-Voltage Mode Output 

Ripple and Settling Time vs Integrator 
Capacitance. 



at the voltage output in response to an input frequency 
change. The settling time constant is equal to Rm X 
CiNT. A better compromise between output ripple and 
settling time can be achieved by using a moderately low 
integrator capacitor value and adding a low-pass filter 
on the analog output. The cutoff frequency of the filter 
should be made below the lowest expected input fre- 
quency to the frequency-to-voltage converter. 

NOTE: Several useful applications circuits may be found 
in the VFCIOO product data sheet. These require only 
minor adaptation to the different pinout and input 
resistor configurations of the VFCIOI. 
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VFC110 




ADVANCE INFORMATION 
SUBJECT TO CHANGE 



High-Frequency 
VOLTAGE-TO-FREQUENCY CONVERTER 



FEATURES 

• HIGH FREQUENCY OPERATION: 
4MHz FS max 

• EXCELLENT LINEARITY: 
±0.05% max at 1MHz 
±0.05%typat2MHz 

• PRECISION 5V REFERENCE 
m DISABLE PIN 



DESCRIPTION 

The VFC 110 YoItage-to-Frequency Converteris a third- 
generation VFC offering improved features and per- 
formance. These include higher frequency operation, 
an on-board precision 5V reference and a Disable 
function. 

The precision 5 V reference and can be used for offset- 
ting the VFC transfer function, as well as exciting 
transducers or bridges. The Disable pin allows several 
VFCs' outputs to be paralleled, multiplexed, or simply 
to shut off the VFC. The open-collector frequency 
1,^ Voy, Comparator 



APPLICATIONS 

• INTEGRATING A/D CONVERSION 

• PROCESS CONTROL 

• VOLTAGE ISOLATION 

• VOLTAGE-CONTROLLED OSCILLATOR 

• FM TELEMETRY 



output is TTL/CMOS-compatible. The output may be 
isolated by using an opto-coupler or transformer. 

Internal input resistor, one-shot and integrator capaci- 
tors simplify applications circuits. These components 
are trimmed for a full-scale output frequency of 4MHz 
at lOV input. No additional components are required for 
many applicaticms. 

The VFCIOO is packaged in plastic and ceramic 14-pin 
DIPs. Industrial and military temperature range grade- 
outs are available. 
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SPECIFICATIONS 

At T^ = +25*'C and Vg = ±15V unless otherwise noted. 



MODEL 


VFC110BQ 


VFC110AQ/SG/AP 




PARAMETER 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


UNITS 


VOLTAGE TO FREQUENCY OPERATION 
















NonlinearJty. fps = 100kHz 




0.005 


0.01 




0.01 


0.05 


%FS 


fp3 = 1MHz 




0.01 


0.05 






0.1 


%FS 


fps = 2MHz 




0.015 






• 




%FS 


fp3 = 4MHz 




1 






* 




%FS 


Gain Error. f = 1MHz 






5 






* 


% 


Gain Drift. f= 1MHz 






50 






100 


ppm/^C 


Relative to V„gp 




50 






100 




ppm/»C 


PSRR 






0.05 






0.1 


%A^ 


INPUT 
















Full Scale Input 




250 


500 




* 


* 


pA 


'b 




15 


30 




20 


60 


nA 


Vos 






3 






3 


mV 


Vos Drift 




35 






* 




HV/»C 


OPEN COLLECTOR OUTPUT 
















V^Low 






0.4 






* 


V 


'leakage 




0.1 


1 




* 


* 


ma 


Fall Time 




25 








* 


ns 


Delay to Rise 




25 








* 


ns 


REFERENCE VOLTAGE 
















Voltage 


4.95 


5.00 


5.05 


* 


* 


* 


V 


Voltage Drift 






20 






50 


ppm/°C 


Load Regulation, 1^ = to 10mA 




3 


10 




* 


* 


mV 


PSRR. Vs = ±8to±18V 




5 






* 




mV/V 


Current Limit 




15 






* 




mA 


DISABLE INPUT 
















Vh^h 


2.0 






* 






V 


V.OW 






0.4 
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V 


"high 




0.1 






* 




mA 


'low 




1 










ma 


POWER SUPPLY 
















Voltage 


±8 


±15 


±18 


* 


* 


* 


V 


Current 




13 


16 




* 


* 


mA 


TEMPERATURE RANGE 
















Specified 
















AG. BG, AP 
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* 
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»C 


SG 


-65 
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»C 


Storage 
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* 
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BURR- BROWN 




' M. 



VFC320 

MILITARY & DIE 
VERSIONS 
AVAILABLE 



Voltage-to-Frequency 

and Frequency-to-Voltage 

CONVERTER 



FEATURES 

• HIGH LINEARITY, 12 to 14 bits 

±0.005% max at 10kHz FS 
±0.03% max at 100kHz FS 
±0.1%typat1IVIHzFS 

• V/F OR F/V CONVERSION 

• 6-DECAOE DYNAIVIIC RANGE 

• 20ppm/oC max GAIN DRIFT 

• OUTPUT DTL/TTL/CMOS COMPATIBLE 



DESCRIPTION 

The VFC320 monolithic voltage-to-frequency and 
frequency-to-voltage converter provides a simple low 
cost method of converting analog signals into digital 
pulses. The digital output is an open collector and the 
digital pulse train repetition rate is proportional to 
the amplitude of the analog input voltage. Output 
pulses are compatible with DTL, TTL, and CMOS 
logic families. 

High linearity (0.005%, max at lOkHz FS) is achieved 
with relatively few external components. Two 
external resistors and two external capacitors are 



APPLICATIONS 

• INEXPENSIVE A/D AND D/A CONVERTER 

• DIGITAL PANEL METERS 

• TWO-WIRE DIGITAL TRANSMISSION WITH NOISE 

IMMUNITY 

• FM MOD/DEMOD OF TRANSDUCER SIGNALS 

• PRECISION LONG TERM INTEGRATOR 

• HIGH RESOLUTION OPTICAL LINK FOR ISOLATION 

• AC LINE FREQUENCY MONITOR 

• MOTOR SPEED MONITOR AND CONTROL 



required to operate. Full scale frequency and input 
voltage are determined by a resistor in series with -IN 
and two capacitors (one-shot timing and input 
amplifier integration). The other resistor is a non- 
critical open collector pull-up (fouT to +Vcc). The 
VFC320 is available in three performance/ temper- 
ature grades and two package configurations. The 
TO- 100 versions are hermetically sealed, and spec- 
ified for the -25X to +85°C and -55X to +125°C 
ranges, and the dual-in-line units are specified from 
-25"C to +85°C. 
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SPECIFICATIONS 

ELECTRICAL 

At Ta = +25<»C and ±15VDC power supply unless otherwise noted. 



CHARACTERISTICS 


CONDITIONS 


VFC320BG/BM/SM 


VFC320CQ/CM 


UNITS 


MIN 


TYP 


MAX 


MIN 1 TYP 1 MAX 


V/F CONVERTER FouT = 


Vin/7.5 RiCi, Figure 4 






1 


INPUT TO OP AMP 
















Voltage Range<i) 


Fig. 4 with e2 = 
Fig.4withei=0 


>0 
<0 




Note 2 
-10 








V 
V 


Current Range(i) 


liN = Vin/Rin 


+0.25 




+750 


* 




* 


mA 


Bias Current 


















Inverting Input 






4 


8 






* 


nA 


Noninverting Input 






10 


30 








nA 


Offset VoltageO) 








±0.15 






" 


mV 


Offset Voltage Drift 






±5 






* 




mV/oC 


Differential Unpedance 




300115 


650115 




• 


• 




kn II pF 


Common-mode 


















Impedance 




300113 


500 11 3 




• 


* 




kn II pF 


ACCURACY 


















Linearity Error<i)(4)(5) 


Fig. 4 with e2 = 0(6) 


















0.01Hz <fouT< 10kHz 




±0.004 


±0.005 




±0.0015 


±0.002 


% of FSR 




0.1Hz <f0UT< 100kHz 




±0.008 


±0.030 








% of FSR 




1Hz<fouT<1MHz 




±0.1 










% of FSR 


Offset Error Input 


















Offset VoltageO) 








±15 






* 


ppm of FSR 


Offset Drift(7) 






±0.5 










ppm of FSR/*>C 


Gam Error(3) 






±5 


±10 




• 


* 


% of FSR 


Gain Drift(7) 


f = 10kHz 






50 






20 


ppmofFSR/'C 


Full Scale Drift 


f= 10kHz 






50 






20 


ppm of FSR/oC 


(offset drift & 


















gain drift )(7)(8)(9) 


















Power Supply Sensitivity 


±Vcc = 14VDC to 18VDC 






±0.015 






* 


%0fFSR/% 


DYNAMIC RESPONSE 


















Full Scale Frequency 


Cload ^ 50pF 






1 






* 


MHz 


Dynamic Range 




6 






* 






decades 


Settling Time 


(V/F) to specified linearity 
for a full scale input step 




Note 10 






• 






Overload Recovery 


< 50% overload 




Note 10 












OPEN COLLECTOR 0U1 


rpuT 
















Voltage. Logic "0" 


IsiNK = 8mA, max 






0.4 






• 


V 


Leakage Current, 


















Logic "1" 


Vo = 15V 




0.01 


1.0 




• 


* 


mA 


Voltage. Logic "1" 


External pull-up resistor 
required (see Figure 4) 






Vpu 






• 


V 


Duty Cycle at FS 


For Best Lmeanty 




25 






* 




% 


Fall Time 


louT = 5mA. Cload = 500pF 




100 


• 




* 




ns 


F/V CONVERTER VouT = 


= 75RiCi Fin, Figures 






1 


INPUT TO COMPARATC 


R 
















Impedance 




50 II 10 


15011 10 




* 


* 




kn II pF 


Logic "1" 




+1.0 




+vcc 


• 






V 


Logic "0" 




-Vcc 




-0.05 






• 


V 


Pulse-width Range 




0.25 






* 






A/s 


OUTPUT FROM OP AMF 


















Voltage 


IO = 7mA 


to +10 






• 






V 


Current 


Vo = 7VDC 


+10 






* 






mA 


Impedance 


Closed-loop 






0.1 






* 


n 


Capacitive Load 


Without oscillation 






100 






* 


pF 


POWER SUPPLY 1 


Rated Voltage 






±15 






• 




V 


Voltage Range 




±13 , 




±20 


* 




* 


V 


Quiescent Current 






±6.5 


±7 5 








mA 


TEMPERATURE RANGE | 


Specification 


















B and C Grades 




-25 




+85 


• 




• 


oc 


S Grade 




-55 




+125 








°C 


Operating 


















B and C Grades 




-25 




+85 


* 




* 


°C 


S Grade 




-55 




+125 




, 




°C 


Storage 




-65 




+150 


* 
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NOTES 

1 A 25% duty cycle at full scale (0 25mA input current) is recommended where possible to achieve best linearity 

2 Determined by Rin and full scale current range constraints 

3 Adjustable to zero See Offset and Gam Adjustment section . „. 

4 Linearity error at any operating frequency is defined as the deviation from a straight line drawn between the full scale frequency and 1% 
of full scale frequency See Discussion of Specifications section 

5 When offset and gam errors arenulled, at an operating temperature, the linearity error determines the final accuracy 

6 For ei = typical linearity errors are 01% at 10kHz, 2% at 100kHz, 1% at IfVlHz 

7 Exclusive of external components' drift 

8 FSR = Full Scale Range (corresponds to full scale and full scale input voltage 

9 Positive drift is defined to be increasing frequency with increasing temperature 
10 One pulse of new frequency plus SOnsec typical 



ABSOLUTE MAXIMUM RATINGS 




Supply Voltages 




±20V 


Output Sink Current at fouT 




50mA 


Output Current at VouT 




+20mA 


Input Voltage, -Input 




±VCC 


Input Voltage, +lnput 




±Vcc 


Storage Temperature Range 




-65°Cto+150°C 


Lead Temperature (soldering. 


10 seconds 1 


+300° C 



MECHANICAL 



VFC320BM/CM/SM 
TO-100 PACKAGE 



NOTE 

Leads m true position within 
10"'0 25mm^ R at MMC at 
seating plane 

Pin numbers shown for reference only 
Numbers may not be marked on package 



DIM 


INCHES 


MILLIMETERS ] 


MIN 


MAX 


MIN 


MAX 




335 


370 


8 51 


9 40 




SO-^ 


335 


7 75 


8 51 


C 


165 


185 


4 19 


4 70 


D 


016 


021 


041 


53 


E 


010 


040 


25 


1 02 


F 


010 


040 


25 


1 02 


C. 


230 BASIC 


5 84 BASIC 1 


H 


028 


034 


071 


86 


J 


029 


045 


74 


1 14 


K 


•-'00 




12 70 




L 


,.0 


160 


3 05 


4 06 


M 


J6" BASIC 


36° BASIC 


N 


110 1 120 


2 79 1 3 05 




VFC320BG/CG 
CERAMIC DUAL-IN-LINE 



NOTE 

Leads m true position within 
10" i0 25mm Rat MMC at 
seating plane 

Pin numbers shown for 
reference only Numbers may 
not be marked on package 



[14 7 ^ ^ ^ y ? 


fJU 

A -^ * 



M^ 



w 



3Si 



I -*^t-^Dj I ^-Seating Plan 



DIM 


INCHES 


MILLIMETERS j 


MIN 


MAX 


MIN 


MAX 


A 


670 


710 


17 02 


18 03 


C 


065 


170 " 


'^ 65 


4 32 


D 


015 


021 


38 


53 


f 


045 


060 


1 14 


1 52 


G 


100 BASIC 


2 54 BASIC ] 


H 


025 


070 


64 


1 ;8 


J 


008 


012 


20 


30 


K 


120 


240 


3 05 


6 10 


L 


300 BASIC 


7 62 BASIC j 


M 




10° 




10° 


N 


009 


060 


23 


1 52 



PIN CONFIGURATIONS 



M PACKAGE 
TO-IOOi 



-Vcc iCASEi 
SWITCH-^ 



ONE-SHOT r^ 
CAPACITOR 




COMPARATOR 
INPUT 



NC"V^^ X " A ^/ fOUT 
NO - NO INTERNAL CONNECTION 
EXTERNAL CONNECTION PERMITTED 



G PACKAGE 
(DUAL-IN-LINE 



ONE-SHOT 
CAPACITOR I 




1 COMPARATOR 
I INPUT 



Burr-Brown IC Data Book 



10-56 



Vol. 33 



DISCUSSION OF 
SPECIFICATIONS 

LINEARITY 

Linearity is the maximum deviation of the actual transfer 
function from a straight line drawn between the end 
points ( 1 00% full scale input or frequency and 0. 1 % of full 
scale called zero). Linearity is the most demanding 
measure of voltage-to-frequency converter performance, 
and is a function of the full scale frequency. Refer to 
Figure 1 to determine typical linearity error for your 
application. Once the full scale frequency is chosen, the 
linearity is a function of operating frequency as it varies 
between zero and full scale. Examples for lOkHz full 
scale are shown in Figure 2. Best linearity is achieved at 
lower gains (Afoui/AViN) with operation as close to the 
chosen full scale frequency as possible. 
The high linearity of the VFC320 makes the device an 
excellent choice for use as the front end of A/D 
converters with 12- to 14-bit resolution, and for highly 
accurate transfer of analog data over long lines in noisy 
environments (2-wire digital transmission). 



temperature, the drift coefficients of external components 
(especially Ri and Ci) must be added to the drift of the 
VFC320. 
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FIGURE 2. Linearity Error vs Operating Frequency. 

FREQUENCY STABILITY VS TEMPERATURE 

The full scale frequency drift of the VFC320 versus 
temperature is expressed as parts per million of full scale 
range per "C. As shown in Figure 3, the drift increases 
above lOkHz. To determine the total accuracy drift over 
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FIGURE 3. Full Scale Drift vs Full Scale Frequency. 
RESPONSE 

Response of the VFC320 to changes in input signal level 
is specified for a full scale step, and is 50nsec plus 1 pulse 
of the new frequency. For a 1 OV input signal step with the 
VFC320 operating at lOOkHz full scale, the settling time 
to within ±0.01% of full scale is lO/zs. 

THEORY OF OPERATION 

The VFC320 monolithic voltage-to-frequency converter 
provides a digital pulse train output whose repetition rate 
is directly proportional to the analog input voltage. The 
circuit shown in Figure 4 is composed of an input 
amplifier, two comparators and a flip-flop (forming a 
one-shot), two switched current sinks, and an open 
collector output transistor stage. Essentially the input 
amplifier acts as an integrator that produces a two-part 
ramp. The first part is a function of the input voltage, and 
the second part is dependent on the input voltage and 
current sink. When a positive input voltage is applied at 
ViN, a current will flow through the input resistor, 
causing the voltage at Vom to ramp down toward zero, 
according to dV/dt = Vin/RiCi. During this time the 
constant current sink is disabled by the switch. Note, this 
period is only dependent on Vin and the integrating 
components. 

When the ramp reaches a voltage close to zero, 
comparator A sets the flip-flop. This closes the current 
sink switches as well as changing foui from logic to logic 
I. The ramp now begins to ramp up, and 1mA charges 
through Ci until Vci = -7.5V. Note this ramp period is 
dependent on the 1mA current sink, Connected to the 
negtjtive input of the op amp, as well as the input voltage. 
At this -7.5V threshold point at Ci, comparator B resets 
the flip-flop, and the ramp voltage begins to ramp down 
again before the input amplifier has a chance to saturate. 
In effect the comparators and flip-flop form a one-shot 
whose period is determined by the internal reference and 
a 1 m A current sink plus the external capacitor, Ci . After 
the one-shot resets, four changes back to logic and the 
cycle begins again. 
The transfer function for the VFC320 is derived for the 
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INTEGRATING CAPACITOR 



FOR POSITIVE INPUT VOLTAGES 

lUSEe|. SHORT 62- 
FOR NEGATIVE INPUT VOLTAGES 

USE 82. SHORT e^. 
FOR DIFFERENTIAL INPUT VOLTAGES 
USEBf and 62. 
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FIGURE 4. Functional Block Diagram of the VFC320. 



the circuit shown in Figure 4. Detailed waveforms are 
shown in Figure 5. 

^^•^^ = t,+t2 ^'^ 

In the time t- + tl the integrator capacitor C2 charges 
and discharges but the net voltage change is zero. 



Thus AQ = = IiN 1 1 + (IiN - 1a) t2 

S0thatIlN(tl -f t2)=lAt2 

But since 1 1 + t 



_ 1 



foUT = 



^ andliN = 11^ 

IQUT . Ri 

ViN 
lARlt2 



(2) 

(3) 

(4), (5) 
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FIGURE 5. Integrator and VFC Output Timing. 

In the time t2, Ib charges the one-shot capacitor C\ until 
its voltage reaches -7.5V and trips comparator B. 



Thus t2 = 



_ Ci 7.5 



Ih 



Using (7) in (6) yield four = 
Since U = Ib the result is 

f - V»N 



ViN ^ Ib 
7.5 R,C, Ia 



(7) 
(8) 

(9) 



Since the integrating capacitor, C2, affects both the rising 
and falling segments of the ramp voltage, its tolerance 
and temperature coefficient do not affect the output 
frequency. It should, however, have a leakage current 
that is small compared to Iin, since this parameter will 
add directly to the gain error of the VFC. Ci, which 
controls the one-shot period, should be very precise since 
its tolerance and temperature coefficient add directly to 
the errors in the transfer function. 

The operation of the VFC320 as a highly linear frequency- 
to-voltage converter, follows the same theory of opera- 
tion as the voltage-to-frequency converter, ei and e2 are 
shorted and Fm is disconnected from Voui. Fin is then 
driven with a signal which is sufficient to trigger 
comparator A. The one-shot period will then be 
determined by C\ as before, but the cycle repetition 
frequency will be dictated by the digital input at Fin. 



DUTY CYCLE 

The duty cycle (D) of the VFC is the ratio of the one-shot 
period (t2) or pulse width, PW, to the total VFC period (ti 
+ 12). For the VFC320, t2 is fixed and ti + 12 varies as the 
input voltage. Thus the duty cycle, D, is a function of the 
input voltage. Of particular interest is the duty cycle at 
full scale frequency, Dfs, which occurs at full scale input. 
Dfs is a user determined parameter which affects linearity. 



Dfs = 



tl+t2 



= PW X fps 



Best linearity is achieved when Dps is 25%. By reducing 
equations (7) and (9) it can be shown that 

n =. ^»N max / Ri _ I in max 
^^' 1mA " 1mA 

Thus Dfs = 0.25 corresponds to Iin max = 0.25mA. 



Burr-Brown IC Data Book 



10-58 



Vol. 33 



INSTALLATION AND 
OPERATING INSTRUCTIONS 

VOLTAGE-TO-FREQUENCY CONVERSION 

The VFC320 can be connected to operate as a V/F 
converter that will accept either positive or negative input 
voltages, or an input current. Refer to Figures 6 and 7. 
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FIGURE 6. Connection Diagram for V/F Conversion, 
Positive Input Voltages. 



GAIN ADJ. 



^2 INTEGRATOR CAP. 




I -15V u ., , 

OFFSET ADJ. "*CC I4 

ONE-SHOT , 

CAP. I 1_5_ 






.Vpi, 



X Ncfo" 



«2 



r 



CO 

no 



ONE' 
SHOT 



d<^ 



NC 



'out 

-BYPASS WITH 0.01 mF p|,| NUMBERS IN SQUARES REFER TO DIP PACKAGE 



FIGURE 7. Connection Diagram for V/F Conversion, 
Negative Input Voltages. 

EXTERNAL COMPONENT SELECTION 

In general the design sequence consists of: (1) choosing 
fMAx, (2) choosing the duty cycle at full scale (Dfs = 0.25 
typically), (3) determining the input resistor, Ri (Figure 
4), (4) calculating the one-shot capacitor, Ci, (5) selecting 
the integrator capacitor C2, and (6) selecting the output 
pull-up resistor, R2. 

In put Resistors Ri and R3 

The input resistance (Ri and R3 in Figures 6 and 7) is 



calculated to set the desired input current at full scale 
input voltage. This is normally 0.25mA to provide a 25% 
duty cycle at full scale input and output. Values other 
than Dfs = 0.25 may be used but linearity will be affected. 
The nominal value is Ri is 
ViN max 
R 



(10) 



0.25mA 

If gain trimming is to be done, the nominal value is 
reduced by the tolerance of Ci and thedesired trim range. 
Ri should have a very-low temperature coefficient since 
its drift adds directly to the errors in the transfer function. 

One-Shot Capacitor, Ci 

This capacitor determines the duration of the one-shot 

pulse. From equation (9) the nominal value is 

c.no.= irr^h- til) 



7.5 Ri fou 

For the usual 25% duty at fiviAx = Vin/ Ri = 0.25mA there 
is approximately 1 5pF of residual capacitance so that the 
design value is 



C,(pF) = 



33 X 10' 

fF« 



15 



(12) 



where fFs is the full scale output frequency in Hz. The 
temperature drift of Ci is critical since it will add directly 
to the errors of the transfer function. An NPO ceramic 
type is recommended. Every effort should be made to 
minimize stray capacitance associated with Ci. It should 
be mounted as close to the VFC320 as possible. Figure 8 
shows pulse width and full scale frequency for various 
values of Ci at Dfs = 25%. 
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FIGURE 8. Output Pulse Width (Dfs = 0.25) and Full 
Scale Frequency vs External One-shot 
Capacitance. 



Integrating Capacitor, C2 

Since C2 does not occur m the V/F transfer function 
equation (9), its tolerance and temperature stability are 
not important; however, leakage current in C2 causes a 
gain error. A ceramic type is sufficient for most 
applications. The value of C2 determines the amplitude of 
Vour. Input amplifier saturation, noise levels for the 
comparators and slew rate limiting of the integrator 
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determine a range of acceptable values, 

I100/fFs;if fps^ lOOkHz (13) 

0.001; if 100kHz<fFs^ 500kHz 
0.0005; if fps > 500kHz 
Output Pull Up Resistor R2. 

The open collector output can sink up to 8mA and still be 
TTL-compatible. Select R2 according to this equation: 

R2 min (H) = Vpui.Lup/(8mA - Iload) 
A 10% carbon film resistor is suitable for use as R2. 
Trimmin g Components R3, R4, Rs 
R5 nulls the offset voltage of the input amplifier. It should 
have a series resistance between lOkH and lOOkH and a 
temperature coefficient less than 100ppm/°C. R4 can be a 
10% carbon film resistor with a value of lOMH. 

R3 nulls the gain errors of the converter and compensates 
for intitial tolerances of Ri and Ci. Its total resistance 
should be at least 20% of Ri , if Ri is selected 1 0% low. Its 
temperature coefficient should be no greater than five 
times that of Ri, to maintain a low drift of the R3 - Ri 
series combination. 

OFFSET AND GAIN ADJUSTMENT PROCEDURES 

To null errors to zero, follow this procedure: 

1 . Apply an input voltage that should produce an output 

frequency of 0.001 x full scale. 

2. Adjust R5 for proper output. 

3. Apply the full scale input voltage. 

4. Adjust R3 for proper output. 

5. Repeat steps 1 through 4. 

If nulling is unnecessary for the application, delete R4 and 
R5, and replace R3 with a short circuit. 

POWER SUPPLY CONSIDERATIONS 

The power supply rejection ratio of the VFC320 is 
0.015% of FSR/% max. To maintain ±0.015% con- 
version, power supplies which are stable to within ±1% 
are recommeded. These supplies should be bypassed as 
close as possible to the converter with 0.0 1 /zF capacitors. 
Internal circuitry causes some current to flow in the 
common connection (pin II on DIP package). Current 
flowing into the four pin (logic sink current) will also 
contribute to this current. It is advisable to separate this 
common lead ground from the analog ground associated 
with the integrator input to avoid errors produced by 
these currents flowing through any ground return impe- 
dance. 

DESIGN EXAMPLE 

Given a full scale input of + 10V, select the values of Ri, 
R2, R3, Ci, and C2 for a 25% duty cycle at lOOkHz 
maximum operation into one TTL load. See Figure 6. 
Selectin gCi (Dps = 0.25) 

C,=[(33x 10')/fMAx]-15 [(66 X 10'')/fMAx] -15 

if Dps = 0.5 

= [(33xlO')/100kHz]-15 

= 315pF 
Choose a 300pF NPO ceramic capacitor with 1% to 10% 
tolerance. 



Selectin g Ri and R3 (Dps = 0.25) 
Ri + R3 = ViN max/0.25mA Vin max/ 0.5mA 

if Dps = 0.5 

= 10V/0.25mA 

= 40kn 
Choose 32.4kn metal film resistor with 1% tolerance and 
R3 = lOkn cermet potentiometer. 

Selectin g C2 

C2=10'/F.ax 

= lO'/lOOkHz 
= 0.001mF 
Choose a 0.00 l/iF capacitor with ±5% tolerance. 

Selectin g R2 

R2 = VpuLLUp/(8mA - iLOAo) 

= 5V/(8mA - 1.6mA), one TTL-load = 1.6mA 

= 78 in 
Choose a 7500 1/4-watt carbon compensation resistor 
with ±5% tolerance. 

FREQUENCY-TO-VOLTAGE CONVERSION 

To operate the VFC320 as a frequency-to-voltage 
converter, connect the unit as shown in Figure 9. To 
interface with, TTL-logic, the input should be coupled 
through a capacitor, and the input to pin 10 biased near 
+2.5V. The converter will detect the falling edges of the 
input pulse train as the voltage at pin 10 crosses zero. 
Choose C3 to make t = O.lt (see Figure 9). For input 
signals with amplitudes less than 5V, pin 10 should be 
biased closer to zero, to insure that the input signal at pin 
10 crosses the zero threshold. Errors are nulled following 
the procedure given on this page, using 0.001 x full scale 
frequency to null offset, and full scale frequency to null 
the gain error. Use equations from V/F calculations to 
find Ri, R3, R4, Rs, Ci and C2. 
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FIGURE 9. Connection Diagram for F/V Conversion. 
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TYPICAL APPLICATIONS 

Excellent linearity, wide dynamic range, and compatible 
TTL, DTL, and CMOS digital output make the VFC320 
ideal for a variety of VFC applications. High accuracy 
allows the VFC320 to be used where absolute or exact 



readings must be made. It is also suitable for systems 

requiring high resolution up to 14 bits. 

Figures 10-14 show typical applications of the VFC320. 
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FIGURE 10. Inexpensive A/D with Two-Wire Digital Transmission Over Twisted Pair. 
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FIGURE 11. Inexpensive Digital Panel Meter. 
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FIGURE 12. Remote Transducer Readout via Fiber Optic Link (analog and digital output). 
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FIGURE 13. Bipolar input is accomplished by offsetting 
the input to the VFC with a reference 
voltage. Accurately matched resistors in 
the REFlOl provide a stable half-scale 
output frequency at zero volts input. 



FIGURE 14. Absolute value circuit with the VFC320. 
Op amp, Di and Qi (its base-emitter junc- 
tion functioning as a diode) provide full- 
wave rectification of bipolar input volt- 
ages. VFC output frequency is propor- 
tional to |ei|. The sign bit output provides 
indication of the input polarity. 
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DATA ACQUISITION COMPONENTS 



If your system requires data acquisition and conversion, you may want to 
consider one of our system data modules (SDM). These products contain a 
multiplexer, A/D converter, and timing and control logic, with instrumen- 
tation amplifiers and sample/hold circuits also available. 

As with all Burr-Brown conversion products, these units are designed to 
provide a total solution. They are very popular in applications requiring 
rapid design turnaround because they offer a fully optimized analog circuit 
layout. Typical applications include industrial measurement and control 
(such as process monitoring), test equipment, and any other appUcation 
requiring total guaranteed performance with a minimum of utilized space. 
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DATA ACQUISITION COMPONENTS 

SELECTION GUIDE 

The Selection Guide shows parameters for the high grade. Refer to the 
Product Data Sheet for a full selection of grades. Models shown in boldface 
are new products introduced since publication of the previous Burr-Brown IC 
Data Book. 



DATA ACQUISITION COMPONENTS 












Boldface 


j = NEW 


Model 


Resolution 
Channels (Bits) 


Linearity 
Error (%FSR) 


Input 
Range (V)<^) 


Throughput 
Rate (kHz) 


Temp 
Range(2) 




Pkg<3) 


Page 


SDM862 
SDM863 
SDM872 
SDM873 


16 single ended 12 
8 differential 12 
16 single ended 12 
8 differential 12 


±0.012 
±0.012 
±0.012 
±0.012 


10, 20 U/B 
10, 20 U/B 
10, 20 U/B 
10, 20 U/B 


33 
33 
50 
50 


Com, Ind, 
Com, Ind, 
Com, Ind, 
Com, Ind, 


Mil 
Mil 
Mil 
Mil 


LCC, PGA 
LCC, PGA 
LCC, PGA 
LCC, PGA 


11-3 
11-3 
11-3 
11-3 



NOTES: (1) U/B indicates tlie input voltage range for tiie model: U = unipolar, B = bipolar. (2) Temperature Range: Com 
= 0°C to +70°C, Ind = ~25°C to +85°C, Mil « -55°C to +125°C. (3) LCC = Hermetic 0.95" (typ) square Leadless Chip Carrier, 
PGA = Hermetic 1.1" (typ) square Pin Grid Array. 



MODELS STILL AVAILABLE BUT NOT FEATURED IN THIS BOOK 

SDM854AG 
SDM854BG 
SDM856JG 
SDM856KG 
SDM857JG 
SDM857KG 
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BURR-BRO>A/N® 




SDM862 
SDM863 
SDM872 
SDM873 



16 Single Ended/8 Differential Input 
12-BIT DATA ACQUISITION SYSTEMS 



FEATURES 

• COMPLETE 12-BIT DATA ACQUISITION SYSTEM IN 
A MINIATURE PACKAGE 

• INPUT RANGES SELECTABLE FOR UNIPOLAR OR 
BIPOLAR OPERATION 

• THROUGHPUT RATES: 862/3 872/3 

8-BIT ACCURACY: 45kHz 67kHz 
12-BIT ACCURACY: 33kHz 50kHz 

• SELECTABLE GAINS OF 1. 10. AND 100 

• FULL MICROPROCESSOR COMPATIBLE INTERFACE 

• GUARANTEED NO MISSING CODES OVER 
TEMPERATURE 

• SURFACE-MOUNT OR PIN GRID ARRAY PACKAGE 
OPTIONS 

• FULL SPECIFICATION OVER THREE TEMPERATURE 
RANGES: 

TO -h70°C 
-25 TO +85°C 
-55 TO H-125°C 



DESCRIPTION 



16 Single-Ended Inputs: SDM862 SDM872 
8 Differential Inputs: SDM863 SDM873 

33kHz Throughput Rate: SDM862 SDM863 
50kHz Throughput Rate: SDM872 SDM873 
The SDM components are complete, pin-compatible, 
data acquisition systems housed in a hermetically 
sealed T'-square leadless chip carrier or a 1.1 "-square 
pin grid array. The small package outlines and low 
power consumption provide an ideal data acquisition 
solution when space is at a premium. 
The devices comprise of an input multiplexer, instru- 
mentation amplifier with selectable gains, sample/ 
hold amplifier and A/D converter with micropro- 
cessor interface and three-state buffers. 
The SDM family will accept unipolar or bipolar 
voltage inputs in the range to +10V, ±5V and 
+ 10V. For low-level signals, jumper-selectable gains 
of 10 or 100 can be applied. The number of input 
channels can be expanded by the addition of multi- 
plexers. System integration is simplified by the 
microprocessor interface and the facility of the 
sample/ hold amplifier being controlled directly by 
the A/D converter. 







862/872 863/873 
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16 SINGLE-ENDED 

OR 
8 DIFFERENTIAL 

INPUT 
MULTIPLEXER 



nui 



Z Z -J 

±< lU 
ICO 

o 




'(OUTPUT MUX MINUS) 
ONLY ON SDM863/873 



SPECIFICATIONS 



ELECTRICAL 

At 25°C, Vcc = ±15V, Vdd = 5V, external sample/hold capacitor of 4700pF. All grades are burned-in at +125*'C for 48 hours min 





SDM862/863/872/873 J, A, R 


SDM862/863/872/873 K, B, S 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


RESOLUTION 






12 






* 


BITS 


INPUT 1 


ANALOG 






1 








Voltage Ranges. Bipolar 






±5. ±10 






V 


Unipolar 






0-10 






V 


Input Impedance: On Channel 




10'° 













Off Channel 




10'° 










n 


Input Capacitance: On Channel 




20 










PF 


Off Channel 




20 










PF 


CMRR(20VDCto1kHz) 


80 


85 




* 






dB 


Crosstalk (20Vp-p. 1kHz)''' 




-85 


-80 






* 


dB 


Feedthrough(atlkHz)"' 




-85 


-80 






* 


dB 


Offset (channel to channel) G = 1 '^' 




30 


100 






* 


A^V 


Input Bias Current/Channel 




1 


5 






* 


nA 


Input Voltage Range '=" 


+10 


+11 




* 






V 




-10 


-15 




* 






V 


DIGITAL 
















MUX Input Channel Select. Logic '1* (2V) 




5 


30 






* 


M 


Logic '0' (0.8V) 




5 


30 






* 


M 


S/H Command: Logic '1* (2V) 




02 










nA 


Logic '0' (0 8V) 




5 


30 






* 


M 


ADC Section: Logic '1' (2.4V) 






10 






* 


//A 


Logic '0' (0.8V) 






10 






* 


M 


TRANSFER CHARACTERISTICS | 


ACCURACY 
















Integral Linearity '*' 






±0.024 






±0.012 


%FSR 


Differential Linearity '*' 






±0.024 






±0.012 


%FSR 


Gam Error '^'- G = 1 




0.7 






* 




% 


: G = 100 




0.9 






* 




% 


Unipolar Offset Error '^* 




16 






* 




mV 


Bipolar Offset Error '=' 




50 






* 




mV 


Noise Error 
















(Measured at S/H Output) G = 1 




0.5 


1 




« 


* 


mVp-p 


Droop Rate 




50 


500 




* 


* 


//V/ms 


Temperature Coefficients. 
















Unipolar Offset 






20 






15 


ppm of FSR/X 


Bipolar Offset 






30 






25 


ppm of FSR/**C 


Full-scale Calibration 






60 






35 


ppm of FSR/X 
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SPECIFICATIONS 



ELECTRICAL 

At 25'C, Vcc = ±15V, Vdd = 5V, external sample/hold capacitor of 4700pF 





SDM862/863/872/873 J, A, R 


SDM862/863/872/873 K, B, S 


UNITS 


MIN 1 TYP 1 MAX 


MIN 1 TYP 1 MAX 


SYSTEM TIMINGS | 


ADC Conversion Time SDM862/SDM863 


15 


20 


25 


* 


* 


* 


MS 


SDM872/SDM873 


9 


12 


15 


* 


* 


* 


fJS 


S/H Aperture Delay 




50 






* 




ns 


S/H Aperture Uncertainty 




2 






* 




ns 


TIMING 1 


Acquisition Time 




5 






* 




//s 


(to 01% of final value for full scale step) 
















Throughput (Serial Mode) 
















SDM862/SDM863 






22 






* 


kHz 


SDM872/SDM873 






28 






« 


kHz 


(Overlap Mode) 
















SDM862/SDM863 






33 






* 


kHz 


SDM872/SDM873 






50 






41 


kHz 


MULTIPLEXER'^' 
















Switching time (between channels) 




+1 5 






* 




//S 


Settling time (10V step to 02%) 




25 






* 




^s 


Enable time 'ON' 




1 


2 




* 


* 


/iS 


'OFF 




25 


05 




* 


* 


mS 


INSTRUMENTATION AMPLIFIER'^' 
















Settling time (20V step to 01%) 
















G = 1 




5 


125 




* 


* 


/wS 


G = 10 




3 


75 




* 


* 


/jS 


G = 100 




4 


75 




* 


* 


^s 


Slew rate 


12 


17 




* 


* 




V//iS 


S/H AMPLIFIER'^' 
















Acquisition time (10V step to 01%) 




5 






* 




uS 


Aperture delay 




50 






* 




nS 


Hold mode settling time 




1 5 






* 




/wS 


Slew rate 




10 




_ J 


* 




V///S 


OUTPUT 1 


DIGITAL DATA 






1 








Output Codes Unipolar 






Unipolar Straight Binary (USB) 








Bipolar 






Bipolar Offset Binary (BOB) 








Logic Levels Logic (sinl< = 1 6mA) 






+0 4 






* 


V 


Logic 1 (source = 500//A) 


+2 4 






* 






V 


Leakage (Data Bits Only), High-Z State 


-5 


01 


+5 


* 


* 


* 


/iA 


POWER SUPPLY REQUIREMENTS | 


Rated Voltage. Analog (±Vcc) 


14 25 


15 


15 75 


* 






VDC 


Digital (VDD) 


4 75 


5 


5 25 


* 






VDC 


Supply Dram +15V 




28 


40 








mA 


-15V 




36 


45 








mA 


+5V 




8 


15 








mA 


Power Dissipation 




1 


1 4 








W 


TEMPERATURE RANGE | 


Operating Temperature Range 
















JH. KH/JL, KL 







70 


* 




* 


"C 


AH. BH/AL. BL 


-25 




+85 


♦ 




* 


X 


RH, SH/RL, SL 


-55 




+125 


* 




* 


°C 


Storage Temperature Range 


-65 




+150 


* 




* 


°C 



i2 

Z 
UJ 

z 
o 

a. 

S 

o 
o 

z 
o 

F 
w 

3 

o 
u 

< 

< 

Q 



* Specification same as SDM862/863/872/873J, A, R grades 

NOTES (1) Measured at the sample and hold output (2) Measured with all input channels grounded. (3) The range of voltage on any input with respect to 
common over which accuracy and leakage current is guaranteed (4) Applicable over full operating temperature range NO MISSING CODES GUARANTEED OVER 
TEMPERATURE RANGE (5) Adjustable to zero using external potentiometer or select-on-test resistor (6) Specifications are at +25*'C and measured at 50% level 
of transition 
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DIGITAL TIMING 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


CONVERT MODE 












tdsc 


Status delay from CE 




100 


200 


nS 


thee 


CE Pulse width 


50 


30 




nS 


tssc 


CS to CE setup 


50 


20 




nS 


thsc 


CS low during CEhigh 


50 


20 




nS 


tsrc 


R/C to CE setup 


50 







nS 


thrc 


R/C low during CE high 


50 


20 




nS 


tsac 


Byte select to CE setup 










nS 


thac 


Byte selected valid during CE high 


50 


20 




nS 


tc86X 


Conversion time. 12 bit cycle 


15 


20 


25 


/iS 




8 bit cycle 


10 


13 


17 


/iS 


tc87X 


Conversion time 1 2 bit cycle 


9 


12 


15 


//S 




8 bit cycle 


6 


8 


10 


uS 


READ MODE 












tdd 


Access time from CE 




75 


150 


nS 


thd 


Data valid after CE low 


25 


35 




nS 


thi 


Output float delay 




100 


150 


nS 


tssr 


CS to CE setup 


50 







nS 


tsrr 


R/C to CE setup 










nS 


tsar 


By^te select to CE setup 


50 


25 




nS 


thsr 


CS valid after CE low 










nS 


thrr 


R/C high after CE low 










nS 


thar 


Byte select valid after CE low 


50 


25 




nS 


ths 86X 


Status delay after data valid 


300 


500 


1000 


nS 


ths 87X 


Status delay after data valid 


100 


300 


600 


nS 




HIGH IMPEDANCE 



CONVERSION CYCLE TIMING 



CE- 

cs- 



BYTE 
SELECT 



=^: 



-ths-^— thd- 
4— -W "♦-►i 



3^ 



^DATA VALID 



^ALID ♦^^^V - 



READ CYCLE TIMING 



PIN CONFIGURATIONS 



TOP VIEW SDM862/SDM872 

+ 

z 




TOP VIEW SDM863/SDM873 

+ 

z 




03 

) 

T +/AMP 1 
VISE 






Q- 




Q - ^ -^ uj 










p„„o^.p,u, „ggi - 






08SxSS?^?^0°§5|3| 




20IIIIIIII0°° 3505 








2QOOOOOOOOa:Oe>5<Z< 






2QOOOOOOOOa:OC55<5< 


MUX ADD2 




@@@®@®@@@@@@@@@@@ 


© AMP OUT 


MUX ADD2 




@@®@®@@@@®@@@@®@@ 




® 


MUX 




iNA ^ 


® 


MUX 




(NA 1 


® AMP OUT 


MUX ADD1 


@ 












® AMP REF 


MUXADD1 


® 












© AMP REF 




,„. 


















MUX ADDO 


® 








© +15V(1) 
® -15V (1) 


MUX ADDO 


® 








© +15V(1) 
© -15V (1) 














CHO 


(«) 




1 




® +5V(2) 


CH0+ 


® 




1 




® +5V(2) 


1 




1 




CHI 


(46) 




PIN 1 




® STATUS 


CH1 + 


® 




PIN 1 




© STAtUS 


CH2 


® 




GROUPING 1 




© D11 


CH2+ 


® 




GROUPING 1 




© D11 


CH3 
CH4 


® 
® 




BY 1 
FUNCTION DOTTED 
' LINE 




© D10 
© D9 


CH3+ 
CH4+ 


® 
® 




BY 1 
FUNCTION DOTTED 
' LINE 




©D10 
© D9 


CH5 


(i$ 




1 SHOWS 




® D8 


CH5+ 


® 




1 SHOWS 




® D8 


CH6 


(JD 




1 SUPPLY 




® D7 


CH6+ 


(a) 




1 SUPPLY 




® D7 


CH7 


@ 




1 SEPARATION 




® D6 


CH7+ 


® 


—J 


1 SEPARATION 




® D6 


S/HIN 


® 


— 1 




@ D5 


S/HIN 


® 


1 




® D5 


NO 


@ 








,@ D4 


NO 


@ 








® D4 


S/H OUT 
HOLD CAP 
S/H OUT 


® 
@ 


5 






® D3 
® D2 
® D1 


S/H OUT 
HOLD CAP 
S/H OUT 


® 
® 
@ 


i 






® D3 
® D2 
® D1 






A/D 




A/D 




@$ 


)®®®@@@@@@@@@@®@ 




®« 


)®®@@@@(S)@@@@@@®® 






s^^i^S'^ss^s^tiisss 






OM(2) 
CONT 
ELECT 

CS 

MODE 

R/C 

CE 
15V (2) 
FOUT 
0M(2) 
REFIN 
POFF 
^ (lOV) 
g (20V) 
15V (2) 
0M(2) 

DO 




00[[j 5 i^ii-OcQ-zz-O 








OXW < + ^ O CD--IO 






OICO < +^0 CD=-lO 




i55iiJb '^< OOO 






X«iul- ^ < OOO 














^ > Q < < 

OQ 






CO > Q < 5 



ABSOLUTE MAXIMUM RATINGS 



+VCC TO ACOM 
-VCCTOACOM 
+ VDDTODCOM 



-0 5V TO +16V 
+0 5V TO -16V 
-0 5V TO +5 5V 



ANALOG INPUT SIGNAL RANGE 
DIGITAL INPUT SIGNAL 
ACOM TO DCOM 



. + VCC + 20V TO - VCC - 20V 

-0 5VTO+VDD 

±1V 
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PIN DESIGNATION 


DEFINITION 


COMMENTS SDM8X2 = 8DM862orSDM872 


CHOtoCHIS 
CH0toCH7(+,-) 
(PINS 40 to 47. 54 to 61) 




Analog Inputs (Total 16) for single-ended and differential operation. Unused 
inputs must be connected to analog common. 


MUX OUT+/AMP IN+ 
(PIN 65) 


MULTIPLEXER "HI" OUTPUT 


On the SDM8X2 this is the multiplexer output. On the SDM8X3 it is the 
output of the positive selected inputs. It is connected internally to the 
positive input of the instrumentation amplifier. 


MUXOUT (PIN 67) 


MULTIPLEXER "LO" OUTPUT 


This pin is used on the SDM8X3 only. It should be connected to the negative 
input of the instrumentation amplifier. 


AMPIN (PIN 66) 


Negative Input of Instrumentation 
Amplifier 


On the SDM8X2 this should be connected to analog common On the 
SDM8X3 it should be connected to Muxout— (Pin 67). 


AMPOUT (PIN 1) 


Output of instrumentation amplifier 


This pin should be connected to the Input of the S/H amplifier (Pin 39). 


AMP SENSE (PIN 68) 


amplifier. 


This pin will normally be connected direct to AMP OUT (Pin 1). 


AMP REF (PIN 2) 


Reference for amplifier output 


This pin will normally be connected to analog common. Care should be 
taken to minimize tracking and contact resistance to analog common to 
optimize system accuracy. 


S/H OUT (PINS 35/37) 


Output of sample/hold amplifier 


Two pins are provided to facilitate a guard ring around the hold capacitor 
pin. These pins should be connected to either ADC in (20V) or ADC in (10V) 
depending on the desired range. 


HOLD CAP (PIN 36) 


S/H amplifier 


The tracking to the hold capacitor should be as short as possible and a 
guard ring employed using Pins 35 and 37. 


ADC IN (20V); ADC IN (10V) 
(PINS 21. 22) 


Inputs to A/D converter 


Connect to S/H amplifier output. Use appropriate Pin for desired range. 


RG. G10. G100 
(PINS 62. 63. 64) 


Gain setting Pins on instrumentation 
amplifier 


For Gain = 1, no connections. For Gain = 10, connect G10 to RG. 
For Gain = 100, connect G100 to RG. 


REF OUT (PIN 26) 


10V Reference voltage 


This is the reference voltage, for the A/D converter. 


REF IN, BIP OFF 
(PINS 24. 23) 


Reference input and offset input to 


Connect trim potentiometers (or select-on-test resistors) to these pins for 
unipolar or bipolar operation as shown in Figures 12, 13. 


S/H IN (PIN 39) 


Input to sample/hold amplifier 


Connect to amp out (Pin 1). 


MUX ENABLE (PIN 48) 


Multiplex enable/disable 


Logic '1' on this pin will enable a selected channel on the internal 
multiplexer. Logic '0' de-selects all channels. 


MUXADD0toMUXADD3 
(PINS 49 to 52) 


Address inputs for channel selection 


These address lines select a particular channel as specified in Figure 24. 


S/H CONT (PIN 33) 


Track/Hold control on S/H amplifier 


Logic '1' holds an analog value for conversion by the A/D converter. This line 
may be controlled by the status (Pin 6) of the converter to simplify external 
timing control. 


S/H COM (PIN 34) 


Reference for S/H logic control 


Connect to digital common 


DOtoDII (PINS 7 to 18) 


3-state digital outputs 


The 12- or 8-bit result of a conversion is available as output on these pins 
(D0-LSB,D11-MSB). 


STATUS (PIN 6) 


Status of A/D conversion 


This output is at logic '1' while the internal A/D converter is carrying out a 
conversion. This pin may be used to directly control the S/H amplifier. 


CE(PIN28) 


Chip enable 


This Input must be at logic '1' to either Initiate a conversion or read output 
data (see Figures 10. 17, 18, 19, 20). 


CS (PIN 31) 


Chip select 


This input must be at logic '0* to either initiate a conversion or read output 
data (see Figures 10, 17. 18, 19, 20). 


R/C (PIN 29) 


Read/convert 


Data can be read when this pin is logic '1' or a conversion can be initiated 
when this pin is logic '0'. This pin is typically connected to the R/Wcontrol 
line of a microprocessor-based system (see Figures 10, 17. 18, 19, 20). 


DATA MODE (PIN 30) 


Select 12 or 8 Bit Data 


When data mode is at logic *1' all 12 output daia bi\s are enabled 
simultaneously. When data mode is at logic '0' MSBs and LSBs are 
controlled by byte select (Pin 32). 


BYTE SELECT (PIN 32) 


Byte address, short cycle 


When reading output data, byte select at logic '0' enables the 8 MSBs. Byte 
select at logic '1* enables the 4 LSBs. The 4 LSBs can therefore be connected 
to four of the MSB lines for inter-connection to an 8-bit bus. In start convert 
mode, logic '0' enables a 12-bit conversion while logic '1' will short cycle the 
conversion to 8 bits (see Figure 10). 


+15V(1).+15V(2)(PINS3.27) 


Power Supply 


Connect to +15V supply using decoupling as indicated in Figures 15. 16. 


-15V(1).-15V(2)(PINS4,20) 


Power Supply 


Connect to -15V supply using decoupling as indicated in Figures 15, 16. 


AC0M(2) (PIN 25) 


Analog common 


Analog common connection. Note that a common (including digital 
common) should be connected together at one point close to the device 


DOOM (1) (PIN 53) 


Reference for Mux logic control. 


Connect to digital common. 


+5V (PIN 5) 


Logic power supply 


Connect to +5V digital supply line with decoupling as in Figures 15, 16. 


DC0M(2) (PIN 19) 


tines 


Connect to S/H common at one point close to device. 


NC(PIN38) 


No internal connection 
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SYSTEM DESCRIPTION 

The SDM comprises four circuit elements— an input- 
protected multiplexer, an instrumentation amplifier, a 
sample/ hold amplifier, and an analog-to-digital con- 
verter. 

INSTALLATION 

MULTIPLEXER 

The SDM family has a choice of input multiplexers 
(MUX). 

SDM862 and SDM872: 16 single-ended inputs 
SDM863 and SDM873: 8 differential inputs 
The select inputs are designed for use with TTL and 
CMOS logic levels and do not require pull-up resistors 
to ensure break-before-make operation. 
On all models, the analog inputs may be expanded using 
the enable control. See Figure 1. When the enable is at a 
logic "0," the internal MUX is disabled, allowing addi- 
tional multiplexers to be connected in parallel. The 



limiting factor for the number of additional multiplexers 
is the cumulative effect of leakage current flowing in the 
signal source impedance, causing offset errors. 

Differential inputs will generally eliminate the noise 
associated wtih common system grounds, but care must 
be taken to ensure that neither of the differential inputs 
exceed the maximum input range. Otherwise, signal 
distortion will result. A return path for the input bias 
currents must always be provided. This prevents the 
charging of stray capacitances in applications using 
floating sources, such as transformers and thermocouples. 
Multiplexer inputs are protected from overvoltage, as 
indicated in the electrical specifications, and should be 
current limited to 25mA. To avoid signal distortion on 
the selected channel, MUX inputs that are not selected 
should have their input voltages limited to between — Vcc 
and +Vcc— 4V, as voltages outside of these values can 
turn on the non-selected channel. A graph of this 
characteristic is shown in Figure 2 with a possible circuit 
solution where it is known that the input voltages will 
exceed the above values. 



MUX 
EXTERN 



OUT 
5 AO 
O A1 
9z A2 
QiiJ A3 



J^ 



SDM8X2 



MUX 
INTERN 



OUT 

5 AO 
O A1 
9z A2 
Qi^ A3 



_A0 
-A1 
-A2 
-A3 



^ 



MUX 
EXTERN 



+OUT 
5 -OUT 
O AO 
9z A1 
QUJ A2 



JU 



MUX 
INTERN 



+OUT 
:-OUT 
) AO 
>^ A1 
jg A2 



49 



_A0 
-A1 
-A2 



INy^ 



FIGURE 1. External Multiplexer Connections for 
Differential and Single-Ended Operation. 



VoutQ 



ALL OTHER INPUTS 



if>l> 



7- 

6- 

5- 

4- 

3- 

2- 

1 



» INPUT CURRENT (mA) 




-t-^^ t t 
-15V 10V 11V 12V 13V 14V 15V 

INPUT VOLTAGE (V) 




-® 






a 



MUX 
INPUTS 



i SDM 



REF OUT 
lOV 



FIGURE 2. MUX Inputs With Limited Input Voltages 
and Possible Circuit Solution for Non-limited Cases. 
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Where high-speed operation is required and channels 
require rapid sampling, then it is important to buffer the 
inputs against the effect of current sharing between the 
MUX output capacitance and the input filter capacitance. 
See Figure 3. 









1 


MUX 




«— . — 1 _I_ 








[> 






h 


p- 






cb 












1 



FIGURE 3. Filter and MUX Capacitance. 

All data acquisition systems using a MUX require 
consideration of the errors that may be introduced by 
MUX output capacitance. The applications information 
explains this more fully in the input filtering section. 

Shown in Figure 4 is an application that demonstrates the 
flexibility of signal conditioning and gives the opportunity 
to use a higher bandwidth filter. Diodes shown are low 
leakage types (Ina). The low output impedance of the 




FIGURE 4. Example Application Illustrating Flexible 
Signal Conditioning. 



amplifiers reduces the time taken to charge MUX capaci- 
tance Cm. 

INSTRUMENT AMPLIFIER 

The instrument amplifier (INA) presents a very high input 
impedance to the signal source, eliminating gain errors 
introduced by voltage divider action between the source 
output impedance and SDM input impedance. Where the 
differential models are used, the INA performs the 
differential to single-ended conversion required to drive 
the sample/ hold amplifier. Gains may be set by using 
external jumpers, to values of 1 (no jumper), 10 and 100. 
For gains other than these presets, the following formula 
may be used to find an external resistor value to add in 
series with the G = 10 or G = 100 jumpers. 

40 Kn _ Where Ri = 44440, G= 10 input. 

G-1 4040, G= 100 input. 

It should be noted that the internal gain set resistors have 
a ±20% tolerance and ±20ppm/°C drift. 



Rext — 



-In O- 



FET Input 



X10 O- 



•^^►XIOO O- 

eREXT 

^-^ Rg O- 



+ln O- 




FET Input 



Sense 



) Output 



10kO 
-^A^^ O Ret 



FIGURE 5. Use External Gain Set Resistor. 

Where it is necessary to keep the input amplifiers from 
saturating or increasing the overall gain, then the gain of 
the output amplifier can be increased from unity by using 
the circuit in Figure 6. 




FET Input' 



FIGURE 6. Increasing Output Amplifier Gain. 
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The values of the resistors in Figure 6 arc in the following 
table. 



O/P gain 


Ri & Ra ohmt 


R2 ohins 


2 
5 
10 


1200 
1000 
1500 


2740 
511 
340 



Matching of Ri and R3 is required tb maintain high 
common mode rejection (CMR), R2 sets the gain and may 
be varied without effect on CMR. 
To ensure that the effects of temperature are minimized 
when altering the gain with external components, it is 
very important to use low tempco resistors. When 
connecting the output sense, ensure that series resistance 
is minimized because resistance present will degrade 
CMR. 



SETTLING TIME VS GAIN 
(0 01%, 20V STEP) 



10 
Gam (V/V) 



CMR VS FREQUENCY 



120 
100 



.IM. 
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^ 
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\ 


s, 
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> 
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\ 


\ 


S.^ 


1 
Gam = 10, 
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/rs 


\ 


\ 


^v 


Ga 


m = 1 




N 


V 


\ 










> 


\ 



100 Ik 10k 100k 1M 
Frequency (Hz) 



FIGURE 7. Typical INA Settling Time and CMR. 

Some applications may require programmable gains. 
This may be realized with Figure 8. 
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SAMPLE/HOLD AMPLIFIER 

The Sample/ Hold amplifier (S/H) is used to track the 
incoming signal and "hold" the required instantaneous 
value so that it does not change while the ADC is carrying 
out its conversion. Timing for the S/H may be derived 
from the STATUS output of the ADC, with care being 
taken to comply with the SDM timing considerations. 
Capacitors with high insulation resistance and low 
dielectric absorption such as Teflon™, polystyrene or 
polypropylene should be used as storage elements. 
(Polystyrene should not be used above -f 80°C.) Teflon™ is 
recommended for high temperature operation. Care 
should be taken in the printed circuit layout to minimize 
stray capacitance and leakage currents from the capacitor 
to minimize charge offset and droop errors. The use of a 
guard ring driven by the S/H output around the pin 
connecting to the hold capacitor is recommended. (Refer 
to the application board layout for an example of this.) 
The value of the external hold capacitor determines the 
droop rate, charge offset and acquisition time of the S/ H, 
Figure 9. Droop rate for the SDM is specified with a hold 
capacitor value of 4700pf. There is a trade-off between 
acquisition time and droop rate, as the hold capacitor is 
increased in value it takes longer to charge, and hence 
there is a corresponding increase in acquisition time and 
reduction in droop rate. The droop rate is determined by 
the amount of leakage present in the SDM, board leakage 
and the dielectric absorption of the hold capacitance. The 
hold capacitor is also a compensation element for the 
S/H and should not be reduced below 2nf for good 
stability. The offset error in sample mode is not affected 
by the hold capacitor. However, during the transition to 
hold mode there is approximately 5pC of charge injected 
into the hold capacitor, causing an offset error that has 
been nulled for use with a 5nf hold capacitor. Any other 
value for the hold capacitor will cause a minor but fixed 
hold mode offset to be introduced, and is proportional to 
the change in value from 5nf. Therefore the SDM should 
be offset nulled with the S/ H in hold mode. 





Acquisition Time vs Hold Capacitance 
For a 10V step to ±10mV of final value 
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FIGURE 8. Setting Programmable Gains. 



FIGURE 9. Acquisition Time vs. Hold Capacitance for 
a lOV Step Settling to ilOmV of Final Value. 
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ANALOG-TO-DIGITAL CONVERTER 

This circuit element converts the analog voltage presented 
by the sample/ hold amplifier to a digital number in 
binary format under control of the digital signals detailed 
in Figure 10. The converter can convert unipolar and 
bipolar signals in the range lOV and 20V. It can be 
calibrated to remove gain and offset errors from the entire 
system. The converter contains its own clock, voltage 
reference, and microprocessor interface with 3-state 
outputs. The converter will normally be used to digitize 
signals to 12-bit resolution, but it can be short-cycled to 
provide 8-bit resolution at higher speed. The digital 
output is compatible with 8- or 1 6-bit data buses, the data 
format being selected by control signals as detailed in 
Figure 10. 









DATA 


BYTE 




CE 


cs 


R/C 


MODE 


SELECT 


OPERATION 





X 


X 


X 


X 


None 


X 


1 


X 


X 


X 


None 


♦ 








X 





Initiate 12-bit conversion 










X 


1 


Initiate 8-bit conversion 




* 





X 





initiate 12-bit conversion 




♦ 





X 


1 


Initiate 8-bit conversion 









X 





Initiate 12-bit conversion 









X 


1 


Initiate 8-bit conversion 









1 


X 


Enable 12-bit output 















Enable 8 MSBs only 












1 
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FIGURE 10. Control Input Truth Table. 

OPERATING INSTRUCTIONS 

OPERATING MODES 

The SDM can operate in one of two modes, namely serial 
and overlap, as shown in Figure 11. In serial mode, 
control of the device is such that a multiplexer channel X 
is first selected, time is then allowed for the instrumenta- 
tion amplifier to settle, the sample/ hold amplifier is set to 
HOLD mode and finally a conversion is carried out. This 
procedure is then repeated for channel Y. Faster 
throughput can be obtained using overlap mode. While a 
conversion is being carried out by the ADC on a voltage 
from channel X held on the sample/ hold, channel Y is 
selected and the multiplexer and instrumentation ampli- 
fier allowed to settle. In this way, the total throughput 
time is limited only by the sum of the sample/ hold 
acquisition time and the ADC conversion time. 

CALIBRATION - UNIPOLAR 

If adjustment of unipolar offset and gain are not required, 
then the gain set potentiometer in Figure 12 (Unipolar 
operation) may be replaced with a 500, 1% metal film 
resistor, and the offset network replaced with a connec- 
tion from pin 23 to ground. 

CALIBRATION - BIPOLAR 

If adjustment of bipolar offset and gain are not required 
then the gain set and offset potentiometers in Figure 13 



(Bipolar operation) may both be replaced with 500, 1% 
metal film resistors. 

CALIBRATION - GENERAL 

The input voltage ranges of the ADC are 0-lOV, ±5V 
and ±10V. Calibration in all ranges is achieved by 
adjusting the offset and gain potentiometers (indicated 
in Figures 12 and 13) such that the 000 to 001 code 
transition takes place at +1/2LSB from full-scale 
negative (-FS) and the FFE to FFF transition takes 
place at -3/2LSB from full-scale positive (+FS). The 
procedure is therefore to select the required range from 
Figure 14, apply the specified (-FS+1/2LSB) voltage to 
any selected input channel and adjust the offset 
potentiometer for the 000 to 001 transition. The (+FS- 
3/2LSB) voltage should then be applied to the same 
channel and the gain potentiometer adjusted for the FFE 
to FFF transition. The offset should always be made 
before the gain adjustment. 

GROUNDING, DECOUPLING 
AND LAYOUT CONSIDERATIONS 

It should be noted that the multiplexer/ instrumentation 
amplifier section and sample/ hold plus ADC section of 
the SDM have separate power connections. This is to 
enable more flexible grounding techniques to be im- 
plemented, Figures 15, 16. It also facilitates the use of 
independent decoupling of the analog front-end power 
supply, and the ADC plus associated digital circuitry 
power supply if desired. In this way, a separately 
decoupled analog front-end can be made to be sub- 
stantially more immune to power supply noise generated 
by the ADC circuitry than if the power supplies to the two 
sections were directly connected. This feature is important 
where low-level signals are in use or high input signal 
noise immunity is desired. 
The output section has three grounds: 
Pin 25 Analog Common, A/D Converter 
Pin 34 S/ H Amp digital input reference 
Pin 19 Digital Common, A/D Converter 
The input section has one ground: 
Pin 53 Common for digital MUX-inputs and power 

supply decoupling. 
All grounds have to be interconnected externally to the 
SDM, and it is recommended that all grounds are 
connected via one track to a single point as close as 
possible to the SDM. To check that the grounding 
structure is correct, the ground tracking should be 
sketched and a grounding "tree" should result whereby all 
grounds route to a central point. 

In general, layout should be such that analog and digital 
tracks are separated as much as possible with coupling 
between analog and digital lines minimized by careful 
layout. For instance, if the lines must cross they should 
do so at right angles to each other. Parallel analog and 
digital lines should be separated from each other by a 
pattern connected to common. 
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FIGURE 11. Serial and Overlap Modes of Operation. 
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FIGURE 12. Unipolar Calibration. 
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FIGURE 13. Bipolar Calibration. 
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FIGURE 14. Code Transition Ranges. 
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FIGURE 15. Recommended Decoupling of Power Supplies. 
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FIGURE 16. Galvanic Isolation Between Analog and Digital Signals. 



Burr-Brown IC Data Book 



11-13 



Vol 33 



Q 
CO 



CONTROLLING THE SDM 

The Burr-Brown SDM family can be easily interfaced to 
most microprocessor systems, as shown in Figures 17-20. 



The microprocessor may control each conversion, or the 
converter may operate in a stand-alone mode controlled 
only by the R/ C input. 
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FIGURE 17. The SDM Connected to an Input/ Output Port. 
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FIGURE 19. SDM on the Z80 BUS. 
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STAND-ALONE OPERATION 

The stand-alone mode is used in systems containing 
dedicated input ports which do not require full bus 
interface capability. 

Control of the converter is accomplished by a single 
control line connected to R/C. In this mode CS and 
BYTE SELECT are connected to LOW and CE and 
DATA MODE are connected to HIGH. The output data 
are presented as 12-bit words. 

Conversion is initiated by a High-to-Low transition of 
R/C. The three-state data output buffers are enabled 
when R/C is high and STATUS is low. Thus, there are 
two possible modes of operation; conversion can be 
initiated with either positive or negative pulses. In each 
case the R/C pulse must remain low for a minimum of 
50ns. 

Figure 2! illustrates timing when conversion is initiated 
by an R/C pulse which goes low and returns to the high 
state during the conversion. In this case, the three-state 
outputs go to the high-impedance state in response to the 
falling edge of R/C and are enabled for external access of 
the data after completion of the conversion. Figure 22 
illustrates the timing when conversion is initiated by a 
positive R/C pulse. In this mode the output data from the 
previous conversion is enabled during the positive portion 
of R / C . A new conversion is started on the falling edge of 
R/C, and the three-state outputs return to the high 
impedance state until the next occurence of a high R/C 
pulse. Table I lists timing specifications for stand-alone 
operation. 
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FIGURE 21. R/C Pulse Low— Outputs Enabled After 
Conversion. 
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Low R/C Pulse Width 


50 






nS 


tos 


STS Delay from R/C 






200 


nS 


tHDR 


Data Valid After R/C Low 


25 






nS 


tHs 86X 


STS Delay After Data Valid 


300 
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600 
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tHRH 


High R/C Pulse Width 
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nS 
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Data Access Time 




1 


150 


nS 



TABLE I. Stand-Alone Mode Timing. 

FULLY CONTROLLED OPERATION 
Conversion Length 

Conversion length (8-bit or 12-bit) is determined by the 
state of the BYTE SELECT input, which is latched upon 
receipt of a conversion start transition. BYTE SELECT is 
latched because it is also involved in enabling the output 
buffers. No other control inputs are latched. If BYTE 
SELECT is latched high, the conversion continues for 8 
bits. The full 12-bit conversion will occur if BYTE 
SELECT is low. If all 12 bits are read following an 8-bit 
conversion, the 3LSBs (DB0-DB2) will be low (logic 0) 
and DB3 will be high (logic 1). 

Conversion Start 

A conversion is initiated by a transition on any of three 
logic inputs (CE, CE, and R/C) — refer to Figure 10. The 
last of the three to reach the required state start the 
conversion and thus all three may be dynamically con- 
trolled. If necessary, they may change state simultan- 
eously, and the nominal delay time is independent of 
which input actually starts the conversion. If it is desired 
that a particular input establish the actual start of 
conversion, the other two should be stable a minimum of 
50ns prior to the transition of that input. Timing relation- 
ships for start of conversion timing are illustrated in 
Conversion Cycle Timing of the Digital Specifications. 
The STATUS output indicates the state of the converter 
by being high only during a conversion. During this time 
the three-state output buffers remain in a high-impedance 
state, and therefore, data is not valid. During this period 
additional transitions of the three control inputs will be 
ignored, so that conversion cannot be prematurely 
terminated or restarted. However, if BYTE SELECT 
changes state after the beginning of conversion, any 
additional start conversion transition will latch the new 
state of BYTE SELECT, possibly resulting in an incorrect 
conversion length (8 bit versus 1 2 bits) for that conversion. 

READING OUTPUT DATA 

After conversion is initiated, the output data buffers 
remain in a high-impedance state until the following four 
conditions are met: R/C high, STATUS low, CE high, 
and CS low. In this condition the data lines are enabled 
according to the state of the inputs DATA MODE and 
BYTE SELECT. See Read Cycle Timing for timing 
relationships and specification. 

In most applications the DATA MODE input will be 
hardwired in either the high or low condition, although it 
is fully TTL- and CMOS-compatible and may be actively 
driven if desired. When DATA MODE is high, all 12 
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outputs lines (DBO-DBl 1) are enabled simultaneously for 
full data word transfer to a 12-bit or 16-bit bus and the 
state of the BYTE SELECT is ignored. 
When DATA MODE is low, the data is presented in the 
form of two 8-bit bytes, with selection of each byte by the 
state of BYTE SELECT during the read cycle. 
The BYTE SELECT input is usually driven by the least 
significant bit of the address bus, allowing storage of the 
output data word in two consecutive memory locations. 
When BYTE SELECT is low, the byte addressed contains 
the 8MSBS. When BYTE SELECT is high, the byte 
addressed contains the 4LSBs from the conversion 



followed by four zeros that have been forced by the 
control logic. The left-justified formats of the two 8-bit 
bytes are shown in Figure 23. The design of the SDM 
guarantees that the BYTE SELECT input may be toggled 
at any time without damage to the output buffers 
occuring. 

In the majority of applications, the read operation will be 
attempted only after the conversion is complete and the 
status output has gone low. In those situations requiring 
the fastest possible access to the data, the read may be 
started as much as (too max + tns max) before STATUS 
goes low. Refer to Read Cycle Timing for these timing 
relationships. 
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FIGURE 23. 12-Bit Data Format for 8-Bit Systems (connected as Figures 19 and 20). 



APPLICATIONS INFORMATION ^^pp^y voltages 



For the engineer who wishes to evaluate the SDM 
family, Burr-Brown has designed printed circuit boards 
on a single 'Eurocard' (shown here for LCC only). These 
boards enable the design engineer to experiment with 
various accuracy improvement techniques which are 
described below. Special consideration has been given to 
the grounding and circuit layout techniques required 
when dealing with 12-bit analog signals. 
The printed circuit board has been designed so that the 
solutions to several of the problems likely to be en- 
countered by the user can be examined. 
It should not be thought that every user is required to 
adopt all of the techniques used on the circuit board. In 
many applications very few external components will be 
required. However, in following the application guidelines 
illustrated by the circuitry and accompanying notes, the 
designer will be able to select and adapt the solutions most 
suited to their own particular application or problem area. 

Provisions for the following are made on the LCC PC 
board: 

— 68 pin LCC socket (Burr-Brown Part No. MC 0068). 

— 8 differential or 16 single-ended inputs. 

— Input filtering with overvoltage protection for each 
channel. 

— Socket for quad D-type flip-flop 74175 (MUX address 
latches). 

— 7 additional I.C. sockets for easy interfacing to various 
BUS systems (connection by wire wrap techniques). 

— 2 voltage regulators (15 volts). 

— LC power supply decoupUng. 

The Layout pays particular attention to the requirements 
when operating with precision analog signals. This 
requires strict separation of the analog and digital areas. 
Analog and digital commons are totally separated and 
connected together only at the commons of the supply 
voltage. All common lines are low resistance and low 
inductance. 



In order to avoid coupling between the external supply 
voltage 15 volt supplies, 2 voltage regulators (78M15, 
79L15) are provided on the PC board. The unregulated 
supply voltage may vary from ±17 volts to ±25 volts. 

The MUX/ IN A section and SHC/ ADC section of the 
SDM have separate supply Unes which can be inductively 
decoupled. This is recommended in order to suppress the 
high frequency noise which comes from the ADC during 
conversion. 

The power supply rejection of the instrumentation ampli- 
fier reduces with increasing frequency. If high frequency 
noise on the supplies is not decoupled it will be injected 
into the signal path and cause errors. This effect can be 
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FIGURE 24. Channel Select Truth Table. 
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particularly pronounced when using the 'overlap' mode 

since the instrumentation amplifier is settling to a new 

analog value while the ADC is still carrying out the 

previous conversion. 

The digital supply voltage is +5 volts and is also LC- 

filtered. 

All supply lines are bypassed with a 10/xF tantalum and a 

lOOnF ceramic capacitor situated as close as possible to 

the package. 

If the voltage regulators for the ±15 volts are not used, 
small inductors for decoupling of the supply voltages are 
recommended. If inductors are not fitted a dynamic 
ground loop will be created from supply lines via bypass 
capacitors to analog common. 

INPUT PROTECTION 

The multiplexer is protected up to an input voltage which 
can exceed the supply voltage by a maximum of 20 volts. 
This means, that with ±15 volts supply voltage, the input 
voltage can be ±35 volts without damage. This is also the 
case when the supply voltages are switched off (0 volts). 
The maximum input voltage can then be ±20 volts. For 
higher overvoltage protection a series resistor has to be 
used. The current via the multiplexer should be limited to 
a maximum of 1mA. For example, a lOkH series resistor 
would give an additional 10 volts overprotection. 
For much higher overvoltages (e.g. 100 volts), high value 
series resistors cannot be used as offset errors would 
result. In practice, a combination of series resistors and 
diodes is used. The diodes are connected to ± 1 5 volts and 
will conduct whenever the input voltage exceeds the ± 1 5 
volts supply voltage. The diodes are selected by signal 
source impedance, as well as filter resistance, as the diode 
leakage current across the series resistor can cause offset 
and linearity errors. In this circuit, IN4148 together with 
lOkn are used. 

INPUT FILTER 

Processor noise can be induced in the analog ground. 
Input filtering is therefore recommended for analog data 
aquisition. Such high frequency noise signals can cause 
dynamic overload of the instrumentation amplifier 
resulting in non-linear behavior. This leads directly to 
digitizing errors. 

The design of the filter takes into account the characteris- 
tics of the SDM and of the signal source. 
The following points have to be considered: 

— The stray capacitance, output capacitance of the 
multiplexer and input capacitance of the instrument 
amplifier (60-80pf) has to be discharged in order to 
minimize errors caused by 'charge sharing.' 

— The series resistor limits the current in the protection 
diodes, but it also has to be selected for the required 
filter time constant. 

— The noise rejection of the filter has to be >80db in 
order to satisfy a 12-bit A/D conversion. 

As well as considering the above, different calculations 



have to be carried out for single and differential input 
signals. 



Single-Ended Measurement 

Rf limits the maximum input current through the protec- 
tion diodes. In this case, Rr has been chosen as lOkO and 
together with the capacitor Cg, forms the input filter time 
constant (Cg = OAl/iF). The time constant must be 
chosen according to the requirements of the input signal 
bandwidth and noise rejection. The multiplexer capaci- 
tance (Cm) is discharged mainly by Cg. This means Cg has 
to be sufficiently large compared with Cm or charged via 
Ri prior to re-sampling of the signal. 
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Differential Measurement 

Capacitor Ci is used for limiting the input signal fre- 
quency. The bandwidth is calculated as follows: 



Fg = 



1 



IFC,>>Cg 



4.R,C, 

When selecting the value of Ci, it should be noted that Cm 
has to be discharged when switching the multiplexer 
channels. This means that the voltage error of Cf (induced 
by 'charge sharing' with Cm) has to be smaller than 1 LSB. 
Therefore, Ci should have a minimum value of a 0.47mF. 
The resistors Rf, together with the source impedance have 
to be sufficiently small in order to recharge Ci prior to 
signal sampling. This prevents errors in the signal value 
caused by the charge stored on Cm by the previously 
selected channel. 



ANALOG IN 



ANALOG IN 



The 2 capacitors Cg form together with Rr a common- 
mode filter. This filter greatly improves accuracy in a 
noisy environment (decrease of common-mode rejection 
of instrumentation amplifier with increasing frequency). 
For good filter operation, both time constants Rf. Cg 
should match each other within 2%. Additional errors 
will be induced by a mismatch. 
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Selected values are: Cf - 0.47/1?, Cg = lOnF, Rf = lOkO. 
The filter reduces the signal slew rate so that the 
instrumentation amplifier can follow the voltage varia- 
tion of the signal with the noise component eliminated. 
In general, all measurements which require more than a 
gain of 10 should be done in differential mode. Single 
ended measurements should be limited to applications 
where current sources are measured via shunts or where 
signal voltages in the range of some volts are available. 

Bus-Interface 

As the outputs of the SDM are BUS compatible, only a 
few I.C.s are necessary to interface to various BUS 
systems. For such interfacing, 4 off 14-pin and 3 off 16-pin 
I.e. sockets are provided. Wiring is by wire wrap to the 
BUS connector. 



Setting of Various Modes 

Circuit board positions are provided for the connection of 

'jumpers' as follows: 

Jl, J2 — ADC analog input voltage settings. 

J3— Set for differential (SDM8X3) or single ended 
(SMD8X2) operation. 

J4 — Instrumentation amplifier gain settings. 



(a) 16 input channels, single ended: 

—Use SDM8X2 

— Consider single-ended filtering 

— Connect J3 (pin 66) to common 

(b) Differential inputs 

—Use SDM8X3 

— Consider differential filtering 

— Connect J3 (pin 66) to pin 67 

(c) Analog input 

±10 volts Connect J I to pin 21 

Connect J2 to pot P2 (lOOO) 

±5 volts Connect J 1 to pin 22 

Connect J2 to pot P2 (lOOfl) 

to + 1 volts: Connect J 1 to pin 22 

Connect J2 to junction of Ri/ R2 

(d) Gain of instrumentation amplifier 
G = 1 Jumper J4 open 

G = 10 Jumper J4 to pin 63 

G = 100 Jumper J4 to pin 64 

Other gains: use additional resistor between pin 62 
and pin 63 

Gain equation: Rg = ^j^^ 4.444ka 

Low tempco is recommended in order to minimize 
gain drift. 



INPUT FILTER AND PROTECTION CIRCUITRY 



SINGLE-ENDED 



26-PIN CONNECTOR 

14 




D31 D32 
PINS 1, 2, 8, 14, 16, 18, 20, 22, 24 and 26 ARE CONNECTED TO COMMON 



DIFFERENTIAL 

26-PIN CONNECTOR 



CHANNEL 
NUMBERS 



^Rf+ISV -15V SDM PINS 
R3 I Ci Cg 147 



"X 



^ 



^ 



^ 
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^ 



^ 
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^ 



^ 



+C1 



C174=.047(;Ff— iMOnF 1* 
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T '56 



S 



-X-' 
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PINS 1, 2, 8, 14, 16, 18, 20, 22, 24 and 26 ARE CONNECTED TO COMMON 
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P.C.B. COMPONENT LAYOUT FOR DIFFERENTIAL OPERATION 
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P.C.B. COMPONENT LAYOUT FOR SINGLE-ENDED OPERATION 
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P.C.B. LAYOUT 
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NOTE NOT SUITABLE FOR PGA PACKAGE 
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P.G.A. MECHANICAL OUTLINE 
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H PACKAGE 

Terminations: Goici plated 

KOVAR 

Case: Black ceramic with gold 

plated nickel lid 

Hermeticity: Gross leak test 

Weight: 9 grms (0.32oz) 



DIM 


INCHES 


MILLIMETRES 


MIN 


MAX 


MIN 


MAX 


A 


1087 


1 109 


27 610 


28169 


B 


1087 


1 109 


27 610 


28 169 


C 


095 


120 


2 413 


3 048 


D 


162 


198 


4115 


5 029 


E 


045 


055 


1 143 


1397 


F 


045 


055 


1 143 


1397 


G 


016 


020 


406 


508 


H 


100 BASIC 


2 540 BASIC 


J 


100 BASIC 


2 540 BASIC 
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L.C.C. MECHANICAL OUTLINE 




Terminations: Gold plated nickel on refractory metallization 
Case: Ceramic with gold plated nickel lid 
Hermeticity: Gross leak test. 
Weight: 4.2 grams (01 5oz) 



t V'^j -^[1-^'- 



DIM 


INCHES 


MILLIMETRES 


MIN 


MAX 


MIN 


MAX 


A 


945 


965 


24 003 


24 511 


B 


945 


965 


24 003 


24 511 


C 


076 


094 


1934 


2 388 


D 


841 


859 


21361 


21819 


E 


841 


859 


21361 


21819 


F 


755 


785 


19 177 


19 939 


G 


755 


785 


19 177 


19 939 


H 


800 BASIC 


20 320 BASIC 


J 


027 1 033 


686 1 838 


K 


045 BASIC 


1 143 BASIC 


L 


050 BASIC 


1 270 BASIC 



P.C.B. COMPONENTS PARTS LIST 



R1 
R2 




lOOo" For 0-10 Volts settling 


R3 


R18 


10kO 1% 


C1 

C17 
C25 


016 
.C24 


47juF— Single ended input mode 
lOnF 1%-Differential input mode 
47a/F— Differential input mode 

Teflon™) 



026 lOnF Oeramic 

cl^'c^^C^f }10^F Tantalum (Decoupling) 

C36 C37 C40 Y^"" ^^^^"^'^ (Decoupling) 

033,034 ' 033/LiF Tantalum 

PI 100O 

P2 1000 ±5 volts, ±10 volts range only 

UNLESS OTHERWISE MARKED-RESISTORS ARE 1/4W, 5%, OAPAOITORS ARE 10% 



P3 


lOOkQ 0-10 volts range only 


L1 L3 


100/iH (Decoupling) 


D1 D32 


1N4148 (Input Protection Diodes) 


D33, D34 


1N4007 


78 


M078M150G 


79 


M079L150G 


74175 


74LS175 


LOO Socket 


MO0068 



ORDERING INFORMATION'' 



1 Model 


Input 


LCC,PGA 
Pkfl. 


Accuracy 
[% FSR] 


Throughput 


Temp. 
Range rc] 


Model 


Input 


LCC,PGA 
Pkg. 


Accuracy 
[% FSR] 


Throughput 


Temp. 
Range [°C] 


CO CO o) a> CO S 
111111 


16SE 
16SE 
16SE 
16SE 
16SE 
16SE 


L, H 
L.H 
L.H 
L.H 
L.H 
L.H 


±0.024 
±0.012 
±0.024 
±0.012 
±0.024 
±0 012 


33kHz 
33kHz 
33kHz 
33kHz 
33kHz 
33kHz 


to +70 
to +70 
-25 to +85 
-25 to +85 
-55 to +125 
-55 to +125 


SDM863J 
SDM8e3K 
SDM863A 
SDM863B 
SDM863R 
SDM863S 


8DIF 
8DIF 
8DIF 
8DIF 
8DIF 
8DIF 


L,H 
L,H 
L.H 
L.H 
L, H 
L.H 


±0.024 
±0.012 
±0 024 
±0 012 
±0 024 
±0 012 


33kHz 
33kHz 
33kHz 
33kHz 
33kHz 
33kHz 


to +70 
to +70 
-25 to +85 
-25 to +85 
-55 to +125 
-55 to +125 


SDM872J 
SDM872K 
SDM872A 
SDM872B 
SDM872R 
SDM872S 


16SE 
16SE 
16SE 
16SE 
16SE 
16SE 


L.H 
L,H 
L, H 
L,H 
L, H 


±0 024 
±0.012 
±0 024 
±0 012 
±0 024 
±0 012 


50kHz 
50kHz 
50kHz 
50kHz 
50kHz 
50kHz 


to +70 
to +70 
-25 to +85 
-25 to +85 
-55 to +125 
-55 to +125 


SDM873J 
SDM873K 
SDM873A 
SDM873B 
SDM873R 
SDM873S 


8DIF 
8DIF 
8DIF 
8DIF 
8DIF 
8DIF 


L.H 
L.H 
L, H 
L.H 
L.H 
L.H 


±0.024 
±0.012 
±0.024 
±0.012 
±0.024 
±0 012 


50kHz 
50kHz 
50kHz 
50kHz 
50kHz 
50kHz 


to +70 
to +70 
-25 to +85 
-25 to +85 
-55 to +125 
-55 to +125 



NOTES (1) LCC Evaluation Board Part Number: PC862/863-1 PGA Evaluation Board Part Number: PC862/863-2 (2) 16 single-ended mputs, LCC 

package, with accuracy of 0.024% FSR, Temp Range of O'C to 70° C and throughput of 33kHz = SDM862JL 
Teflon^" E.I. du Pont de Nemours & Co. 
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SURFACE MOUNT COMPONENTS 



Burr-Brown offers a wide variety of integrated circuit types in surface 
mount packages. These packages permit denser layouts on one or both sides 
of a PC board, often saving 50% or more of the space normally required for 
these functions. Many of these miniature devices also fit inside transducer 
cavities and may be used in modules or hybrid circuits. Burr-Brown 
concentrates primarily on two package types with a variety of sizes and 
number of leads: 



SOIC 

Plastic small-outhne package with gull- wing leads on 1.27mm centers. For 
example, the SOIC-8 has 8 leads. 



LCC 

Ceramic leadless chip carrier with terminals on 1.27mm centers. For ex- 
ample, the LCC-20 has 20 terminals. 



STAY UP TO DATE 



Burr-Brown is continuously adding to its offering of products available in 
surface mount packages. Contact your local Burr-Brown salesperson or rep 
resentative. See the inside back cover of this Data Book. 
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SMALL-OUTLINE IC PACKAGES 


Model 


Device Type 


Description 


Package 


DAC703JU/KU 


Digital-to-Analog Converter 


16-Bit. V^,, 


SOIC-24 


DAC811JU/KU 


Digital-to-Analog Converter 


12-Bit, ^p-Compatible 


SOIC-28 


DAC7541AJU/AKU 


Digital-to-Analog Converter 


12-Bit, CMOS 


SOIC-18 


DAC7545JU/KU 


Digital-to-Analog Converter 


12-Bit, CMOS, Buffered 


SOIC-20 


DAC8012KU 


Digital-to-Analog Converter 


12-Bit, CMOS, Latched 


SOIC-20 


INA101KU 


Instrumentation Amplifier 


Precision, Monolithic 


SOIC-16 


INA102KU 


Instrumentation Amplifier 


Low Power 


SOIC-16 


INA105KU 


Instrumentation Amplifier 


Unity Gain, Differential 


SOIC-8 


INA110KU 


Instrumentation Amplifier 


Fast, FET Input 


SOIC-16 


MPY634KU 


Precision Analog Multiplier 


Wide Bandwidth 


SOIC-16 


OPA27/37GU 


Operational Amplifier 


Ultra-Low Noise 


SOIC-8 


0PA121KU 


Operational Amplifier 


Low Cost, D/fef® 


SOIC-8 


OPA404KU 


Operational Amplifier 


Quad, High-Speed, Precision Difet 


SOIC-16 


OPA602AU 


Operational Amplifier 


High-Speed, Precision Difet 


SOIC-8 


PCM55HP/JP 


Digital-to-Analog Converter 


16-Blt, Digital Audio 


SOIC-24 


SHC298JU 


Sample/Hold Amplifier 


Low Cost, Monolithic 


SOIC-8 


VFC32KU 


V-to-F and F-to-V Converter 


Low Cost, Monolithic 


SOIC-14 


XTR101AU 


Current Transmitter/Converter 


Two-Wire, 4-20mA 


SOIC-16 


XTR110KU 


Current Transmitter/Converter 


Voltage-to-Current Converter 


SOIC-16 



NOTE: Electrical and mechanical specif ications for SOIC parts are contained in the Product Datasheets in this Data Book. Use the 
Model Index on the inside front cover. 
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LEADLESS CHIP CARRIER PACKAGES 


Model 


Device Type 


Description 


Package 




421 3L 


Analog Multiplier/Divider 


Precision 


LCC-20 




AD515L 


Operational Amplifier 


Electrometer 


LCC-20 




DAC700-703BL 


Digital-to-Analog Converter 


16-Bit, Monolithic 


LCC-28 




DAC703L 


Digital-to-Analog Converter 


16-Bit Monolithic, Military 


LCC-28 




DAC811L 


Digital-to-Analog Converter 


12-Bit, |LiP -Compatible 


LCC-28 




DAC850L 


Digital-to-Analog Converter 


12-Bit, Monolithic 


LCC-28 




DAC851L 


Digltal-to-Analog Converter 


12-Bit, MIL Temp 


LCC-28 




DAC870L 


Digital-to-Analog Converter 


12-Bit, Military 


LCC-28 




INA101L 


Instrumentation Amplifier 


Precision, Monolithic 


LCC-20 




INA102L 


Instrumentation Amplifier 


Low Power 


LCC-20 




INA105L 


Instrumentation Amplifier 


Unity Gain, Differential 


LCC-20 




INA110L 


Instrumentation Amplifier 


Fast, FET Input 


LCC-20 




INA258L 


Instrumentation Amplifier 


Precision, Military 


LCC-20 




MPY100L 


Analog Multiplier/Divider 


Low Cost 


LCC-20 




MPY534L 


Precision Analog Multiplier 


Low Cost, Monolithic 


LCC-20 


Z 


MPY634L 


Precision Analog Multiplier 


Wide Bandwidth 


LCC-20 


OPA27/37L 


Operational Amplifier 


Ultra-Low Noise 


LCC-20 


LU 

Z 


0PA111L 


Operational Amplifier 


Precision, Difet 


LCC-20 


o 


0PA121L 


Operational Amplifier 


Low Cost, Difet 


LCC-20 


o 
o 


OPA128L 


Operational Amplifier 


Electrometer Grade 


LCC-20 


OPA404L 


Operational Amplifier 


High Speed, Quad 


LCC-20 


0PA2111L 


Operational Amplifier 


Precision, Dual 


LCC-20 


H 


REF10L 


Precision Voltage Reference 


Ultra-Stable 


LCC-20 


Z 


REF101L 
SDM862/863L 


Precision Voltage Reference 
Data Acquisition System 


Low Drift 

12-Bit, 16-Channei, 33kHz Throughput 


LCC-20 
LCC-68 


O 

UJ 


SDM872/873L 


Data Acquisition System 


12-Bit. 16-Channel, 50kHz Throughput 


LCC-68 


LL 


VFC32L 


V-to-F and F-to-V Converter 


Low Cost, Monolithic 


LCC-20 


VFC62L 


V-to-F and F-to-V Converter 


Precision, Monolithic 


LCC-20 




VFC100L 


V-to-F and F-to-V Converter 


Synchronized 


LCC-20 


VFC101JN/KN 


V-to-F and F-to-V Converter 


Synchronized, Multiple Input 


PLCC-20 




VFC320L 


V-to-F and F-to-V Converter 


Precision, Monolithic 


LCC-20 




XTR101L 


Current Transmitter/Converter 


Two-Wire. 4-20mA 


LCC-20 


MR 


XTR110L 


Current Transmitter/Converter 


Voltage-to-Current Converter 


LCC-20 


■u 



NOTE: Electrical and mechanical specifications for LCC parts are contained in separate Product Data Sheets. To obtain copies, 
contact your local Burr-Brown salesperson or representative. See the inside back cover for a listing of sales offices. 
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SURFACE MOUNT PACKAGE OUTLINES AND DIMENSIONS 



Plastic SOIC-8 Package 



Plastic SOIC-14 Package 



Pin1 
Identifier - 



- A- 
-Ai- 



Performance 

Grade 

Identifier 



Pin1 




J Uh 









DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


185 


201 


4 70 


511 


Ai 


178 


201 


4 52 


511 


B 


146 


162 


3 71 


411 


Bi 


130 


149 


3 30 


3 78 


C 


054 


145 


1 37 


3 69 


D 


015 


019 


38 


48 


G 


050 BASIC 


1 27 BASIC i 


H 


018 


026 


46 


66 


J 


008 


012 


20 


30 


L 


220 


25^ 


5 59 


6 40 


M 


0° 


10° 


0° 


10° 


N 


000 


012 


00 


30 



p. A — 

h« AI "^ 




ff n n n n n n 




^PINI IDENTIFIER 


a -I 

81 B 

1 


Wl'U u u u u u 





inuurmm 



u 



-J G i-- -JdI- l-N 



.1 



-J ^ 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


332 


348 


8 44 


8 84 


AI 


325 


348 


8 26 


8 84 , 


B 


146 


162 


3 71 


4 11 


81 


128 


146 


3 25 


3 71 


C 


052 


068 


1.32 


1 73 


D 


014 


019 


36 


48 


G 


050 BASIC 


1 27 BASIC 1 


H 


016 


024 


41 


61 


J 


008 


012 


20 


30 


L 


226 


246 


5 74 


6 25 


M 


5°TYP 


5°TYP 


N 


000 1 012 


00 1 30 



NOTES: Leads in true position within 0.01 " (0.25mm) R at MMC at seating plane. Pin numbers shown for reference only. Numbers 
may not be marked on package. 
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SURFACE MOUNT PACKAGE OUTLINES AND DIMENSIONS 



Plastic SOIC-16 Package 



Plastic SOIC-18 Package 



A - 
-Ai- 



nnnnnnn 



^ 



Performance 
II Grade 
Identifier 

r Pin 1 Identifier 



^ 



d nn 1 Identifier 

muuuuuuij 



\l J 



F 



-^ 



N-D 



Jx 



-J " 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


.400 


416 


10 16 


10.57 


Ai 


.388 


.412 


9.86 


10.46 


B 


286 


302 


7 26 


7.67 


Bi 


.268 


286 


6.81 


7.26 


C 


093 


109 


2.36 


2.77 


D 


.015 


.020 


0.38 


0.51 


G 


.050 BASIC 


1 27 BASIC 1 


H 


.022 


038 


0.56 


0.97 


J 


008 


012 


0.20 


0.30 


L 


391 


421 


9.93 


10 69 


M 


5" TYP 


5° TYP 


N 


000 1 012 


0.00 1 0.30 



Bi B 




Pini 



JTFHITBTI 




L^M- 



M * 



~1 



1 
DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


450 


.466 


1143 


11.84 


A, 


443 


.466 


11.25 


11.84 


B 


286 


.302 


7 26 


7.67 


Bi 


.270 


.285 


6.86 


7.24 


C 


.093 


108 


2.36 


2.74 


D 


.015 


.019 


0.38 


0.48 


G 


.050 BASIC 


1.27 BASIC 1 


H 


026 


.034 


0.66 


0.86 


J 


008 


.012 


0.20 


0.30 


L 


.390 


.422 


9.91 


10.72 


M 


0** 


10** 


0" 


lO** 


N 


.000 


.012 


0.00 


0.30 



NOTES: Leads in true position within 0.01 " (0.25mm) R at MMC at seating plane. Pin numbers shown for reference only. Numbers 
may not be marked on package. 



f2 

Z 
Ui 

z 
o 

0. 

o 
o 

H 
Z 

o 

s 

Ly 

O 

< 
u. 

0) 



Burr-Brown IC Data Book 



12-5 



Vol. 33 



SURFACE MOUNT PACKAGE OUTLINES AND DIMENSIONS 



Plastic SOlC-20 Package 



Plastic SOIC-24 Package 



HRBHBRHHRB 



Pin 



/^ H H H H H H y y H 



Bi B 



[^H 


i 


\ 


V 'ilt-ij: 


7 j c 


-JgU- 


ji 



JL 









DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


502 


518 


12.75 


1316 


Ai 


495 


.518 


12.57 


13 16 


B 


286 


302 


7 26 


7 67 


Bi 


270 


285 


6 86 


7 24 


C 


093 


108 


2.36 


2 74 


D 


015 


.019 


38 


0.48 


G 


050 BASIC 


1.27 BASIC 1 


H 


.026 


034 


0.66 


86 


J 


.008 


.012 


20 


0.30 


L 


390 


.422 


9.91 


10 72 


M 


0° 


10" 


0° 


10*' 


N 


000 


.012 


00 


0.30 




iMHmHHhHHhHF-' 



Seating Plane 



X 



j^ 



9^ 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


614 


630 


15 60 


16 00 


B 


346 


362 


8 80 


9 20 


C 


— 


098 


— 


2 50 


D 


012 


020 


30 


50 


G 


046 


054 


1 17 


1 37 



NOTES: Leads in true position witiiin 0.01 " (0.25mm) R at MMC at seating plane. Pin numbers sliown for reference only. Numbers 
may not be marl<ed on package. 
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SURFACE MOUNT PACKAGE OUTLINES AND DIMENSIONS 



Plastic SOIC-28 Package 



28 15 

nnnnnnnnnnnnnn 




uuuuUUUUUUU 

Pm 1 Identifier 



r 

Beveled 



I I 



immmnrtQ. 



JUc 



■t 



„ „( I J 



or 



-Ci^ ^O. 



L 



7i= 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


700 


716 


17 78 


18 19 


B 


286 


302 


7 26 


7.67 


C 


093 


109 


2 36 


2.77 


D 


016 BASIC 


41 BASIC 


G 


050 BASIC 


1 27 BASIC 


H 


022 


038 


56 


97 


J 


008 


012 


20 


30 


L 


398 


414 


10 11 


10 52 


M 


5° TYP 


5° TYP 


N 


000 012 


00 1 30 



Z 
LU 

Z 

o 

Q. 

o 
o 

Z 

o 

UJ 

o 

< 

u. 
DC 

CO 



Plastic PLCC-20 Package 



-M- 
-A,- 



i-i n Q '~"~i~ 



^ 



Pin 1 
Identifier 



in 



^ I I 




DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


350 


356 


8 89 


9 04 


Ai 


338 


.344 


8 59 


8 74 


B 


350 


356 


8 89 


9 04 


Bi 


.290 


330 


7 37 


8.38 


C 


165 


180 


419 


4 57 


D 


013 


.021 


33 


53 


E 


290 


330 


7 37 


8 38 


F 


026 


032 


66 


0.81 


G 


.050 BASIC 


1 27 BASIC 1 


K 


.020 


— 


51 


— 


M 


385 


.395 


9 78 


10 03 


N 


.385 


.395 


9.78 


10.03 


P 


.090 


120 


2.29 


3 05 



NOTES: Leads in true position within 0.01 " (0.25mm) R at MMC at seating plane. Pin numbers shown for reference only. Numbers 
may not be marked on package. 
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SURFACE MOUNT PACKAGE OUTLINES AND DIMENSIONS 



Ceramic LCC-20 Package 





DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


Hd 


.345 


.360 


8.76 


9.14 


He 


.345 


.360 


8.76 


914 


Aa 


.064 


.100 


1.63 


2.54 


b 


.022 


.028 


0.56 


0.71 


e 


.050 BASIC 


1.27 BASIC 


R 


.008R TYP 


0.20R TYP 


S 


.020 TYP 


0.508 TYP 


T 


040 TYP 


1.016 TYP 


Z 


.075 TYP 


1.91 TYP 



Ceramic LCC-28 Package 





IHMitHBai 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


442 


458 


11 23 


1163 


B 


442 


458 


11 23 


11.63 


C 


064 


100 


1.63 


2.54 


F 


.022 


.028 


0.56 


71 


G 


050 BASIC 


1 27 BASIC 


H 


008 R TYP 


20 R TYP 



NOTES: Leads in true position witliin 0.01 " (0.25mm) R at MMC at seating plane. Pin numbers shown for reference only. Numbers 
may not be marked on package. 
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SURFACE MOUNT PACKAGE OUTLINES AND DIMENSIONS 



Ceramic LCC-68 Package 



66 6^68 



MMMMMMt 



Top 
View 



Pin1 
/Identifier 



GEB 



Terminations: Gold plated 

nickel on refractory 

metallization. 
Case: White ceramic with 

gold plated nickel lid. 
Hermetlcity: Gross leak 

test. 
Weight: 4.2 grams (0.15oz). 



s: 



fC 



->v^ 



tn: 



}^mmMMMm> 



JT^ 



■H- 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


945 


965 


24.003 


24 511 


B 


945 


965 


24 003 


24.511 


C 


076 


094 


1.934 


2 388 


D 


841 


.859 


21 361 


21 819 


E 


841 


859 


21361 


21 819 


F 


.755 


785 


19.177 


19.939 


G 


755 


L 785 


19.177 


19.939 


H 


800 BASIC 


20.320 BASIC 


J 


027 1 033 


.686 838 


K 


045 BASIC 


1.143 BASIC 


L 


.050 BASIC 


1.270 BASIC 



NOTES: Leads in true position witliin 0.01 " (0.25mm) R at MMC at seating piane. Pin numbers shown for reference only. Numbers 
may not be marl<ed on package. 
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ACCESSORIES 



This section contains illustrations and information on various mating con- 
nectors and heat sinks available for use with Burr-Brown products. The 
type of connector or heat sink required by the product is specified in the 
Product Data Sheet. 
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MATING CONNECTORS 



2201MC 



62.87mm 
-(2.475")+0.10 
58.42mm 



1.37mm - 1.80mm 
(.054" -.071") 
Accommodates Thick 
^ Circuit Board 



6.61mm 
(0.26") 
Insertion Depth 




6.10mm 0.64mm -H 
(0.24") - (0.025") Pierced 

Accommodate 
3-26 AWG Wire 



6.35mm 

(0.250") 

•—3.18mm 

(0.125")dia 
(Clearance Hole) 



2350MC 



_ 2.54mm 
(0.10") 19 places 



50.80mm 
(2.000") 



r (0.10") 



79mm 
f (0.031") 



iriirriiiiiiiiiiiiiiiiiriiiiniin^sTr , 



.51mm 
ir*~(0.020")di£ 



J 



2.54mm J 

(0.10") 4 7.37mm 
(0.290") 



3.18mm 
(0.125") 



1 



C) () C) C) () () () () () () () <) () () () <) C) () () 



2.54mm 
(0.10")typ 



48.26mm 
(1.900") 



.71mm 

(0.028") 

#70 drill size 
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MATING CONNECTORS 



1500MC 



15.75mm 
(0.62") ., „ 
Teflon 7.62 



< 
< 



10.67mm 

(0.42") -* 



^- (0.30 ) 



Material Alummum 
Finish. Hard Black Anodize 

3.45mm (0 136") dia 

5.84mm (0.23") dia x 82° nom. 

. C'sink (2 holes) 




2302MC 



40.64mm 
(1.60") - 



D D D D D C TOP VIEW D D D D □ 



SIDE VIEW 



5 46mm | 
(0 215") 



A set of two 16-pin connector ^1 
strips for PC board mounting. 



4.45mm 
(0.175") 



4.06mm 
r" (0.1 60") 



2.54mm 
(0.10") 



2401MC 



Identical to 2302MC 

except each connector 

strip length is 45.72mm (1.80") 



A set of four 18-pin connector 
strips for PC board mounting. 



2250MC 



_ 78 1mm_ 
" (3 08") 



^> 



j 8 4mm 

I ( 33") 




2 54mm 
(0100")typ 



O 



4 
1 1 1mm 

(44") 
_1 



;ji 



85 7mm 

- (3 38") - 

-70 5mm- 

(2 78") 



¥¥ 



50 CONTACTS 



6 4mm 
( 25") 



6 35mm 
(250") ±01 5 



2800MC 



M^M 



3.17mm 
(0.125") 
' dia hole 
(6 each) 



• 3.17mm 
(0.125") 



44.45mm 
-(1.75") - 



, mm \^ 

"^(0.36 ) r— 



_97.0mm_ 
(3.82") 



22.6mm 
(0.89") 



^— -f- @- 



87.3mm 
(3 44") 



6.35 
mm 
(0.25") 



rr 



31.75mm 
(1.25") 



^ 4.82mm 
(0.19") ref 



CO 
OC 
O 

I- 

o 

ui 



4400MC 



5.08mm 
(0.20") typ 



106.68mm_ 
" (4.20") 

_ 68. 58mm 

(2.70") 



^ 



3.25mm 

(0.128 ) 

dia ^ 

C'sink 82°x 

7.37mm (0.29") 

dia 







£c^^ 



72.14mm 
(2.84") 



I 



Clearance for 
4-40 screw on 
19.05mm (0.75") 
center 

3.17mm (0.125")~1 1 
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4800MC 



3.25mm 
(0.128") dia 
C'sink 82° x - 
7.37mm (0.29") 
dia 
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MATING CONNECTORS 



145MC 



8.13mm 
(0.32") max 





2.29mm (0.09") 
-aOOOdia (2) holes 



245MC 



2.54mm 
(0.10 )typ 



T 



21.59mm"r' 
(0.85") I 



I 



,15.24mm 



niMr ir » 



LjUuuumuuuuLlV 

c 



Orientation 
Tab 



4.57mm 
(0.18") 



3.56mm 
(0.14 ) 



I I 

nnnnnnnnnnnr 



2.79mm 
*(0.1l") dia 
(2 places) 



^119 7mm L 

1(0.50 ) I 

33.02mm 

'(1.30") 



0.51mm 
-(0.02") 
typ 
Material: Body & Plate: Oiallyl Phthalate 



0.51mm 
(O.O2") 



liiiiiiiiir 



r"~r 



5.iB4rnm 
(0.23 ) I 

1 I 



2.03mi 
(0. 



Tim I I 

' ^ 1 '>n 



7.37 npm 
(0.29") 



548MC 



;t==^ 



106.68mm 
(4.2") 
81.28 mm 



r 3 56mm 
(140")dia (j) 
6 places 



00 



3 18mm 
(125") 



99.06mm 
(3.9") 



12.70mm 
(0.5") 



68.58nr 
' (2.7'^) 

55.88mm 
(2.2") 



t 5.08mnr 
.' (O.2") 



T^ 



an" 



1 '5.08mm 
(0.2") 



Material: Anodized Aluminum 



"T^12.70mm 
' (0.5") 



803MC 



3.96mm 
(0.156") +0.002 
dia (2 places) 




r-^-l 



12.7mm 

(0.50") 

dia pin circle 



14.99mm 
(O.59") 



7.11mm 
(0.28" ) 

T 2.54mm 
J (0.10") 
I X 0.01 typ 

i I 



IT 

|— 0.76mm (0.03") 

|-i-g.38mm (0.33") 

-^6.35mm (0.25") 
8.13mm (0.32") 



806MC 



2 54mm 
( 1(X)") 




1200MC 



30.48mm 
(1.20"^ 

9.40mm 
5.08nnm (0.37")typ 



Material: Aluminum 
Finish: Hard Black 
Anodize 




Tl7.78mm 
(0.70")typ 



15.75mm 
(0.621 

Teflon /^ 
Insulator 



wy^-""^"""' 



1400MC* 



3.30mm (0.13") dia hole 
5.84mm (0.23") dia x 82° 
C'sink 
2 Holes 



— © — \--®- 




Material: Aluminum 
Finish: Hard Black 
Anodize 



* Identical to 1 200MC 
except for mounting 
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0803HS 12°C/WATT 

(See notes) 

TOP VIEW 



See 
Detail 1 






\Xjm 



_ 41.4mm 
' (1 63") 



32 8mm 
(1 29") 



SIDE VIEW 



2 3mm 
(0 09") 

-L. 



T 



19mm 
(0.75") 



Material Aluminum 
Finish Black Anodized 



HEAT SINKS 

0804HS4.2°C/WATT (See notes) , ,,,_ 

TOP VIEW p-(10")- 




a 



Material Alummum 
Finish Black Anodized 



(SIDE VIEW) 



2.3mm 
(0 09 



u 



0805HS 3°C/WATT 



TOP VIEW 





II ° 












O 






^ 


^^ 








' 


101. 
(3. 


35mm 
99") 




O 










1 


O 










L^ 84 8mm .>_ 






(3 34") 









■^-33 0mm- 
(1 30") 

I 



4.32mm 4 (0 17") 



17 5mm 
(0 69") 




BOTTOM VIEW 



32 1mm 
(1 27") 

-64 3mm ^ 

(2 53") 



Material Alummum 
Finish Black Anodized 



•NOTES 

1 Thermal resistance specified are for natural connection Heatsinks 
0803HS and 0804HS are mounted on 6" x 6" x 1/1 6" G-10 PC board 

2 A thin-film of heatsink compound (Dow Corning 340 or equivalent) 
between the heatsink and the TO-3 device is recommended 



Detail 1 



3.86mtn 
(0152") 

dia 
(2 Holes) 



Hole 
Pattern 




15 07 

mm 

(0 594") 

K 30 15mm- 

(1 187") 



z 

I- 
< 

UJ 
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BURR-BROWN<i 



[ 



1 



0* 



0807HS 



SKIRTED THERMAL SHIELD 

(U.S. Patent 4,636,916) 



FEATURES 

• IMPROVES AMPLIFIER LOW FREQUENCY NOISE 

• IMPROVES AMPLIFIER SHORT-TERM STABILITY 

• FITS ALL JEDEC-STANDARD T0-5-SIZE PACKAGES 

(To-gg. TO-ioo) 
APPLICATIONS 

• LOW NOISE OP AMPS 

• LOW NOISE INSTRUMENTATION AMPLIFIERS 



Cutaway View of an Installed 0807HS 

. 0807HS 




PC Board * 



^ Op Amp 



DESCRIPTION 

The 0807 HS is a skirted heat sink designed to fit sink, it increases thermal mass and decreases package 

over standard TO-5-size packages (TO-99 and TO- temperature rise. When properly applied, the 0807HS 

100). Its skirt fits flush against the printed circuit to will result in substantially improved low frequency 

shield the package leads from air currents. As a heat noise performance, as shown in Figure 1. 



"5//V 



External thermoelectric potentials far exceeed OPA27 noise 




0807HS protects Input leads from air currents 
Conditions same as Figure 1A— note improvement. 



FIGURE lA. OPA27 with Circuit Unshielded and 
Exposed to Normal Lab Bench-Top 
Air Currents. 



FIGURE IB. OPA27 with Heat Sink and 0807HS. 
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MECHANICAL 



625 
430 
380 



^ 



1 



060 Typ ' I 



Chamfer Inside Diameter 
- 025 X 45° Each End 



-0 318 Diameter 




Dimensions In Inches 



Finish Hard Black 
Anodized 



440 Diameter 



Thermal gradients can also be generated by external heat 
sources such as a nearby device with significant heat rise. 
Under severe conditions, these errors can be many times 
greater than those produced under laboratory conditions. 
To minimize these errors, the 0807HS acts as a thermal 
"short circuit," minimizing the gradient across the 
package leads. 

Finally, by increasing the thermal mass of the package, 
the 0807HS minimizes short term temperature changes 
of the package. Package temperature fluctuations pro- 
duce input offset drift, which can appear as low frequency 
noise at the output of a high gain amplifier. 

INSTALLATION 

Install the 0807 HS after other components have been 
installed, and the board cleaned. Align the slot of the 
heat sink with the package tab and press in place. It may 
be necessary to expand the heat sink slightly with a 
tapered tool, such as the blade of a screwdriver, to ease 
installation. The 0807 HS is symmetrical and either side 
can go up. 

Of course, other sources of thermoelectric error may 
occur. Careful printed circuit layout, use of low thermal 
EMF solder, and thermal shielding of the printed circuit 
back side may be needed to achieve the desired per- 
formance. 



THEORY OF OPERATION 

All metals exhibit an electrical potential accompanying a 
thermal gradient. This is known as the Thompson 
thermoelectric effect. When any two dissimilar metals 
are joined, a thermocouple is formed — the Seebeck 
effect. 

In all semiconductor packages, thermocouples are formed 
at various interfaces. In "TO-" style packages, significant 
thermocouples are formed between the gold or nickel 
plating and the Kovar leads. Thermocouples are also 
formed between the leads and the solder connections to 
the printed circuit. 

If thermal gradients are properly matched— at the ampli- 
fier inputs — the thermocouple errors will cancel. In 
practice, mismatches occur. Even under laboratory con- 
ditions, the errors produced can be several tenths of 
microvolts — well above the levels achievable with low 
noise amplifiers. At the output of a high gain amplifier, 
the error will appear as low frequency noise or short 
term input offset error. 

In a "TO-" package, much of the heat is conducted away 
through the leads. The resultant thermal gradient between 
the package and the printed circuit can be a major source 
of thermal error. Air currents can cool one lead more 
than another, resulting in mismatched thermal gradients. 
The 0807HS reduces these errors in two ways. It acts as a 
heat sink to lower package temperature rise and thereby 
lower the thermal gradient (see Figure 2). It also shields 
the package leads from air currents. 
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FIGURE 2. Temperature Rise Versus Power. 
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OTHER BURR-BROWN PRODUCTS 



COMPONENT PRODUCTS 

Burr-Brown has two component product groups whose offerings are de- 
scribed in separate data books — ^Military Products and Power Sources. 
These products are briefly described in this section. For more information 
and a copy of these other data books, contact your local Burr-Brown 
salesperson or representative. See the inside back cover. 



HIGHER LEVEL PRODUCTS 

In addition to designing and manufacturing precision microcircuits, Burr- 
Brown also excels in microelectronic-based systems used in data acquisi- 
tion, signal conditioning, measurement, and control. This section contains a 
sampling of these other high-quality products. If you want additional infor- 
mation, contact your local Burr-Brown salesperson or representative. 



BURR-BROWN POWER SUPPLIES AND THE 

POWER SOURCES HANDBOOK 

Burr-Brown offers a wide selection of power conversion products. Hundreds 
of standard and unique DC/DC converters ranging from DIP sizes through 
high wattage, wide-range modular packages are available. They are summa- 
rized in tables on the following three pages. All of these models carry Burr- 
Brown's guarantee of high quality and reliability and are included in their 
own publication, Burr-Brown Power Sources Handbook. 

The Burr 'Brown Power Sources Handbook contains detailed Product Data 
Sheets for all of Burr-Brown's power conversion products. In addition, it 
includes supplementary data, such as an extensive selection guide, discus- 
sion of the advanced reliability programs available, a glossary of power con- 
version terminology, and application notes for effective use of these prod- 
ucts. Information on obtaining modified and custom models is also included. 
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HIGH-ISOLATION DC/DC CONVERTERS 



Boldface s NEW 



Model 



Rated Isolation 
Voltage (VDG) 



Rated Power 
(Watts) 



Features 



PWR1726 


3500 


1.5 


High isolation 


PWR70 


2000 


3 


Small Size 


PWR74 


1500 


3 


Multichannel 


PWR13XX Series 


1270 


1 


DIP Package 


PWR71 


1000 


3 


Multichannel 


PWR72 


1000 


3 


Wide Input Range 


PWR1 XX Series 


1000 


450mW 


General Purpose 


PWR2XX Series 


1000 


1.5 


General Purpose 


PWR3XX Series 


1000 


2 


Multichannel 


PWR4XX Series 


1000 


3 


Small Size 


PWR6XX Series 


1000 


2 


Regulated 


PWR7XX Series 


1000 


5 


Regulated 


PWR1017 


1000 


3 


Multichannel 



DIP-PACKAGED DC/DC CONVERTERS 



Boldface = NEW 



Model 



Regulation 



Internal 
Filtering 



Features 



PWR11 XX Series 


No 


Yes 


Filtered 


PWR13XX Series 


No 


No 


High Isolation 


PWR59XX Series 


Yes 


Yes 


Filtered 



MULTICHANNEL DC/DC CONVERTERS 



Boldface = NEW 



Model 



Number of 
Channels 



Number of 

Outputs Per 

Channel 



Rated 
Power 
(Watts) 



Features 



PWR1017 


4 


2 


3 


8 Outputs 


PWR71 


4 


2 


3 


Small Size 


PWR5XX Series 


4 


1or2 


4 


Small Size 


PWR8XX Series 


2 


3 Total 


5 


5±12or5±15VouT. 


PWR74 


2 


2 


3 


High Isolation 


PWR3XX Series 


2 


1 or 2 


2 


Small Size 


PWR53XX Series 


1or2 


lor 2 


15 


Wide Input Range 
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LOW-NOISE DC/DC CONVERTERS 






Boldface s NEW 




Noise Out 


(mVp.p) 


Rated Power 




Model 


Typ 


Max 


(Watts) 


Features 


PWR1546A 




1.0 


5 


Ultra-Low Noise 


PWR62XX Series 


15 




5.2 


ECL Power 


PWR59XX Series 


20 




2 




PWR6XX Series 


30 




3 


Regulated 


PWR7XX Series 


30 




5 


Reguiated 


PWR74 


40 


100 


3 


Higli Isolation 


PWR1726 


50 




1.5 


High Isolation 


PWR11XX Series 


50 




3 


DIP Package 


PWR1 XX Series 


50 




2 


General Purpose 


PWR3XX Series 


60 




2 


Multichannel 


PWR53XX Series 




75 


15 


Wide Input Range 


PWR2XX Series 


75 




1.5 


General Purpose 


PWR70 




80 


3 


High Isolation 


PWR71 




100 


3 


l\4ultlchannel 


PWR4XX Series 




100 


3 


Small Size 


PWR1017 




100 


3 


Multichannel 


PWR72 




150 


3 


Wide Input Range 
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WIDE-INPUT-RANGE DC/DC CONVERTERS 



Boldface = NEW 





Input Range 


Rated Power 




Model 


(VDC) 


(Watts) 


Features 


PWR53XX Series 


9-18 


15 


Single, Dual, & Triple Outputs 




18-36 


15 


Single, Dual, & Triple Outputs 




36-72 


15 


Single, Dual, & Triple Outputs 


PWR72 


5-22 


3 


Dual Outputs 



REGULATED DC/DC CONVERTERS 



Boldface = NEW 





Regulation 


Rated 
Power 






Line 


Load 




Model 


(%) 


(%) 


(Watts) 


Features 


PWR1546A 


±0.02 


0.02 


5 


Low Noise 


PWR6XX Series 


±0.02 


0.04 


3 


General Purpose 


PWR7XX Series 


±0.02 


0.04 


5 


General Purpose 


PWR510X 


±0.02 


0.04 


9 


General Purpose 


PWR62XX Series 


±0.04 


0.06 


5.2 


ECL Power 


PWR59XX Series 


±0.3 


0.4 


2 


DIP Package 


PWR53XX Series 


±0.2 


1.0 


15 


Wide Input Range 
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UNREGULATED DC/DC CONVERTERS 



Boldface = NEW 



Model 



Rated Power 
(Watts) 



Package Size 
(Inches) 



Features 



PWR1 XX Series 


450mW 


1.0x1.0x0.4 


General Purpose 


PWR13XX Series 


1 


24-pin DIP 


High Isolation 


PWR2XX Series 


1.5 


1.0x1.0x0.4 


General Purpose 


PWR1726 


1.5 


1.2X1.6X0.4 


High Isolation 


PWR11 XX Series 


2 


24-pln DIP 


Filtered 


PWR3XX Series 


2 


1.0x1.0x0.4 


Multichannel 


PWR70 


3 


1.0x1.0x0.4 


High Isolation 


PWR71 


3 


2.0 X 2.0 X 0.4 


Multichannel 


PWR72 


3 


1.0x1.0x0.4 


Wide Input Range 


PWR74 


3 


1.0x1.0x0.4 


Multichannel 


PWR4XX Series 


3 


1.0x1.0x0.4 


General Purpose 


PWR1017 


3 


2.0 X 2.0 X 0.4 


Multichannel 


PWR5XX Series 


4 


1.2x1.6x0.4 


Multichannel 


PWR8XX Series 


5 


1.2x1.6x0.4 


Multichannel 



DC/DC CONVERTERS BY WATTAGE 



Boldface = NEW 



Model 



Rated Power 
(Watts) 



Package Size 
(Inches) 



Features 



PWR53XX Series 


15 


2.0 X 2.0 X 0.4 


Triple Output 


PWR510X 


9 


2.0 X 2.0 x 0.4 


Regulated 


PWR62XX Series 


5.2 


2.0 X 2.0 X 0.4 


ECL Power 


PWR7XX Series 


5 


2.0 X 2.0 X 0.4 


Regulated 


PWR1546A 


5 


2.0 X 2.0 X 0.4 


Ultra-Low Noise 


PWR8XX Series 


5 


1.2x1.6x0.4 


Multichannel 
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MILITARY PRODUCTS DIVISION 

Burr-Brown's Military Products Division manufactures precision signal 
conditioning and data conversion components for use in military applica- 
tions such as navigation, guidance, control, electronic counter measures, in- 
telligence, and communications. We offer a growing line of diversified 
high-reliability military products, including operational amplifiers, A/D and 
D/A converters, analog multipliers, and voltage-to-frequency converters. 
Additionally, the Military Products Division is responsible for all microcir- 
cuit dice sales. (For your convenience, components in this Data Book that 
are also available in military and die form are marked as such.) 

The Military Products Division manufactures its components in a facility 
separate from other Burr-Brown facilities. This separate manufacturing and 
test capability, along with Burr-Brown's microcircuit wafer manufacturing 
and thick-film facilities, are certified to the requirements of MIL-STD-976 
and MIL-STD-1772. This means that all manufacturing operations for all 
Military Products Division components — • from design, through raw mate- 
rials, wafer processing, assembly and test to final product inspection, and 
shipment — are performed in strict accordance with MIL-STD-883, and full 
compliance with Appendices A and G of MIL-M-38510. 

All monolithic and hybrid "/883B" or "/B" models are compliant to the 
requirements of the current revision of MIL-STD-883 for compliant Non- 
JAN devices. Quality Conformance Inspection (QCI) is performed to the 
requirements of Methods 5005 or 5008. This is detailed in the individual 
Product Data Sheets for Military components. 

Environmental control of the manufacturing clean rooms meet or exceed the 
requirements of FED-STD-209 for particle count. BSD (electrostatic dis- 
charge) procedures are fully observed by Military Products Personnel 
through every stage of material handling, product assembly, testing, storage, 
and shipment. 

All this results in products with reliability and quality that is built-in, not 
screened from commercial lots. This provides customers with microcircuits 
that, meet the full intent of military requirements. 

In addition, custom screening, testing, and marking of standard products can 
be accommodated, such as class-S type screening, etc. Consult the Military 
Products Division or your local Burr-Brown salesperson or representative 
for additional information. 
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PERSONAL COMPUTER INSTRUMENTATION 




PCI-20000 SERIES: Personal Computer Instrumentation. . . 
For Data Acquisition, Test Measurement, And Control 

The new PCI-20000 gives you modular I/O you can never outgrov^. Com- 
ponent modularity gives you the most cost-effective, expandable PC instru- 
mentation system available today — and tomorrov^. The PCI-20000 is an 
exciting new generation of instrumentation for IBM and bus-compatible 
personal computers. It lets you start small and add plug-in channels and 
functions only as requirements grow. You never pay for more I/O than you 
need. 

The key is component modularity. Carrier boards plug directly into the PC 
expansion slots and provide power, communications, mounting mechanisms 
and optional digital I/O capability. Versatile I/O modules plug into the 
carrier and perform the data acquisition, test, measurement, and control 
functions your systems requires. You can choose from 15 different modules 
now, with many more planned for the future. Carriers accept two or three 
modules. A family of termination panels simplify wiring and bring signals 
to and from the system. 

Hundreds of possible systems can be configured now, even more later. 
Combine components now to meet exact requirements for analog and digital 
I/O, counter, timer, and pulse functions. Change components later to add 
capacity and functions for future needs. Your system will always be at its 
optimum price/performance level. Extensive software is available. 
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HANDBOOK OF PERSONAL COMPUTER INSTRUMENTATION: 
For Data Acquisition, Test Measurement, And Control 

Contains: A tutorial section describing in practical terms, the theory and 
philosophy of using personal computer instrumentation for data acquisition, 
test, measurement, and control. 

An application section complete with dozens of diagrams, showing specifi- 
cally how you can use personal computer instrumentation in more ways than 
you ever thought possible. 

Written by leading experts who design and use intelligent instrumentation 
systems, this section is the (sweet) heart of the handbook with plenty of 
down-to-earth advice about how to apply PCI. 

A software section that describes and references the wide range of packages 
that are readily available from vendors, and from software houses often 
overlooked by some firms. 

There's more. Much more. Including guides on how to configure a system 
and technical specifications for specific PCI hardware and software. Contact 
your local Burr-Brown saleperson or representative for your copy. 
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STD BUS & DATA COMMUNICATIONS PRODUCTS 




STD BUS INDUSTRIAL I/O PRODUCTS 

The Burr-Brown STD Bus products provide the most cost-effective tool for 
solving the applications-oriented problems of process control and system 
integration. 

The modularity and simplicity offered by this well-defined standard have 
led to the development of a complete line of STD Bus products. The line 
includes a disk controller and operating system, a Z80 CPU with onboard 
DMA, various memory boards, a 32-channel 12-bit A/D converter, two CRT 
controllers, and IEEE-488 interface card, and two types of discrete I/O 
cards. 





DATA COMMUNICATIONS PRODUCTS 

Burr-Brown Data Communications products provide the most cost-effective 
tool for solving the local data communications problems for industrial and 
institutional facilities. 

Limited distance and Fiber Optic Modems provide extension of RS-232 
ports up to several miles. In addition, electrical isolation for wire units is 
provided by transformers and optical couplers, eliminating ground loops. 
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equipment damage, and noise pickup. Surge suppression devices are inter- 
nally mounted on all field inputs and outputs. The LDM422 (left) serves as 
a Limited Distance Modem and as an RS-232-to-RS-422 converter with 
multipoint capability. It has two complete high speed transmit and receive 
for data and handshake. It features lOOOV isolation and surge protection. 

Fiber optic modems offer the maximum in isolation and EMI/RFI immunity. 
The LDM80 (right) is signal powered from RS-232 ports transmits up to 
3.5km at 19.2Kbits per second. The LDM85 is a unique multipoint-capable 
modem with data rates to SMbits per second. 

Other products include: 

LDM35 — Signal-Powered Limited-Distance Modem. 
LDM70 — High Speed Ruggedized Industrial Modem. 
APA120 — ^Personal-Computer-Based Protocol Analyzer. 



Expansion 



FMX800 



Expansion 



^ 



Clil-16 



RS-232 Terminal 



m 



FMX800 



^ 



/-^\ 



Fiber Optic Trunk, 
Up to 2.0l<m, 
3Mbps 



Ch1-16 



Bn 




CPU 
RS-232 Ports 



32 



LDiVI85/LDM80 Fiber Optic Modem 
witli Local Link, Up to 1 .5km 



DATA MULTIPLEXER 

As illustrated above, the FMX800 fiber optic multiplexer family provides a 
three megabaud link between separate buildings and clusters of computers 
or terminal ports. A single FMX800 chassis allows up to 16 19.2Kbaud ports 
to be extended through a single pair of glass fibers. Up to three expansion 
units make the channel count 64. All channels may operate full duplex at the 
maximum RS-232. V.24 data rate of 19.2kbaud. Control signals Request To 
Send (RTS), Clear To Send (CTS), Data Set Ready (DSR), and Data 
Terminal Ready (DTR) are continuously scanned and carried through the 
trunk line to provide remote handshake capability. 
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COMPONENT TERMINALS 

WHY REINVENT AN OPERATOR INTERFACE? 

Is your microprocessor-based equipment used or serviced by human beings? 
If so, you may be interested in a new line of operator interface terminals 
from Burr-Brown. The operator interface provides the way for an operator 
to setup and run equipment; it may also provide diagnostic/service access for 
a repairman. 

For most new products, the operator interface is custom designed because 
no off-the-shelf product has been available which adequately addresses this 
need. This means that engineering resources are needed, which will place an 
additional demand on already limited manpower. The availability now of 
commercial/industrial operator interfaces allows companies to concentrate 
their resources in the area of their greatest expertise, and therefore, to get the 
best return on engineering investment. 

Operator interfaces are used in a variety of equipment. There are numerous 
controller applications such as machine controllers, motor controllers, proc- 
ess controllers, HVAC controllers, programmable controllers, and motion 
controllers. Other applications include operator interface for instruments, 
test machines, data acquisition systems, weighing systems, imaging sys- 
tems, and medical equipment. 

Consider these issues when looking for an operator interface: 

Display 

Is it easily readable in your operating environment? 

Keyboard 

Is the tactile response appropriate for your needs? Can the keys be clearly 
marked for your application? 

Operation 

Will the units operate in a mode that is convenient in your application? 

Communications 

What interface do you need? RS-232C is a good choice for many applica- 
tions. RS-422 is useful for distances of greater than 50 feet or for electrically 
noisy environments. 

Package 

Will the package fit into your equipment, aesthetically and physically? Is it 
easy to mount? Does the package need to be sealed? 

Environment 

Under what conditions must the unit operate? 

Burr-Brown has recently introduced a line of operator interface terminals, 
the TM2500 and the TM2700, which use standard ASCII communications. 
They are low cost, easy-to-use, easy-to-design-in units. In many applica- 
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tions it is no longer necessary to design an expensive long-lead-time custom 
operator interface. These units provide a large liquid-crystal display with a 
wide viewing angle. The terminals go through an automatic self-test every 
time power is applied. The keyboard offers excellent tactile response, 
providing a numeric keypad, six user-programmable function keys, and six 
control keys. The function keys are back-lighted under host computer 
control. They can also be programmed to transmit any sequence of up to four 
characters. Each function key has a label area adjoining it so that the user 
can easily customize each key. 

The terminals operate in one of three modes. In character mode, a character 
is transmitted as each key is pressed. The character may be echoed to the 
display as defined. In the block mode, all characters are internally buffered 
and displayed as keys are pressed. The entire line of data is then transmitted 
when the enter key is pressed. The polled mode is the third way to operate 
these units. In the polled mode, data is entered as in the block mode; 
however, the data is not transmitted until the host processor requests it. 
Another option in this mode is to assign each terminal an address so that a 
number of terminals may be committed to the same host interface line. 

Other options include baud rate, line termination, turnaround delay, display 
viewing angle, hand check protocol, local echo, key repeat, and key click. 
All options are user selectable and stored in nonvolatile EEPROM. 

The TM2500 is available with an RS-232C interface, while the TM2700 is 
provided with an RS-422 interface. 

These microterminals provide an easy-to-use, off-the-shelf interface in 
many new equipment designs. 
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BURR -BROWN® 




TM2500 
TM2700 






OEM MICROTERMINALS 



BENEFITS/FEATURES 

• MINIMIZES DEVELOPMENT TIME AND EXPENSE 

• LARGE, HIGH CONTRAST 16-CHARACTER LCD 
DISPLAY 

• 80-CHARACTER DISPLAY BUFFER 

• SIX PROGRAMMABLE BACKLIT FUNCTION KEYS 

• POSITIVE TACTILE FEEDBACK KEYBOARD 

• EASILY CUSTOMIZED LABELS 

• ADJUSTABLE VIEWING ANGLE 



DESCRIPTION 

The TM2500/TM2700 are low cost, compact, indus- 
trial data entry and display terminals. They are 
designed to be used as operator panels, as well as 
service and diagnostic equipment. The terminals can 
also be used as a simple keyboard entry data collec- 
tion terminal. The TM2500 and TM2700 are similar 
units, differing only in communications interface — 
RS-232C on the TM2500 and RS-422 on the 
TM2700. 

Both terminals are lightweight, 10.5 ounces, and are 
enclosed within a 4.102" X 7.102" X 1.060" case. The 
terminals have six backUt programmable function 
keys. Space is provided to customize the keyboard 



• NONVOLATILE CONFIGURATION STORAGE 

• POWERUP SELF-TEST 

• ALL OPTIONS USER-SELECTABLE 



APPLICATIONS 

• OPERATOR PANEL 

• SERVICE/DIAGNOSTIC DEVICE 

• DATA COLLECTION TERMINAL 



and function keys with company logos and function 
labels. The compact size of the TM2500/TM2700 
makes them ideal for applications where space is at a 
premium. 

The TM2700 is recommended for electrically noisy 
environments, multidrop applications, and where 
communication distances of more than 50 feet, are 
required. Fifteen command sequences are used by 
the host to control these terminals. Burr-Brown's 25 
years of experience in developing and producing 
OEM products has ensured that the design of the 
TM2500/TM2700 is focused on the needs of poten- 
tial and existing customers. 
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KEYBOARD 

A numeric keypad with six programmable function keys 
is provided for operator input. The keys are widely 
spaced for ease of entry. The silicon rubber keyboard 
provides environmental sealing with good tactile feed- 
back. A unique characteristic of the keyboard is that 
each function key is backlit. The backlighting is under 
host computer control to give maximum flexibility to the 
operator. The keyboard also features key click and key 
repeat functions. If an invalid key is pressed, the terminal 
responds with an audible tone. 

DISPLAY 

The display is a 16-character LCD with large, easy to 
read characters. An 80-character display buffer with 
scroll keys allows the operator to slide the 16-character 
window across the 80-character line. The high contrast 
display on the terminals provides sufficient alphanumeric 
display capability for most panel-mount applications. 

CASE 

The case for the TM2500/TM2700 is designed for either 
surface or recessed mounting. The keyboard and display 
are sealed in the ABS plastic case so that when properly 
mounted, the terminal is protected against dust and 
moisture. 



SPECIFICATIONS 

Display 16-character alphanumeric LCD 

with adjustable viewing angle 

Character Size 0.38" (9.66mm) character height 

Display Buffer 80 characters 

Keyboard Sealed molded silicon rubber 

Scrolling Keys Two, manual 

Keypad Numeric 

Number of Keys 24 

Operation Life 1,000,000 operations 

Function Keys Six, programmable, backlit 

Indicators Audible tone, flashing display, 

6LEDs 

Communications TM2500 — RS-232C, 

point-to-point; TM2700~RS-422, 
multidrop up to 32 terminals 

Power 5VDCor7.5to lOVDC at 

250mA max, TM2500 
350mA max, TM2700 

Baud Rate 300,1200,9600 

Modes Character and block 

Operating Temperature. . .0°C to +50°C (32°F to 122° F) 

Storage Temperature -20°C to +70°C 

(-4°Fto-H158°F) 

Dimensions 4.102" X 7.102" X 1.060'' 

Weight 10.5 ounces 

Mounting Flush or surface mounted 

Case Dust and moisture sealed ABS plastic 



ENVIRONMENTAL QUALIFICATIONS 

The following environmental qualification tests were 
performed on TM2500/TM2700: 

Altitude 50,000 feet nonoperational, 

15,000 feet operational 

Temperature Rating -20°C to -l-70°C storage, 

0°C to -l-50°C operational 

Keypad Service Life One million operations 

Vibration Search— 5-55 Hz in three planes. 

Cycling— 55-500-55HZ at 3G 

Mechanical Shock 30G with duration of 11ms 

Radio Interference Meets FCC Class A compliance 

Conducted Interference Meets FCC Class A 

compliance 

Radio Susceptibility 2.0V per meter over 14kHz- 

lOGHz in vertical or horizontal sweep 

Bench Drop Test 4" or 45° pivot drop to 1-5/8"- 

thick bench top 

Package Drop Test Certified by the National Safe 

Transit Association 
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DIGITAL SIGNAL PROCESSING 

DEVELOPMENT TOOLS & REAL-TIME PRODUCTS 










Burr-Brown's PC-based DSP development tools and products dramatically 
reduce the development cycle of new designs using digital signal process- 
ing. 

First, the development tools provide an efficient, user-friendly interface for 
creating algorithms and "proving" designs on real-time hardware.. The 
component modules, then, provide a straightforward, cost-effective method 
for integrating the solution into production runs of the overall design. 
Following are just a few of the tools Burr-Brown currently offers: 

DSPlay ™ — Simulates the Design 

The DSPlay Software Package transforms the PC into a powerful Digital 
Signal Processing workstation. The package provides you with a graphic 
editor for creating block diagrams, which then translate into DSP algo- 
rithms. When you have created the block diagram, or "FlowGram™," the 
software will then execute the algorithm and display the data at any point in 
the signal flow. 

The package features more than 70 DSP and related block functions 
including real signal acquisition. To complete the package, a utilities menu 
provides filter design programs, text editor, and DOS commands. 



Burr-Brown IC Data Book 



14-14 



Vol, 33 



For most engineers, DSPlay offers an extremely practical tool in concepting 
and designing DSP solutions. 

DSPlay XL/32 — The Software to Emulate and Prove the Design 

The DSPlay XL/32 Software Package provides the same user interface as 
DSPlay with one notable difference — XL generates highly efficient code 
for AT&T's (WE®) DSP32 processor and, therefore, provides the way to 
quickly demonstrate or prove a design. 

Once generated in XL, the block diagram simulating the program may be 
executed in real-time by downloading it directly to Burr-Brown's PC-based 
processor board, DSPeed ™. The necessary ADC/DAC interface code is al- 
ready present. 

In addition to filter-design programs, text editor, and DOS commands, 
DSPlay XL/32 features a built-in assembler and debugger enabling the user 
to write and include custom block functions. 

Although specifically designed to run with the DSPeed (ZPB32) board, 
DSPlay XL/32 can also be used to generate code for any DSP32 application. 

The Hardware to Execute the Design — ^The DSPeed Processor 

DSPeed is a PC-based DSP Floating Point Processor board capable of per- 
forming complex 1024-point FFT's in less than 10ms! 

The board integrates AT&T's DSP32 Digital Signal Processor on a full-size 
PC card, increasing the PC's computing power by orders of magnitude. This 
computing power improvement, coupled with the board's two separate high- 
speed buffered serial data busses and 64KB of SRAM, enable the PC to 
process signals in real-time. 

DSPeed is supplied with a software utilities program for downloading and 
executing any program written for the DSP32. The utilities allow for break- 
points, and for the viewing registers, accumulators, and memory. 

The standard version of DSPeed, the ZPB32, is provided with a 250ns 
processor. For faster processing, a 160ns part is optionally available; Order 
part number ZPB32-HS. 

ZPBIOO — The Analog Interface 

The ZPBIOO provides low cost, real-time analog input and output. The 
board implements an input amplifier, anti-aliasing filter, 15-bit ADC , 15- 
bit DAC, smoothing filter, and output filter onto a half-size PC board. The 
board features separate serial data busses for direct connection to the 
DSPeed hoard. With these features, the ZPBIOO is ideal for development in 
speech or telecommunications applications. 

DSPlay"^, DSPeed"^, FlowGram™ Burr-Brown Corp. 
WE® AT&T Corp. 
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COMPONENT MODULES — COST-EFFECTIVE INTEGRATION 

ZPPlOOl — "Zero Chip Interface" High-Performance ADC 

The ZPPlOOl provides a 16-bit resolution, 14-bit. Unear, 150kHz ADC with 
direct connection — no glue logic required — ^to AT&T's Digital Signal 
Processors (DSP16, DSP32, DSP32C). Two modules can be cascaded for 
dual-channel operation. 

ZPP2001 — "Zero Chip Interface" High-Performance DAC 

The ZPPlOOl provides a 16 bit resolution, 14-bit linear, 150kHz DAC with 
direct connection — ^no glue logic required— to AT&T's Digital Signal 
Processors (DSP16, DSP32, DSP32C). Two modules can be cascaded for 
dual-channel operation. 

Other design and integration tools for the PC and other bus structures are 
currently in development. If you need to find the shortest route from DSP 
development to integration, call a Burr-Brown applications engineer at 
(602)746-1111. 
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VMEbus BOARDS 




Analog and Digital I/O and Digital Signal 
Processing Boards for VMEbus Systems. 



Burr-Brown first introduced VMEbus products in 1983 and now manufac- 
tures a comprehensive line of specialized products for the industrial instru- 
mentation, control, and automation markets. Using Burr-Brown high per- 
formance data conversion products (for example the ADC803) we are able 
to offer products that set new performance standards in the VMEbus market. 
When these are operated with the digital signal processing boards, a wide 
range of applications can be addressed. 

THE SYSTEM APPROACH 

We've taken a system approach in the design of the bus interface. This 
ensures software compatibiUty between the boards as well as giving the 
system designer a wide range of VMEbus features: 

• Configuration A24, D16, DTB slave. 

• Address block selectable within 16Mb memory space. 

• Short addressing available if required (64 bytes). 

• 7-level interrupt priority selection. 

• Full interrupt vector selection — 8 lines (256 options). 

• Double Eurocard format, 160mm x 233mm. 
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SUPPORT DOCUMENTATION 

Each VMEbus board is fully supported with a comprehensive operating 
manual. In addition to detailed set-up and operating instructions, the manual 
includes schematics and assembly language software written for the 68000 
processor. 
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TOP-QUALITY BURR-BROWN VMEbus PRODUCTS 

In addition to the full QC inspection of incoming components, the boards are 
subjected to a comprehensive temperature-cycled bum-in (8 cycles between 
~20°C and +50°C). 

Exhaustive tests before and after bum-in ensure that any problems are 
identified before the product leaves the factory. 

MORE INFORMATION 

You can get additional information on VMEbus products from the Industrial 
Systems Products Group by calling (602) 746-1111. 



VMEbus PRODUCTS 



Model Description 



General-Purpose Analog I/O Boards 

MPV901 32 SE/1 6 DIF inputs. 1 2-bit resolution. Optional outputs and software-programmable amplifier. 

MPV904 1 6 voltage outputs. 1 2-bit resolution. (Current output option MPV908.) 

I^PV906 64 SE/32 DIF isolated input. 12-bit resolution. TTL I/O expansion module. 

MPV907 32 SE/1 6 DIF inputs. 1 2-bit resolution. TTL I/O expansion module. 



High-Performance Analog I/O Boards 

MPV91 1 8 inputs. 16-bit resolution. Swinging buffer RAM. 

MPV950 1 6 inputs. 330kHz sampling rate. 

MPV952 8 inputs. 330kHz sampling rate. Swinging buffer RAM. 

MPV954 8 outputs. 858kHz sampling rate. Dual port RAM. 



Intelligent Analog & Digital I/O Boards 

MPV940 Family 68000 controller with 512Kb DRAM. Analog and digital I/O modules and expansion boards available. 

Digital I/O Boards 

MPV902/MPV903 32-channel relay output with 0.5A or 1 .5A relay contacts. 

MPV910 32-channei. 600VDC isolation. 

MPV930 48-channel TTL I/O. Output readback. Status LEDs. 

Digital Signal Processing (DSP) Boards 

SPV1 00 DSP CPU Board. TMS3201 processor. Swinging buffer RAM. 

SPV120 DSP CPU Board. TMS32020 processor. Two RS-232 ports, auxiliary I/O ports, DMA controller, RAM, ROM, 

and EPROM. Supplied with EPROM-based monitor. 
SPV1 25 DSP CPU Board. TMS320C25 processor. Two RS-232 ports, auxiliary I/O ports, on-board DM AC, dual port 

memory supplied with EPROM-based monitor. 
MPV1 21 Module carrier for SPV1 20 analog I/O modules. 

MPV960 DSP CPU board. TMS3201 processor. 4-channel analog input, simultaneous sampling, 1 0OkHz sampling 

rate. 
MPV990 4-channel anti-aliasing filter for MPV960. 

Software 

PSOS and VERSADOS Drivers for most boards 
DSP Applications Software 
Development Software for TMS320 CPUs 
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MULTIBUS I/O BOARDS 




Analog and Digital Input/ Output Boards for IEEE-'796 
Compatible Microcomputer Systems. 



Burr-Brown offers a complete selection of general-purpose and special- 
function subsystem-level I/O boards for industrial, process, and laboratory 
data acquisition, monitoring, and control applications. 

OFF-THE-SHELF SYSTEM SOLUTIONS 

Burr-Brown Multibus boards can be configured into complete, high-per- 
formance I/O systems quickly and economically. Results? Cost-effective 
working systems in-place or ready for market in time to meet demanding 
application and customer schedules. 

MORE INFORMATION 

You can get additional information on Multibus products from the Industrial 
Systems Products Group by calling (602) 746-1111. 



FEATURES 

• Low cost 

• Easy to program 

• Memory or I/O mapped 

• 48-hour bum-in at 70°C 

• Analog outputs 

• Relay outputs 

• Isolated discrete inputs 
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Analog inputs: 
12-bit resolution 
Software, resistor gain setting 
Low/high level signals 
High-channel density 
High speed 
Input voltage protection, isolation 
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CROSS-REFERENCE INFORMATION 



HOW TO USE 

The following table has been arranged for your convenience. Use it when 
you have another manufacturer's part and want to find the closest equivalent 
Burr-Brown part. Other manufacturers are listed alphabetically, with their 
model numbers listed alphanumerically within each company name. 

We have listed has three levels of equivalency: P/P means Pin for Pin. The 
part is a true second source. F/E means Functional Equivalent. The model 
offers a very similar function and very similar performance, but is not pin 
for pin. C/P means Closest Part. The part has similar function and similar 
performance, but significant differences exist. 

When you have identified the corresponding Burr-Brown model, see if its 
Product Data Sheet is in this book by using the Model Index on the inside 
front cover. For models not included in this Data Book, request the Product 
Data Sheet from your local Burr-Brown salesperson or representative. They 
are listed on the inside back cover. 
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CROSS-REFERENCE INFORMATION 






Burr-Brown 






Company 


Model 


Model<') 


Description 


Equlvalency<2) 


Analog Devices 


433 


4302 


Multifunction Converter 


F/E 


Analog Devices 


436 


4204/4206 


Analog Divider 


F/E 


Analog Devices 


757 


LOG100 


Log Amp 


F/E 


Analog Devices 


AD OP-07 


OPA27 


Op Amp 


F/E 


Analog Devices 


AD OP-27 


OPA27 


Op Amp 


P/P 


Analog Devices 


AD OP-37 


OPA37 


Op Amp 


P/P 


Analog Devices 


AD101A 


3508J 


Op Amp 


C/P 


Analog Devices 


AD171 


3582 


High Voltage Op Amp 


C/P 


Analog Devices 


AD202 


3656 


Isolation Amp 


F/E 


Analog Devices 


AD202 


1301 02/1 06 


Isolation Amp 


C/P 


Analog Devices 


AD202 


1801 20/1 21 


Isolation Amp 


C/P 


Analog Devices 


AD204 


1801 02/1 06 


Isolation Amp 


C/P 


Analog Devices 


AD210 


3656 


Isolation Amp 


F/E 


Analog Devices 


AD289 


3650/56 


Isolation Amp 


F/E 


Analog Devices 


AD289 


1801 00 


Isolation Amp 


C/P 


Analog Devices 


AD289 


1801 02/1 06 


Isolation Amp 


C/P 


Analog Devices 


AD293 


3656 


Isolation Amp 


F/E 


Analog Devices 


AD293 


1801 02/1 06 


Isolation Amp 


C/P 


Analog Devices 


AD294 


3656 


Isolation Amp 


F/E 


Analog Devices 


AD294 


1801 02/1 06 


Isolation Amp 


C/P 


Analog Devices 


AD295 


3656 


Isolation Amp 


F/E 


Analog Devices 


AD346 


SHe804 


Sample/Hold 


F/E 


Analog Devices 


AD363 


SDM854 


Data Acq System 


C/P 


Analog Devices 


AD363 


SDM856 


Data Acq System 


C/P 


Analog Devices 


AD363 


SDM857 


Data Acq System 


C/P 


Analog Devices 


AD363 


SDM872 


Data Acq System 


C/P 


Analog Devices 


AD364 


8DM873 


Microperipheral 


C/P 


Analog Devices 


AD376 


ADC76 


A/D Converter 


P/P 


Analog Devices 


AD380 


OPA605 


Op Amp 


C/P 


Analog Devices 


AD381 


OPA606 


Op Amp 


P/P 


Analog Devices 


AD382 


OPA605 


Op Amp 


C/P 


Analog Devices 


AD389 


8HC76 


Sample/Hold 


P/P 


Analog Devices 


AD503 


0PA121 


Op Amp 


P/P 


Analog Devices 


AD504 


3510 


Op Amp 


F/E 


Analog Devices 


AD506 


0PA121 


Op Amp 


P/P 


Analog Devices 


AD507 


3508 


Op Amp 


P/P 


Analog Devices 


AD509 


3507 


Op Amp 


P/P 


Analog Devices 


AD510 


OPA27 


Op Amp 


P/P 


Analog Devices 


AD515 


AD515 


Op Amp 


P/P 


Analog Devices 


AD517 


OPA27 


Op Amp 


F/E 


Analog Devices 


AD518 


3507 


Op Amp 


F/E 


Analog Devices 


AD521 


INA101 


Precision Inst Amp 


F/E 


Analog Devices 


AD524 


INA101 


Precision Inst Amp 


F/E 


Analog Devices 


AD524 


INA102 


Precision Inst Amp 


F/E 


Analog Devices 


AD524 


INA110 


Precision Inst Amp 


P/P 


Analog Devices 


AD532 


MPY100 


Analog Multiplier 


F/E 


Analog Devices 


AD533 


MPY100 


Analog Multiplier 


F/E 


Analog Devices 


AD534 


MPY534 


Analog Multiplier 


P/P 


Analog Devices 


AD535 


MPY534 


Analog Divider 


F/E 



NOTES: (1 ) See Model Index, inside front cover. (2) P/P = Pin for Pin. A true second source. F/E = Functional Equivalent. Very 
similar function and performance, but notpin for pin. C/P = Closest Part. Similar function and performance, with significant differences. 
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CROSS-REFERENCE INFORMATION 






Burr-Brown 






Company 


Model 


Mode|(') 


Description 


Equivaiency<2) 


Analog Devices 


AD536 


4341 


RMS/DC 


F/E 


Analog Devices 


AD537 


VFC32 


V/F Converter 


C/P 


Analog Devices 


AD539 


MPY634 


Wideband Analog Multiplier 


C/P 


Analog Devices 


AD542 


0PA1 21/3542 


Op Amp 


F/E 


Analog Devices 


AD544 


OPA606 


Op Amp 


F/E 


Analog Devices 


AD545 


0PA121/111 


Op Amp 


P/P 


Analog Devices 


AD547 


OPA111 


Op Amp 


F/E 


Analog Devices 


AD548 


0PA1 11/121 


FETOpAmp 


F/E 


Analog Devices 


AD549 


OPA128 


Op Amp, Electrometer FET 


F/E 


Analog Devices 


AD565 


DAC80 


D/A Converter 


C/P 


Analog Devices 


AD565 


DAC85H 


D/A Converter 


C/P 


Analog Devices 


AD565 


DAC87H 


D/A Converter 


C/P 


Analog Devices 


AD566 


DAC80 


D/A Converter 


C/P 


Analog Devices 


AD566 


DAC85H 


D/A Converter 


C/P 


Analog Devices 


AD566 


DAC87H 


D/A Converter 


C/P 


Analog Devices 


AD567 


DAC811 


D/A Converter Latched 


F/E 


Analog Devices 


AD569 


DAC709 


D/A Converter Latched 


C/P 


Analog Devices 


AD572 


ADC84 


A/D Converter 


F/E 


Analog Devices 


AD572 


ADC85H 


A/D Converter 


F/E 


Analog Devices 


AD574 


ADC574 


A/D Converter 


P/P 


Analog Devices 


AD578 


ADC803 


A/D Converter 


F/E 


Analog Devices 


AD581 


REF10 


Voltage Reference 


C/P 


Analog Devices 


AD582 


SHC298 


Sample/Hold 


C/P 


Analog Devices 


AD582 


SHC5320 


Sample/Hold 


F/E 


Analog Devices 


AD583 


SHC5320 


Sample/Hold 


F/E 


Analog Devices 


AD584 


REF101 


Voltage Reference 


C/P 


Analog Devices 


AD585 


SHC5320 


Sample/Hold 


F/E 


Analog Devices 


AD587 


REF10 


Voltage Reference 


F/E 


Analog Devices 


AD587 


REF101 


Voltage Reference 


F/E 


Analog Devices 


AD588 


REF101 


Voltage Reference 


C/P 


Analog Devices 


AD606 


INA101 


Precision Inst Amp 


F/E 


Analog Devices 


AD611 


0PA121 


Op Amp 


F/E 


Analog Devices 


AD611/2/4 


3606 


Programmable Gain lA 


F/E 


Analog Devices 


AD611/2/4 


PGA200/201 


Programmable Gain lA 


F/E 


Analog Devices 


AD624 


INA101 


Precision Inst Amp 


F/E 


Analog Devices 


AD624 


INA102 


Precision Inst Amp 


F/E 


Analog Devices 


AD624 


INA110 


Precision Inst Amp 


P/P 


Analog Devices 


AD625 


INA101 . 


Precision Inst Amp 


F/E 


Analog Devices 


AD632 


MPY100 


Analog Multiplier 


F/E 


Analog Devices 


AD633 


MPY634 


Analog Multiplier 


C/P 


Analog Devices 


AD642 


0PA2111 


Op Amp 


C/P 


Analog Devices 


AD644 


0PA2111 


Op Amp 


C/P 


Analog Devices 


AD647 


0PA2111 


Op Amp 


F/E 


Analog Devices 


AD648 


0PA2111 


FET Op Amp, Dual 


F/E 


Analog Devices 


AD650 


VFC320 


V/F Converter 


C/P 


Analog Devices 


AD651 


VFC100 


V/F Converter Synchronized 


P/P 


Analog Devices 


AD654 


VFC32 


V/F Converter 


C/P 


Analog Devices 


AD667 


DAC811 


D/A Converter Latched 


F/E 


Analog Devices 


AD683 


SHC803/804 


Sample/Hold 


F/E 



NOTES: (1 ) See Model Index, inside front cover. (2) P/P = Pin for Pin. A true second source. F/E = Functional Equivalent. Very 
similar function and performance, but not pin for pin. C/P = Closest Part. Similar function and performance, with significant differences. 
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CROSS-REFERENCE INFORMATION 






Burr-Brown 






Company 


Model 


Mo(lel<') 


Description 


Equivalency^^) 


Analog Devices 


AD693 


XTR101 


Two-Wire Current Loop Transmitter 


F/E 


Analog Devices 


AD711 


OPA602 


FET Op Amp 


P/P 


Analog Devices 


AD712 


0PA2111 


Dual 711 


C/P 


Analog Devices 


AD744 


OPA605 


Op Amp 




Analog Devices 


AD2700 


REF10 


Voltage Reference 


C/P 


Analog Devices 


AD2701 


REF101 


Voltage Reference 


C/P 


Analog Devices 


AD2702 


REF101 


Voltage Reference 


C/P 


Analog Devices 


AD2710 


REF10 


Voltage Reference 


F/E 


Analog Devices 


AD2712 


REF101 


Voltage Reference 


C/P 


Analog Devices 


AD3554 


3554 


Op Amp, Wide Bandwidth 


P/P 


Analog Devices 


AD3860 


DAC811 


D/A Converter 


C/P 


Analog Devices 


AD6012 


DAC80 


D/A Converter 


C/P 


Analog Devices 


AD6012 


DAC85H 


D/A Converter 


C/P 


Analog Devices 


AD6012 


DAC87H 


D/A Converter 


C/P 


Analog Devices 


AD7501 


HI-508A 


MUX 


F/E 


Analog Devices 


AD7501 


MPC8S 


MUX 


F/E 


Analog Devices 


AD7502 


HI-509A 


MUX 


F/E 


Analog Devices 


AD7502 


MPC4D 


MUX 


F/E 


Analog Devices 


AD7506 


HI-506A 


MUX 


P/P 


Analog Devices 


AD7506 


MPC16S 


MUX 


P/P 


Analog Devices 


AD7507 


HI-507A 


MUX 


P/P 


Analog Devices 


AD7507 


MPC8D 


MUX 


P/P 


Analog Devices 


AD7521 


DAC85H 


D/A Converter 


C/P 


Analog Devices 


AD7521 


DAC7541A 


D/A Converter 


P/P 


Analog Devices 


AD7531 


DAC85H 


D/A Converter 


C/P 


Analog Devices 


AD7531 


DAC7541A 


D/A Converter 


P/P 


Analog Devices 


AD7541 


DAC7541A 


D/A Converter 


P/P 


Analog Devices 


AD7542 


DAC811 


D/A Converter Latched 


C/P 


Analog Devices 


AD7545 


DAC7545 


D/A Converter Latched 


P/P 


Analog Devices 


AD7546 


DAC706 


D/A Converter Latched 


F/E 


Analog Devices 


AD7546 


DAC707 


D/A Converter Latched 


F/E 


Analog Devices 


AD7548 


DAC811 


D/A Converter Latched 


C/P 


Analog Devices 


ADADC80 


ADC80AG 


A/D Converter 


P/P 


Analog Devices 


ADADC84 


ADC84 


A/D Converter 


P/P 


Analog Devices 


ADADC85 


ADC85 


A/D Converter 


P/P 


Analog Devices 


ADC1103 


ADC803 


A/D Converter 


F/E 


Analog Devices 


ADC1130 


ADC71/72 


A/D Converter 


C/P 


Analog Devices 


ADC1t31 


ADC71/72 


A/D Converter 


C/P 


Analog Devices 


ADC1140 


ADC71/72 


A/D Converter 


C/P 


Analog Devices 


ADC1140 


ADC76 


A/D Converter 


C/P 


Analog Devices 


ADC1140 


PCM75 


A/D Converter 


C/P 


Analog Devices 


ADLH0032 


OPA605 


Op Amp 


C/P 


Analog Devices 


ADLH0033 


OPA633 


Voltage Buffer 


F/E 


Analog Devices 


ADVFC32 


VFC32 


V/F Converter 


P/P 


Analog Devices 


ADDAC71 


DAC71 


D/A Converter 


P/P 


Analog Devices 


ADDAC71 


DAC700/703 


D/A Converter 


P/P 


Analog Devices 


ADDAC72 


DAC72 


D/A Converter 


P/P 


Analog Devices 


ADDAC72 


DAC700/703 


D/A Converter 


P/P 


Analog Devices 


ADDAC80 


DAC80 


D/A Converter 


P/P 



NOTES: (1 ) See Model Index, inside front cover. (2) P/P = Pin for Pin. A true second source. F/E = Functional Equivalent. Very 
similar function and performance, butnotpinforpin. C/P = Closest Part. Similar function and performance, with significant differences. 
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CROSS-REFERENCE INFORMATION 



Company 



Model 



Burr-Brown 
Mode|('> 



Description 



Equlvalency<^> 



Analog 
Analog 
Analog 
Analog 
Analog 
Analog 
Analog 
Analog 
Analog 
Analog 

Analog 
Analog 
Analog 
Analog 
Analog 
Analog 
Analog 
Analog 
Analog 
Analog 



Devices 
Devices 
Devices 
Devices 
Devices 
Devices 
Devices 
Devices 
Devices 
Devices 

Devices 
Devices 
Devices 
Devices 
Devices 
Devices 
Devices 
Devices 
Devices 
Devices 



Analog Devices 
Analog Devices 
Analog Devices 
Analog Devices 

Analogic 
Analogic 
Analogic 
Analogic 
Analogic 
Analogic 
Analogic 
Analogic 
Analogic 
Analogic 
Analogic 
Analogic 
Analogic 
Analogic 

Apex 
Apex 
Apex 
Apex 
Apex 
Apex 
Apex 
Apex 
Apex 
Apex 
Apex 



ADDAC80 

ADDAC85 

ADDAC87 

CAV1210 

DAS1128 

DAS1128 

DAC1136 

HAS-050 

HAS-1202 

HAS-1202A 

HDS1240 

HOS-050 

HOS-060 

HOS-100 

HOS-200 

HT0025 

HTC0300 

HTC0300 

HTS0010 

SHA1A 

SHA2A-5A 
SHA2A-5A 
SHA21 
SHC85 

MP1814 
MP1814 
MP1914 
MP1914 
MP6812 
MP6812 
MP6812 
MP8014 
MP8014 
MP8016 
MP8016 
MP8116 
MP8116 
MP8116 

PA-01 
PA-02 
PA-07 
PA-08 
PA-10 
PA-11 
PA-12 
PA-51 
PA-61 
PA-73 
PA-80/1/2 



DAC80P 


D/A Converter 


P/P 


DAC85H 


D/A Converter 


P/P 


DAC87H 


D/A Converter 


P/P 


ADC600 


A/D Converter 


F/E 


SDM856 


Data Acq System 


F/E 


SDM873 


Data Acq System 


F/E 


DAC729+0729MC 


D/A Converter 


P/P 


3554 


Op Amp 


C/P 


ADC803 


A/D Converter 


F/E 


ADC803 


A/D Converter 


C/P 


DAC63 


D/A Converter 


F/E 


3554 


Op Amp. Wide Bandwidth 


C/P 


3554 


Op Amp, Wide Bandwidth 


C/P 


OPA633 


Buffer Amp, Wide Bandwidth 


P/P 


OPA633 


Buffer Amp. Wide Bandwidth 


F/E 


SHC600 


Sample/Hold 


F/E 


SHC803 


Sample/Hold 


F/E 


SHC804 


Sample/Hold 


P/P 


SHC600 


Sample/Hold 


F/E 


SHC85 


Sample/Hold 


F/E 


SHC804 


Sample/Hold 


F/E 


SHM60 


Sample/Hold 


F/E 


SHC803 


Sample/Hold 


F/E 


SHC85 


Sample/Hold 


P/P 


DAC70 


D/A Converter 


F/E 


DAC700/703 


D/A Converter 


F/E 


DAC70 


D/A Converter 


F/E 


DAC700/703 


D/A Converter 


F/E 


SDM863 


Data Acq System 


F/E 


SDM856/857 


Data Acq System 


F/E 


SDM873 


Data Acq System 


F/E 


ADC76 


A/D Converter 


F/E 


PCM75 


A/D Converter 


F/E 


ADC76 


A/D Converter 


F/E 


PCM75 


A/D Converter 


F/E 


DAC729 


D/A Converter 


F/E 


DAC729 


D/A Converter 


F/E 


DAC729 


D/A Converter 


F/E 


0PA511 


High Current O/A 


P/P 


OPA541 


Fast Power Op Amp 


C/P 


OPA512 


High Current O/A 


C/P 


3583 


High Voltage O/A 


C/P 


OPA512 


Power Op Amp, Low Power ver PA-12 


F/E 


0PA511 


High Current O/A 


P/P 


OPA512 


High Current O/A 


P/P 


OPA501 


High Current O/A 


P/P 


OPA512 


Power Op Amp, Higher V ver PA-51 


C/P 


3573 


High Current O/A 


P/P 


3580/81/82 


High Voltage Op Amp 


P/P 
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NOTES: (1) See Model Index, inside front cover. (2) P/P = Pin for Pin. A true second source. F/E = Functional Equivalent. Very 
similar function and performance, but not pin for pin. C/P = Closest Part. Similar function and performance, with significant differences. 
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Company 



Model 



Burr-Brown 
Mode|(') 



Description 



Equivalency^^) 



Apex 
Apex 

Beckman 
Beckman 
Beckman 
Beckman 

Calex 
Calex 
Calex 
Calex 
Calex 

Datel 
Datel 
Datel 
Datel 
Datel 
Datel 
Datel 
Datel 
Datel 
Datel 

Datel 
Datel 
Datel 
Datel 
Datel 
Datel 
Datel 
Datel 
Datel 
Datel 

Datel 
Datel 
Datel 
Datel 
Datel 
Datel 
Datel 
Datel 
Datel 
Datel 
Datel 

Datel 
Datel 
Datel 
Datel 
Datel 



PA83 


3583 


High Voltage 0/A 


P/P 


PA84 


3584 


High Voltage 0/A 


P/P 


877-80 


DAC80 


D/A Converter 


P/P 


877-85 


DAC85H 


D/A Converter 


P/P 


877-85 


DAC87H 


D/A Converter 


P/P 


7580 


DAC80 


D/A Converter 


P/P 


175 


INA101 


Inst Amp 


F/E 


176 J 


INA101 


Inst Amp 


F/E 


176K 


INA101 


Inst Amp 


F/E 


176L 


INA101 


Inst Amp 


F/E 


178 


INA101 


Inst Amp 


F/E 


ADC-EH12B3 


ADC803 


A/D Converter 


C/P 


ADC-HX12B 


ADC84/85H 


A/D Converter 


P/P 


ADC511 


ADC601 


D/A Converter 


F/E 


ADC81 0/811 


ADC803 


A/D Converter 


F/E 


ADC81 7/827 


ADC803 


A/D Converter 


F/E 


DAC-71 


DAC71 


D/A Converter 


P/P 


DAC-71 


DAC700/703 


D/A Converter 


P/P 


DAC-72 


DAC72 


D/A Converter 


P/P 


DAC-72 


DAC700/703 


D/A Converter 


P/P 


DAC-HF12 


DAC63 


D/A Converter 


F/E 


DAC-HF12B 


DAC812 


D/A Converter 


C/P 


DAC-HK12B 


DAC811 


D/A Converter Latched 


F/E 


DAC-HP16 


DAC71/72 


D/A Converter 


P/P 


DAC-HP16 


DAC701/703 


D/A Converter 


P/P 


DAC-HY12 


DAC80 


D/A Converter 


P/P 


DAC-HZ12B 


DAC85H/87H 


D/A Converter 


P/P 


DAC612 


DAC811 


D/A Converter Latched 


C/P 


HDAS-8 


SDM857 


Data Acq System 


F/E 


HDAS-16 


SDM857 


Data Acq System 


F/E 


MDAS-8D 


SDM854 


Data Acq System 


C/P 


MDAS-8D 


SD!\4856/857 


Data Acq System 


C/P 


MDAS-8D 


SDM873 


Data Acq System 


F/E 


MDAS-ie 


SDM872 


Data Acq System 


C/P 


MX-808 


HI-508A 


MUX 


P/P 


MX-808 


MPC8S 


MUX 


P/P 


MX-818 


MPC801 


MUX 


P/P 


IVIX-1606 


MPC16S 


MUX 


P/P 


MX1616 


MPC800 


MUX 


P/P 


MXD-409 


HI-509A 


MUX 


P/P 


MXD-409 


MPC4D 


MUX 


P/P 


MXD-807 


HI-507A 


MUX 


P/P 


MXD-807 


MPC8D 


MUX 


P/P 


SHM-6 


SHC803/804 


Sample/Hold 


C/P 


SHM-6 


SHC5320 


Sample/Hold 


C/P 


SHM-9 


SHC85 


Sample/Hold 


C/P 


SHM-9 


SHC5320 


Sample/Hold 


C/P 



NOTES: (1 ) See Model Index, inside front cover. (2) P/P = Pin for Pin. A true second source. F/E = Functional Equivalent. Very 
similar function and performance, but notpin for pin. C/P = Closest Part. Similar function and performance, with significant differences. 
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CROSS-REFERENCE INFORMATION 



Company 



Model 



Burr-Brown 
Mode|(') 



Description 



Equivalency^^) 



Date! 



Datel 
Date! 
Datel 
Datel 
Datel 
Datel 
Date! 
Datel 

DDC 
DDC 
DDC 
DDC 
DDC 
DDC 
DDC 
DDC 
DDC 
DDC 
DDC 
DDC 
DDC 
DDC 

Elantek 
Elantek 

Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 

Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 

Harris 
Harris 



SHM-20 


SHC5320 


Sample/Hold 


P/P 




SHM360/361 


SHC601 


Sample/Hold 


F/E 




SHM-4860 


SHC803 


Sample/Hold 


C/P 




SHM-4860 


SHC804 


Sample/Hold 


P/P 




SHM-HU 


SHC803 


Sample/Hold 


C/P 




SHM-HU 


SHC804 


Sample/Hold 


C/P 




SHM-HU 


SHM60 


Sample/Hold 


C/P 




SHM-IC-1 


SHC298 


Sample/Hold 


C/P 




SHM-IC-1 


SHC5320 


Sample/Hold 


F/E - 




SHM-LM-2 


SHC298 


Sample/Hold 


P/P 




ADC00401 


ADC803 


A/D Converter 


F/E 




ADC00403 


ADC803 


A/D Converter 


F/E 




ADC4450 


ADC803 


A/D Converter 


F/E 




ADH-051 


ADC803 


A/D Converter 


C/P 




ADH8516 


ADC803 


A/D Converter 


F/E . 




ADH8585 


ADC85H 


A/D Converter 


P/P 




ADH8586 


ADC85H 


A/D Converter 


F/E 




ADH8586 


ADC87H 


A/D Converter 


F/E 




DAC-S 


DAC85H 


D/A Converter Latched 


P/P 




DAC-SL 


DAC811 


D/A Converter Latched 


F/E 




DAC87 


DAC87H 


D/A Converter Latched 


P/P 




DAC02701 


DAC811 


D/A Converter Latched 


F/E 




THA-0523 


SHC803 


Sample/Hold 


F/E 




THA-0523 


SHC804 


Sample/Hold 


P/P 




EL2003 


OPA633 


Voltage Buffer 


P/P 


Z 

o 


EL2007 


OPA541 


Fast Power Amp 


C/P 










h- 


HA-2400 


OPA201 


Op Amp 


C/P 


< 


HA-2420 


SHC5320 


Sample/Hold 


C/P 


s 


HA-2425 


SHC5320 


Sample/Hold 


C/P 


QC 


HA-2500 


3507 


Op Amp 


F/E 


O 


HA-2510 


3507 


Op Amp 


F/E 


u. 


HA-2520 


3507 


Op Amp 


P/P 


z 


HA-2539 


OPA605 


Op Amp 


C/P 


111 
o 


HA-2540 


OPA605 


Op Amp 


C/P 


HA-2541 


OPA605 


Op Amp 


C/P 


z 


HA-2542 


OPA605 


Op Amp 


C/P 


111 

QC 


HA-2600 


3507 


Op Amp 


C/P 


LU 


HA-2620 


3508 


Op Amp 


P/P 


LL 


HA-2630 


3553 


Buffer 


C/P 


lU 


HA-2640/45 


OPA445 


Op Amp, High Voltage, Low Current 


C/P 


OC 

1 


HA-2650 


OPA2111 


Op Amp 


C/P 


en 


HA-4156 


OPA404 


Op Amp 


C/P 


CO 


HA-4741 


OPA404 


Op Amp 


C/P 


O 


HA-5002 


OPA633 


Voltage Buffer 


C/P 


DC 


HA-5033 


OPA633 


Voltage Buffer 


P/P 


o 


HA-5062 


0PA2111 


Op Amp 


C/P 




HA-5064 


OPA404 


Op Amp 


F/E 


^__ 


HA-5082 


0PA2111 


Op Amp 


F/E 


HE 



NOTES: (1 ) See Model Index, inside front cover. (2) P/P = Pin for Pin. A true second source. F/E = Functional Equivalent. Very 
similar function and performance, but not pin for pin. C/P = Closest Part. Similar function and performance, with sign If leant differences. 
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Company 



Model 



Burr-Brown 
Model<') 



Description 



Equivalency^^) 



Harris 
Harris 
Harris 
Harris 
Harris 

Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 

Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 

Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 

Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 
Harris 

Hybrid 
Hybrid 



HA-5084 


OPA404 


Op Amp 


F/E 


HA-5100 


OPA606 


Op Amp 


C/P 


HA-5102 


0PA2111 


Op Amp 


C/P 


HA-5104 


OPA404 


Op Amp 


F/E 


HA-5110 


3551 


Op Amp 


F/E 


HA-5112 


0PA2111 


Op Amp 


C/P 


HA-5114 


OPA404 


Op Amp 


F/E 


HA-513/-35 


OPA27 


Op Amp 


F/E 


HA-5141 


0PA21 


Op Amp 


C/P 


HA-5142 


0PA2111 


Op Amp 


C/P 


HA-5144 


OPA404 


Op Amp 


C/P 


HA-5147 


OPA37 


Op Amp 


F/E 


HA-5160 


OPA602 


Op Amp, Fast FET 


F/E 


HA-5170 


0PA111 


Op Amp 


F/E 


HA-5180 


0PA111 


Op Amp 


P/P 


HA-5190 


OPA605 


Op Amp 


C/P 


HA-5320 


SHC5320 


Sample/Hold 


P/P 


HA-5330 


SHC803 


Sample/Hold 


C/P 


HA-OP07 


OPA27 


Op Amp 


F/E 


HA-OP27 


OPA27 


Op Amp 


P/P 


HA-OP37 


OPA37 


Op Amp 


P/P 


HI-506 


HI-506A 


MUX 


P/P 


HI-506 


MPC16S 


MUX 


P/P 


HI-507 


HI-507A 


MUX 


P/P 


HI-507 


MPC8D 


MUX 


P/P 


HI-508 


HI-508A 


MUX 


P/P 


HI-508 


MPC8S 


MUX 


P/P 


HI-509 


HI-509A 


MUX 


P/P 


HI-509 


MPC4D 


MUX 


P/P 


HI-516 


MPC800 


MUX 


P/P 


HI-518 


MPC801 


MUX 


P/P 


HI-574A 


ADC574A 


A/D Converter 


P/P 


HI-674A 


ADC674A 


A/D Converter 


P/P 


HI-5660 


DAC80 


D/A Converter 


C/P 


Hi-5660 


DAC85H/87H 


D/A Converter 


C/P 


HI-5680 


DAC80 


D/A Converter 


P/P 


Hi-5680 


DAC80 


D/A Converter 


P/P 


HI-5685 


DAC85H 


D/A Converter 


P/P 


HI-5687 


DAC87H 


D/A Converter 


P/P 


HI-5690 


DAC80 


D/A Converter 


C/P 


HI-5695 


DAC85H/87H 


D/A Converter 


C/P 


HI-5811 


DAC811 


D/A Converter 


P/P 


HI-DAC16 


DAC71/72 


D/A Converter 


F/E 


HI-DAC16 


DAC700/703 


D/A Converter 


F/E 


LF353 


0PA2111 


Op Amp 


P/P 


LM118 


3507 


Op Amp 


C/P 


DAC331 


DAC7541A 


D/A Converter 


F/E 


DAC336-12 


DAC811 


0/A Converter Latched 


F/E 



NOTES: (1 ) See Model Index, inside front cover. (2) P/P = Pin for Pin. A true second source. F/E = Functional Equivalent. Very 
similar function and performance, but not pin for pin. C/P «* Closest Part. Similar function and performance, with significant differences. 
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CROSS-REFERENCE INFORMATION 



Company 



Model 



Burr-Brown 
Model(') 



Description 



Equivalency^^) 



Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 

Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 
Hybrid 

Hybrid 
Hybrid 

Hytel< 
Hytel< 

Intecii 

ntersil 
ntersll 
ntersil 
ntersil 
ntersil 
ntersil 
ntersil 
ntersil 
ntersil 
ntersil 

ntersil 
ntersil 
ntersil 
ntersil 
ntersil 
ntersil 
ntersil 
ntersil 
ntersil 
ntersil 

ntersil 
ntersil 



DAC347 


DAC7541A 


D/A Converter 


F/E 


DAC377 


DAC729 


D/A Converter 


C/P 


DAC391 


DAC812 


D/A Converter 


C/P 


DAC9332-16 


DAC708/709 


D/A Converter Latciied 


F/E 


DAC9349 


DAC80 


D/A Converter 


C/P 


DAC9377 


DAC705/707 


D/A Converter Latched 


F/E 


HS346 


SHC85 


Sample/Hold 


C/P 


HS346 


SHC5320 


Sample/Hold 


C/P 


HS3120 


DAC811 


D/A Converter Latched 


F/E 


HS3160 


DAC700/703 


D/A Converter 


C/P 


HS3860 


DAC811 


D/A Converter Latched 


F/E 


HS7541 


DAC7541A 


D/A Converter 


P/P 


HS7545 


DAC7545 


D/A Converter Latched 


P/P 


HS9338 


DAC811 


D/A Converter Latched 


F/E 


HS9377 


DAC707 


D/A Converter Latched 


F/E 


HS9378 


DAC707 


D/A Converter Latched 


F/E 


HS9410 


SDM872 


Data Acq System 


C/P 


HS9576 


ADC76 


A/D Converter 


P/P 


HSDAC80 


DAC80 


D/A Converter 


P/P 


HSDAC87 


DAC87H 


D/A Converter 


P/P 


HSDAC87 


DAC811 


D/A Converter 


F/E 


HY6110 


PGA200 


Precision Prog Gain Amp 


C/P 


HY6110 


PGA100/102 


Precision Prog Gain Amp 


C/P 


AD1201 


ADC601 


A/D Converter 


F/E 


AD7521 


DAC7541A 


D/A Converter 


P/P 


AD7531 


DAC7541A 


D/A Converter 


P/P 


AD7541 


DAC7541A 


D/A Converter 


P/P 


ICH8515 


OPA541 


Power Op Amp 


C/P 


ICL7134 


DAC708/709 


D/A Converter Latched 


C/P 


ICL7145 


DAC705/707 


D/A Converter Latched 


C/P 


ICL7146 


DAC811 


D/A Converter Latched 


C/P 


ICL7605/06 


INA102 


Precision Inst Amp 


F/E 


ICL7605/06 


INA101 


Precision Inst Amp 


F/E 


IH5108 


HI-508A 


MUX 


P/P 


IH5108 


MPC8S 


MUX 


P/P 


iH5108 


MPC801 


MUX 


F/E 


IH5110-15 


SHC298 


Sample/Hold 


C/P 


IH5208 


HI-507A 


MUX 


P/P 


IH5208 


MPC4D 


MUX 


P/P 


IH5208 


MPC801 


MUX 


F/E 


IH6108 


HI-508A 


MUX 


P/P 


IH6108 


MPC8S 


MUX 


P/P 


IH6108 


MPC801 


MUX 


F/E 


IH6116 


HI-506A 


MUX 


P/P 


IH6116 


MPC16S 


MUX 


P/P 


IH6116 


MPC800 


MUX 


F/E 



NOTES: (1 ) See Model Index, inside front cover. (2) P/P « Pin for Pin. A true second source. F/E = Functional Equivalent. Very 
similar function and performance, but not pin for pin. C/P « Closest Part. Similar function and performance, with significant differences. 
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Company 



Model 



Burr-Brown 
Modei(') 



Description 



Equivalency^) 



Intersil 
Intersil 

LTC 
LTD 
LTC 
LTC 
LTC 
LTC 
LTC 
LTC 
LTC 
LTC 

LTC 
LTC 
LTC 
LTC 
LTC 
LTC 
LTC 
LTC 
LTC 
LTC 

LTC 
LTC 
LTC 
LTC 
LTC 
LTC 
LTC 
LTC 
LTC 
LTC 

LTC 
LTC 
LTC 
LTC 
LTC 
LTC 

Maxim 
Maxim 
Maxim 
Maxim 
Maxim 
Maxim 
Maxim 
Maxim 
Maxim 
Maxim 



IH6216 


HI-507A 


MUX 


P/P 


IH6216 


MPC8D 


MUX 


P/P 


LF155A 


OPA156A 


Op Amp 


P/P 


LF156A 


OPA156A 


Op Amp 


P/P 


LH2108A 


0PA2111 


Op Amp 


C/P 


LM101A 


3510 


Op Amp 


C/P 


LM107 


3510 


Op Amp 


C/P 


LM108 


0PA21 


Op Amp 


C/P 


LM118 


3507 


Op Amp 


F/E 


LT118A 


3507 


Op Amp 


F/E 


LT1001 


OPA27 


Op Amp 


F/E 


LT1002 


OPA2111 


Op Amp 


C/P 


LT1007 


OPA27 


Op Amp 


P/P 


LT1008 


0PA21 


Op Amp 


C/P 


LT1010 


OPA633 


Voltage Buffer 


C/P 


LT1012 


0PA21 


Op Amp 


C/P 


LT1013 


0PA2111 


Op Amp 


C/P 


LT1014 


OPA404 


Quad Op Amp 


C/P 


LT1019XX.10 


REF10 


Voltage Reference 


C/P 


LT1021 


REF10 


Voltage Reference 


F/E 


LT1022 


OPA606 


Op Amp 


P/P 


LT1023 


OPA606 


Op Amp 


C/P 


LT1024 


0PA2111 


Op Amp 


C/P 


LT1028 


OPA27 


Op Amp 




LT1037 


OPA37 


Op Amp 


P/P 


LT1055 


OPA606 


Op Amp 


P/P 


LT1056 


OPA606 


Op Amp 


P/P 


LT1057 


0PA2111 


Dual Op Amp, FET 


C/P 


LT1058 


OPA404 


Quad Op Amp, FET 


F/E 


OP 05 


OPA27 


Op Amp 


F/E 


OP 07 


OPA27 


Op Amp 


F/E 


OP 15 


OPA606 


Op Amp 


P/P 


OP 16 


OPA606 


Op Amp 


P/P 


OP 27 


OPA27 


Op Amp 


P/P 


OP 37 


OPA37 


Op Amp 


P/P 


OP 227 


0PA2111 


Op Amp 


C/P 


OP 237 


0PA2111 


Op Amp 


C/P 


REF-01 


REF10 


Voltage Reference 


F/E 


AD565 


DAC80 


D/A Converter 


C/P 


AD7521 


DAC7541A 


D/A Converter 


P/P 


AD7531 


DAC7541A 


D/A Converter 


P/P 


AD7541 


DAC7541A 


D/A Converter 


P/P 


AD7541A 


DAC7541A 


D/A Converter 


P/P 


AD7545 


DAC7545 


D/A Converter 


P/P 


AM6012 


DAC80 


D/A Converter 


C/P 


BB3553 


3553 


Voltage Buffer 


P/P 


BB3554 


3554 


Op Amp, Wide Bandwidth 


P/P 


HI-0508 


HI-508A 


MUX 


P/P 



NOTES: (1 ) See Model Index, inside front cover. (2) P/P = Pin for Pin. A true second source. F/E = Functional Equivalent. Very 
similarf unction andperfomiance, but not pin for pin. C/P = Closest Part. Similar function arid performance, with significant differences. 
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Burr-Brown 








Company 


Model 


Model(') 


Description 


Equivalency(2) 




Maxim 


Hl-0509 


HI-508A 


MUX 


P/P 




Maxim 


LH0101 


OPA541 


Power Op Amp 


C/P 




Maxim 


MAX358 


HI-508A 


MUX 


P/P 




Maxim 


MAX359 


HI-509A 


MUX 


P/P 




Micro Networks 


DACHK 


DAC811 


D/A Converter Latclied 


F/E 




Micro Networl<s 


MN0300A 


SHC803/804 


Sample/Hold 


F/E 




Micro Networl^s 


MN375/376 


SHC803/804 


Sample/Hold 


F/E 




Micro Networks 


MN379 


SHC600 


Sample/Hold 


F/E 




Micro Networks 


MN574A 


ADC574A 


A/D Converter 


P/P 




Micro Networks 


MN2020 


PGA100/102 


Precision Prog Gain AMP 


C/P 




Micro Networks 


MN2020 


PGA200 


Precision Prog Gain AMP 


C/P 




Micro Networks 


MN3300 


DAC71/72 


D/A Converter 


P/P 




Micro Networks 


MN3300 


DAC700/703 


D/A Converter 


P/P 




Micro Networks 


MN3310 


DAC71/72 


D/A Converter 


P/P 




Micro Networks 


MN3310 


DAC700/703 


D/A Converter 


P/P 




Micro Networks 


MN3660 


DAC811 


D/A Converter Latclied 


C/P 




Micro Networks 


MN3850 


DAC85H/87H 


D/A Converter 


P/P 




Micro Networks 


MN3860 


DAC811 


D/A Converter Latched 


F/E 




Micro Networks 


MN5200 


ADC84/85H 


A/D Converter 


F/E 




Micro Networks 


MN5210-14 


ADC84/85 


A/D Converter 


F/E 




Micro Networks 


MN5245 


ADC803 


A/D Converter 


F/E 




Micro Networks 


MN5245/46 


ADC601 


A/D Converter 


F/E 




Micro Networks 


MN5280/82 


ADC71/72 


A/D Converter 


C/P 




Micro Networks 


MN5290/91 


ADC76 


A/D Converter 


C/P 


z 

o 


Micro Networks 


MN5610 


ADC84/85H 


A/D Converter 


F/E 


H 


Micro Networks 


MN7100 


SDM872 


Data Acq System 


F/E 


< 


Micro Networks 


MN7130 


MP22/32 


Microperipheral 


F/E 


s 


Micro Networks 


MN7150 


SDM873 


Data Acq System 


F/E 


QC 


Micro Networks 


MN7150 


SDM872 


Data Acq System 


F/E 


O 


Micro Networks 


MNADC80 


ADC80 


A/D Converter 


P/P 


U. 


Micro Networks 


MNADC84/85 


ADC84/85H 


A/D Converter 


P/P 


z 


Micro Networks 


MNADC87 


ADC87H 


A/D Converter 


P/P 


LU 
O 

z 


Micro Networks 


MNDAC80 


DAC80 


D/A Converter 


P/P 


Micro Networks 


MNDAC80 


DAC800 


D/A Converter 


P/P 


Micro Networks 


MNDAC85 


DAC85H/87H 


D/A Converter 


P/P 


LU 
DC 


Micro Networks 


MNDAC87 


DAC87H 


D/A Converter 


P/P 


lil 


Micro Networks 


MNDAC88 


DAC811 


D/A Converter Latclied 


F/E 


LL 
LU 


Micro Power Systems 


MP574 


ADC574A 


A/D Converter 


P/P, 


QC 


Micro Power Systems 


MP7506 


HI-506A 


MUX 


P/P 


(h 


Micro Power Systems 


MP7506 


MPC16S 


MUX 


P/P 


0) 


Micro Power Systems 


MP7507 


HI-507A 


MUX 


P/P 


O 


Micro Power Systems 


MP7507 


MPC8D 


MUX 


P/P 


(£ 


Micro Power Systems 


MP7508 


HI-508A 


MUX 


P/P 


O 


Micro Power Systems 


MP7508 


MPC8S 


MUX 


P/P 




Micro Power Systems 


MP7509 


HI-509A 


MUX 


P/P 




Micro Power Systems 


MP7509 


MPC4D 


MUX 


P/P H 


■pp 


Micro Power Systems 


MP7531 


DAC7541A 


D/A Converter 


P/P I 


IE 



NOTES: (1 ) See Model Index, inside front cover. (2) P/P = Pin for Pin. A true second source. F/E = Functional Equivalent. Very 
similar function and performance, but not pin for pin. C/P = Closest Part. Similar function and performance, with sign if leant differences. 



Burr-Brown IC Data Book 



15-11 



Vol. 33 



CROSS-REFERENCE INFORMATION 






Burr-Brown 






Company 


Model 


Model<') 


Description 


Equivalency^^) 


Micro Power Systems 


MP7541A 


DAC7541A 


D/A Converter 


P/P 


Micro Power Systems 


MP7542 


DAC7545 


D/A Converter Latched 


C/P 


Micro Power Systems 


MP7545 


DAC7541A 


D/A Converter 


P/P 


Micro Power Systems 


MP7616 


DAC700/703 


D/A Converter 


C/P 


Micro Power Systems 


MP7621 


DAC7541A 


D/A Converter 


P/P 


Micro Power Systems 


MP7622 


DAC7545 


D/A Converter Latched 


C/P 


Micro Power Systems 


MP7623 


DAC7541A 


D/A Converter 


P/P 


Micro Power Systems 


MP9331-16 


DAC708/709 


D/A Converter Latched 


F/E 


Micro Power Systems 


MP9377-16 


DAC705/707 


D/A Converter Latched 


F/E 


Micro Power Systems 


REF10 


REF10 


Voltage Reference 


P/P 


National Semiconductor 


AD7521 


DAC7541A 


D/A Converter 


P/P 


National Semiconductor 


AD7531 


DAC7541A 


D/A Converter 


P/P 


National Semiconductor 


ADC1080 


ADC80 


A/D Converter 


P/P 


National Semiconductor 


ADC1280 


ADC80 


A/D Converter 


P/P 


National Semiconductor 


DAC1208 


DAC811 


D/A Converter Latched 


F/E 


National Semiconductor 


DAC1218 


DAC7541A 


D/A Converter 


F/E 


National Semiconductor 


DAC1219 


DAC7541A 


D/A Converter 


F/E 


National Semiconductor 


DAC1230 


DAC811 


D/A Converter Latched 


F/E 


National Semiconductor 


DAC128Q 


DAC80 


D/A Converter 


P/P 


National Semiconductor 


DAC1280 


DAC80 


D/A Converter 


P/P 


National Semiconductor 


DAC1285 


DAC85H/87H 


D/A Converter 


P/P 


National Semiconductor 


DAC1286 


DAC80 


D/A Converter 


P/P 


National Semiconductor 


DAC1287 


DAC85H/87H 


D/A Converter 


P/P 


National Semiconductor 


LF155A 


OPA156A 


Op Amp 


P/P 


National Semiconductor 


LF156A 


OPA156A 


Op Amp 


P/P 


National Semiconductor 


LF157A 


OPA606 


Op Amp 


F/E 


National Semiconductor 


LF1 98-398 


SHC298 


Sample/Hold 


P/P 


National Semiconductor 


LF351 


OPA156A 


Op Amp 


P/P 


National Semiconductor 


LF353 


0PA2111 


Op Amp 


C/P 


National Semiconductor 


LF400C 


OPA606 


Op Amp 


F/E 


National Semiconductor 


LF411 


OPA602 


Op Amp 


P/P 


National Semiconductor 


LF412A 


0PA2111 


Op Amp 


F/E 


National Semiconductor 


LF441A 


0PA121 


Op Amp 


F/E 


National Semiconductor 


LF442A 


OPA2111 


Op Amp 


F/E 


National Semiconductor 


LF444A 


OPA404 


Op Amp 


P/P 


National Semiconductor 


LF11508 


HI-508A 


MUX 


P/P 


National Semiconductor 


LF11509 


HI-509A 


MUX 


P/P 


National Semiconductor 


LF13741 


0PA121 


Op Amp 


P/P 


National Semiconductor 


LH0002 


3553 


Buffer 


C/P 


National Semiconductor 


LH0003 


3507 


Op Amp 


C/P 


National Semiconductor 


LH0004 


3580 


Op Amp 


C/P 


National Semiconductor 


LH0005 


OPA605 


Op Amp 


C/P 


National Semiconductor 


LH0022 


0PA121 


Op Amp 


P/P 


National Semiconductor 


LH0023 


SHG298 


Sample/Hold 


C/P 


National Semiconductor 


LH0024 


3551 


Op Amp 


F/E 


National Semiconductor 


LH0032 


OPA605 


Op Amp 


C/P 


National Semiconductor 


LH0033 


OPA633 


Voltage Buffer 


F/E 


National Semiconductor 


LH0042 


0PA121 


Op Amp 


P/P 


National Semiconductor 


LH0043 


SHC298 


Sample/Hold 


C/P 



NOTES: (1) See Model Index, inside front cover. (2) P/P = Pin for Pin. A true second source. F/E = Functional Equivalent. Very 
similar function and performance, but not pin for pin. C/P = Closest Part. Similar function and performance, with significant differences. 
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Burr-Brown 








Company 


Model 


Model(') 


Description 


Equivalency(^) 




National Semiconductor 


LH0044 


OPA27 


Op Amp 


F/E 




National Semiconductor 


LH0052 


0PA111 


Op Amp 


P/P 




National Semiconductor 


LH0053 


SHC85 


Sample/Hold 


F/E 




National Semiconductor 


LH0053 


SHC5320 


Sample/Hold 


C/P 




National Semiconductor 


LH0063 


3553 


Op Amp 


F/E 




National Semiconductor 


LH0084 


PGA200/201 


Precision Prog Gain AMP 


F/E 




National Semiconductor 


LH0086 


PGA100/102 


Precision Prog Gain AMP 


F/E 




National Semiconductor 


LH0101 


OPA541 


High-Current Op Amp 


C/P 




National Semiconductor 


LH740A 


OPA121 


Op Amp 


P/P 




National Semiconductor 


LH2011 


OPA2111 


Op Amp 


C/P 




National Semiconductor 


LH2101A 


0PA2111 


Op Amp 


C/P 




National Semiconductor 


LH2108A 


OPA2111 


Op Amp 


C/P 




National Semiconductor 


LH4001 


OPA633 


Voltage Buffer 


C/P 




National Semiconductor 


LM11 


0PA21 


Op Amp 


C/P 




National Semiconductor 


LM12 


OPA541 


High Current Op Amp 


C/P 




National Semiconductor 


LM101A 


3510 


Op Amp 


C/P 




National Semiconductor 


LM107 


3510 


Op Amp 


C/P 




National Semiconductor 


LM108A 


0PA21 


Op Amp 


C/P 




National Semiconductor 


LM112 


3510 


Op Amp 


C/P 




National Semiconductor 


LM118 


3507 


Op Amp 


C/P 




National Semiconductor 


LM131/331 


VFC32 


V/F Converter 


C/P 




National Semiconductor 


LM143 


3580 


Op Amp 


C/P 




National Semiconductor 


LM144 


3580 


Op Amp 


C/P 




National Semiconductor 


LM158A/358 


0PA2111 


Op Amp 


C/P 


z 

o 


National Semiconductor 


LM163 


INA101 


Precision Inst Amp 


F/E 


National Semiconductor 


LM163 


INA102 


Precision Inst Amp 


F/E 


H 


National Semiconductor 


LM216A 


0PA21 


Op Amp 


C/P 


< 


National Semiconductor 


LM363 


INA101HP 


Precision Inst Amp 


F/E 


s 


National Semiconductor 


LM607 


OPA27/37 


Op Amp 


C/P 


QC 


National Semiconductor 


LM675 


0PA511 


High Current Op Amp 


C/P 


O 


National Semiconductor 


LM709A 


3507 


Op Amp 


C/P 


LL 


National Semiconductor 


LM725A 


3510 


Op Amp 


F/E 


Z 


National Semiconductor 


LM747A 


0PA2111 


Op Amp 


C/P 


UJ 

o 

z 

LU 


National Semiconductor 


LM748 


3510 


Op Amp 


C/P 


National Semiconductor 


LM837 


OPA404 


Op Amp, Quad 


C/P 


National Semiconductor 


LM1558 


0PA2111 


Op Amp 


C/P 


QC 


National Semiconductor 


LM2904 


0PA2111 


Op Amp 


C/P 


LU 


National Semiconductor 


LMC660 


OPA404 


CMOS Quad 


C/P 


LL 
LU 

1 


PMI 


AMP-01 


INA101 


Precision Inst Amp 


F/E 


PMI 


AMP-01 


INA102 


Precision Inst Amp 


F/E 


(0 


PMI 


AMP-05 


INA110 


Precision Inst Amp 


F/E 


CO 


PMI 


MUX08 


HI-508A 


MUX 


P/P 


o 


PMI 


MUX08 


MPC8S 


MUX 


P/P 


DC 


PMI 


MUX16 


HI-506A 


MUX 


P/P 


O 


PMI 


MUX16 


MPC16S 


MUX 


P/P 




PMI 


MUX24 


HI-509A 


MUX 


P/P 




PMI 


MUX24 


MPC4D 


MUX 


P/P H 


■H 


PMI 


MUX28 


HI-507A 


MUX 


P/P ■ 


IE 



NOTES: (1 ) See Model Index, Inside front cover. (2) P/P = Pin for Pin. A true second source. F/E = Functional Equivalent. Very 
similarfunction and performance, but notplnforpln. C/P = Closest Part. Similar function and performance, with significant differences. 
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Company 



Model 



Burr-Brown 
Model(') 



Description 



Equivaiency(^) 



PMI 
PMI 

PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 

PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 

PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 

PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 
PMI 



MUX28 


MPC8D 


MUX 


P/P 


OP-01 


OPA606 


Op Amp 


C/P 


OP-04 


0PA2111 


Op Amp 


C/P 


OP-05 


OPA27 


Op Amp 


F/E 


OP-06 


OPA37 


Op Amp 


C/P 


OP-07 


OPA27 


Op Amp 


F/E 


OP-08 


0PA111 


Op Amp 


C/P 


OP-10 


0PA2111 


Op Amp 


C/P 


OP-12 


0PA21 


Op Amp 


F/E 


OP-14 


0PA2111 


Op Amp 


C/P 


OP-15 


OPA606 


Op Amp 


P/P 


OP-16 


OPA606 


Op Amp 


P/P 


OP-17 


OPA606 


Op Amp 


F/E 


OP-20 


0PA21 


Op Amp 


C/P 


OP-21 


0PA21 


Op Amp 


P/P 


OP-27 


OPA27 


Op Amp 


P/P 


OP-37 


OPA37 


Op Amp 


P/P 


OP-41 


0PA111 


Op Amp, FET 


F/E 


OP-42 


OPA602 


FET Op Amp, Fast 


F/E 


OP-43 


0PA111 


OpAmp,hhl 


F/E 


OP-50 


OPA27 


Op Amp 


C/P 


OP-77 


OPA27 


Op Amp, Precision Bipolar 


C/P 


OP-80 


OPA128 


Op Amp, Electrometer hb 1 


F/E 


OP-90 


OPA21 


Op Amp, Micropower 


C/P 


OP-207 


OPA2111 


Op Amp 


C/P 


OP-21 5 


OPA2111 


Op Amp 


C/P 


OP-220 


0PA2111 


Op Amp 


C/P 


OP-221 


0PA2111 


Op Amp, Dual Low Power 


C/P 


OP-227 


0PA2111 


Op Amp, Dual OP-27 


C/P 


OP-400 


OPA404 


Quad Op Amp 


C/P 


OP-420 


OPA404 


Op Amp, Quad Low Power 


C/P 


OP-421 


OPA404 


Op Amp, Quad Low Power 


C/P 


OP-470 


OPA404 


Quad Low Noise Op Amp 


C/P 


PM108A 


OPA21 


Op Amp 


F/E 


PM155A 


OPA156A 


Op Amp 


P/P 


PM156A 


OPA156A 


Op Amp 


P/P 


PM157A 


OPA606 


Op Amp 


F/E 


PM725 


OPA27 


Op Amp 


F/E 


PM747 


0PA2111 


Op Amp 


C/P 


PM2108A 


OPA2111 


Op Amp 


C/P 


PM7541 


DAC7541A 


D/A 


P/P 


PM7545 


DAC7545 


D/A 


P/P 


PM8012 


DAC8012 


D/A 


P/P 


REF10 


REF10 


Voltage Reference 


P/P 


SMP-10 


SHC298 


Sample/Hold 


F/E 


SMP-11 


SHC298 


Sample/Hold 


F/E 


SMP-81 


SHC5320 


Sample/Hold 


C/P 



Raytheon 



LM101A 



3510 



Op Amp 



C/P 



NOTES: (1 ) See Model Index, Inside front cover. (2) P/P = Pin for Pin. A true second source. F/E ^ Functional Equivalent Very 
similar function and performance, but not pin for pin. C/P = Closest Part. Similar function and performance, with significant differences. 
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Company 



Model 



Burr-Brown 
Mode|(') 



Description 



Equivalence^) 



Raytheon 


LM358 


0PA2111 


Op Amp 


Raytheon 


OP-05 


OPA27 


Op Amp 


Raytheon 


OP-07 


OPA27 


Op Amp 


Raytheon 


OP-27 


OPA27 


Op Amp 


Raytheon 


OP-37 


OPA37 


Op Amp 


Raytheon 


OP-47 


OPA37 


Op Amp 


Raytheon 


RC714 


OPA27 


Op Amp 


Raytheon 


RC747 


0PA2111 


Op Amp 


Raytheon 


RC1458 


0PA2111 


Op Amp 


Raytheon 


RC2041 


0PA2111 


Op Amp 


Raytheon 


RC2043 


0PA2111 


Op Amp 


Raytheon 


RC3078 


OPA21 


Op Amp 


Raytheon 


RC4136 


OPA404 


Op Amp 


Raytheon 


RC4153 


VFC320 


V/F Converter 


Raytheon 


RC4156 


OPA404 


Op Amp 


Raytheon 


RC4558 


0PA2111 


Op Amp 


Raytheon 


RC4559 


0PA2111 


Op Amp 


Raytheon 


RC4560 


OPA2111 


Op Amp 


Raytheon 


RC4562 


0PA2111 


Op Amp 


Raytheon 


RC4739 


0PA2111 


Op Amp 


Raytheon 


RC5532 


0PA2111 


Op Amp 


Raytheon 


RC5534 


OPA37 


Op Amp 


Siliconlx 


DG506 


HI-506A 


MUX 


Siliconix 


DG506 


MPC16S 


MUX 


Siliconix 


DG507 


HI-507A 


MUX 


Siliconix 


DG507 


MPC8D 


MUX 


Siliconix 


DG508 


HI-508A 


MUX 


Siliconix 


DG508 


MPC8S 


MUX 


Siliconix 


DG509 


HI-509A 


MUX 


Siliconix 


DG509 


MPC4D 


MUX 


Sprague 


VLN-3755 


OPA2541 


Power Op Amp, Dual 


Teledyne-Philbrlck 


1480 


3583 


High Voltage 0/A 


Teledyne-Philbrick 


TP4002 


DAC71/72H 


D/A Converter 


Teledyne-Philbrlck 


TP4002 


DAC701/703 


D/A Converter 


Teledyne-Philbrick 


TP4160 


ADC10HT 


A/D Converter 


Teledyne-Philbrick 


TP4855 


SHC803 


Sample/Hold 


Teledyne-Philbrlck 


TP4860 


SHC803 


Sample/Hold 


Teledyne-Philbrick 


TP4860 


SHC804 


Sample/Hold 


Teledyne-Philbrick 


TPADC85 


ADC84/85H 


A/D Converter 


Teledyne-Philbrick 


TPADC87 


ADC87H 


A/D Converter 


VTC 


VA033 


OPA633 


Voltage Buffer, Widefc 


Zeltex 


ADA160Q 


DAC729 


D/A Converter 


Zeltex 


ZAD354 


DAC71/72 


D/A Converter 


Zeltex 


ZAD7100 


ADC803 


A/D Converter 


Zeltex 


ZAD7400 


ADC76 


A/D Converter 


Zeltex 


ZAD8000 


DAC70BH 


D/A Converter 


Zeltex 


ZAD8000 


DAC700/702 


D/A Converter 



C/P 




F/E 




F/E 




P/P 




P/P 




F/E 




P/P 




C/P 




C/P 




C/P 




C/P 




C/P 




C/P 




C/P 




C/P 




C/P 




C/P 




C/P 




C/P 




C/P 




C/P 




F/E 




P/P 




P/P 


Z 


P/P 


o 






P/P 


H 


P/P 


< 


P/P 


s 


P/P 


DC 


P/P 


O 


C/P 


u. 




z 






P/P 
F/E 
F/E 


LU 
O 

z 


F/E 


LU 


F/E 


OC 


F/E 


UJ 


P/P 


LL. 


P/P 


LU 


P/P 


EC 




CO 


P/P 


CO 




o 


F/E 


oc 


F/E 


o 


F/E 




F/E 




F/E 


^^^B 


F/E 1 


■E 



NOTES: (1 ) See Model Index, inside front cover. (2) P/P = Pin for Pin. A true second source. F/E = Functional Equivalent. Very 
similar function and performance, but not pin for pin. C/P = Closest Part. Similar function and performance, with significant differences. 
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Company 



Model 



Burr-Brown 
Mode|(') 



Description 



Equivalency^ 



Zeltex 
Zeltex 
Zeitex 
Zeltex 
Zeitex 
Zeitex 
Zeltex 
Zeltex 
Zeltex 



ZD354 


DAC71/72 


D/A Converter 


ZD354 


DAC700/702 


D/A Converter 


ZD364 


DAC71/72 


D/A Converter 


ZD364 


DAC701/703 


D/A Converter 


ZD384 


DAC71/72 


D/A Converter 


ZD384 


DAC701/703 


D/A Converter 


ZD394 


DAC71/72 


D/A Converter 


ZD394 


DAC701/703 


D/A Converter 


ZDA160 


DAC729 


D/A Converter 



F/E 
F/E 
F/E 
F/E 
F/E 
F/E 
F/E 
F/E 
F/E 



NOTES: (1) See Model Index, inside front cover. (2) P/P « Pin for Pin. A true second source. F/E = Functional Equivalent. Very 
similar function and performance, but not pin for pin. C/P = Closest Part. Similar function and performance, with significant differences. 



Burr-Brown IC Data Book 



15-16 



Vol. 33 



— NOTES 



Burr-Brown IC Data Book Vol. 33 



—NOTES — 



Burr-Brown IC Data Book Vol. 33 




Burr-Brown IC Data Book Vol. 33 



BURR-BROWN INTERNATIONAL SALES OFFICES & 
SALES REPRESENTATIVES 



AUSTRALIA 

Kenelec(AUST)Pty Ltd 
48 Henderson Rd Clayton 
Victona3168 
Tel- 61-3-560-1011 
FAX. 61-3-560-1804 
TLX 790 35703 KENLEC 

AUSTRIA 

Burr-Brown Research, GesmbH 
' Senefeldergassell 
A-1 100 Vienna 
Tel 43-222-626371 
FAX- 43-222-6272295 
TLX 847 134777 BBW A 



Burr-Brown International N V 
Cophenlaan118 
B-1 180 Brussels 
Tel: 32-2-3474430 
FAX- 32-2-3435989 
TLX 84662805 



Allan Crawford Associates 
5835 Coopers Ave 
Mississauga.Ont L4V1Y2 
Tel. 416-890-2010 
FAX 416-890-1959 
TLX 06961234 

DENMARK 

MER-ELA/S 

VedKlaedebo18 

KD-2970Hoersholm 

Tel- 45-2-57-1000 

FAX- 45-2-57-2299 

TLX. 855 37360 MERELDK 

FINLAND 

PerelOy 



SF-05830Hyvlnkaa3 
Tel. 358-14-21600 
FAX- 358-14-21609 
TLX 857 15117 PERELSF 

FRANCE 

Burr-Brown International S.A 

18 Avenue Dutartre 

F-78150LeChesnay 

Tel: 33-1-9543558 

FAX: 33-1-39512484 

TLX: 842 696372 FBURBRWN 



Macedonian Electronics. S.A 
PO Box 10240 
541 10 Thessaloniki- Hellas 
Tel- 30-31-306-800 
TLX: 863 412584 MAELGR 

HONGKONe 

Schmidts Co. (HK) Ltd 

18th Floor. Great Eagle Centre 

23 Harbour Road 

Wanchai 

Tel: 582-5-8330222 

FAX- 582-5-8918754 

TLX: 780 74766 SCHMCHX 



Siex Elektronikelemente. GmbH 

MarienbaderStr.42 

Postfach1365 

D-8502Zirndorf 

Fed. Republic of Germany 

Tel 49-911-60-7014 

FAX- 49-911-60-8862 

TLX. 841 623486 SIEX D 



Oriole Services & Consultants, Pvt Ltd 

PO Box 21120 

4. Kuria Industrial Estate 

Ghatkopar, Bombay 400 086 

Tel. 91-22-512-2973 

TLX. 953 1172102 OSC IN 



Microtronics Associates Pte Ltd 

8LorongBakarBatu 

03-01, KolamAyer Industrial Park 

Singapore-1334 

Tel 65-748-1835 

FAX 65-743-3065 

TLX 786 34929 MICRO 

ISRAEL 

Racom Electronics Co. Ltd 
PO Box 21120 
Tel-Aviv 61210 
Tel 972-3-491922 
FAX 972-3-491576 
TLX- 922 33808 RACELIL 

ITALY 

Burr-Brown International S R.L 

ViaZante14 

20138 Milano 

Tel. 39-2-5065228 

FAX. 39-2-504709 

TLX- 843 316246 B BROWN I 

JAPAN 

Burr-Brown Japan Ltd 
2F, Natural House BIdg 
14-156-Chome,Akasaka 
Minato-ku, Tokyo 107 
Tel: 81-3-5868141 
FAX: 81-3-5822940 

MALAYSIA 

Microtronics Associates Pte. Ltd 

8LorongBakarBatu 

03-01 , Kolam Ayer Industrial Park 

Singapore-1334 

Tel- 65-748-1835 

FAX- 65-743-3065 

TLX. 786 34929 MICRO 

NETHERLANDS 

Burr-Brown International B V. 
PO Box 7735 
1117ZLSchiphol 
Tel. 31-20-470590 
FAX- 31-20-470357 
TLX. 844 13024 BBWN ML 

NEW ZEALAND 

Northrop Instruments & Systems Ltd 

Private Bag. 12 Kent Street 

New Market, Auckland 

Tel: 64-9-587-037 

FAX 64-9-587-276 

TLX 791 21570 THERMAL 



NORWAY 

HefroElektronnikA/S 

HaavardMartinsensvei19 

Postboks6Haugenstua 

N-09150slo-9 

Tel 47-2-107300 

FAX- 47-2-106546 

TLX 856 76205 HEFRON 

PORTUGAL 

Cristalonica 

Components de Radio e Televisao, LDA 

Rua Bernardim Ribeiro, 25 R/C Dto. e Esq 

IIOOLisboa 

Tel. 351-1-534631 or 540314 

FAX 351-1-561755 

TLX 832 64119 CRISTA P 

SINGAPORE 

Microtronics Associates Pte Ltd 

8 Lorong Bakar Batu 

03-01, Kolam Ayer Industrial Park 

Singapore-1334 

Tel 65-748-1835 

FAX. 65-743-3065 

TLX 786 34929 MICRO 

SOUTH AFRICA 

Advanced Semiconductor Devices (Pty) Ltd 

PO Box 2944 

Johannesburg-2000 

Tel 27-802-5820 

FAX- 27-802-4593 

TLX 960 428201 SA 

SOUTH KOREA 

Oyang Corporation 
CPO Box 3285 

SunJinBldg 164, Angukdong 
Chongrogu,Seoul-110 
Tel 82-2-732-8031 
FAX 82-2-732-8049 
TLX 787 22679 OYCORPK 

SPAIN 

Unitronics, S A 
Torre de Madrid 
Planta12,0ficina9 
Madrid-28008 
Tel 34-1-242-5204 
FAX- 34-1-248-4228 
TLX- 831 46786 UTRONE 

SWEDEN 

Burr-Brown International A B 
19461 UpplandsVasby 
Kanalvagen 5 
Tel: 46-76093010 
FAX 46-76094362 
TLX. 854 14489 BBIABS 

SWITZERUND 

Burr-Brown AG. 
Weingartenstrasse9 
CH8803Rueschl ikon Zurich 
Tel- 41-1-7240928 
FAX 41-1-7240410 
TLX. 845 59880 BUBRCH 



TAIWAN 

Alpha Precision Instrumentation Corporation 

11th Floor, 71. Sung Chiang Road 

Taipei. R O.C 

Tel: 886-2-508-3066 

FAX 886-2-507-7185 

TLX 785 25138 APIC 



Microtronics Associates Pte Ltd 

8 Lorong Bakar Batu 

03-01. Kolam Ayer Industrial Park 

Singapore-1334 

Tel- 65-748-1835 

FAX 65-743-3065 

TLX, 786 34929 MICRO 

TURKEY 

Burc Electronics & Machinery Corp 
Bankalar, Okcumusa cad no 54 
Menevse Han Kat 4 Karakoy, Istanbul 
Tel 90-1-153-5465 
FAX 90-1-153-5468 
TLX 821 25883 BU EM TR 



D KINGDOM 

Burr-Brown International Ltd 

IMillfield House 

Woodshots Meadow, Watford 

Hertfordshire WD18YX 

Tel 44-92333837 

FAX 44-92333979 

TLX 851 922481 BBWFDG 

UNITED MEXICAN STATES 

(Components only) 
Dicopel.SA deCV 
Tochtli 368 Fracc Ind 
Sn Antonio AzcapotzaIco 
CP 02760 Mexico, DF 
Tel 52-5-561-3211 
FAX 52-2-561-1279 
TLX 3831 773790 DICOME 

WEST GERMANY 

Burr-Brown International GmbH 

WeidacherStrasse26 

D-7024Filderstadt1 

Tel 49-711-701025 

FAX 49-711-706341 

TLX 841 177111257 

YUGOSLAVIA 

Elektrotehna Ljubljana Do Junel 

Tozd Elzas 

61000 L]ubliana,Poljanska 25 

Tel 38-61-329745 

TLX- 862 31 767 YU ELZAS 



Burr-Brown Corporation 
Irternational Airport Industrial Park 

Street Address: 

6 730 S. Tucson Blvd. — 

Tucson, AZ 85706 



IVailing Address: 

P.O. Box 11400 

TucsoaAZ 85734 

Tel: (602) 746-1111 
TWX: 910-952-1111 
Cable: BBRCORP 
Telex: 66-6491 
FAX: (602) 889-1510 



FOR IMMEDIATE PRODUCT 
INFORMATION: (800) 548-6132 



«^ 



